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ABSTRACT 

A survey of t~;.e virus dise.:1ses of chrysanthemums i n th2 

Ma.(]_.J.\7atu reve'.Jled that to~2.to ::i.sperqy- virus ( TAV) and chrysa.."lthcmum 

stunt were pr(rnent in most cul ti vn:rs grown for cut-flov,ers 7 often 

resul tin[; i i1 w.1cuo.r~rn table flov:8rs . L::i.t ent infoction of both 

viruses was revealed i n most cul t i v::i.rs tested by s'.cp or gr e.f t 

inde:;xi~1.g to suitabl e indic 2-t o1~ plants . 

Rod-shaped po.:rticles of the l eaf mottle group were observed 

in l em- dip e l ectron microscopic ex~rnin~tions from most cultivars 

cxarrd.ned~ al tllougl1. l eaf symptoms were not widespread . 

Ch2.r~cteris::i.t i o~ of TAV r ~veal ed that the virus could be sap 

and gr2ft transf'.li tted c:md was aphid trarisrui tted in a stylct- borne 

m::mner . Eost r :J.nge end in vitro properties of TAV did not differ 

sufficiently fro!tl overse2.s r eports to warT BLt tt,c dcsign2.tion of -,_ 

new strair:. of TKi . The addition of DIECA to chrysanthemum triturates 

mn:ckedl y increased the infecti vi ty of TAV in chrysanthemum sap . 

Graft i ndexing for chrysanthemwi't stunt~ using the cul ti var 

11\listl etoe ' wo.s found to be more reliable thru1 sap inoculation to 

ei ther 1I.'Iistl e toe ' or cinerari a 1 or the sto.rch local l esion t est . 

Defolic.tion of t he 1Histletoe 1 scions reduced the l Cctent period of 

chrJsanthcmum stw.1t from 4 t o 2 months . 

The presence of rod-shaped particles c a . 690 x 15 nm in leaf­

dips from many chrysanthemmns 9 and from inoculated petunia l eaves 

showing yellov: local lesions suggested the presenc e of one or more 

of the l eaf mottle viruse s . Graft indexing with I Good Nevvs ' 

chrys anthemums gave symptoms of mosaic infection similar to those 

described in the U.S.A. 9 suggesting a relationship between the 

mos::-.ic and l eaf mottle groups. The leaf mottle virus infecting 

chrysanthemums in the Manawatu was found to be aphid transmitted 
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~md of the non--pcrsistcnt or styl c; t-born1.; type . Erro.tic sy!:ip t o:_1 

expres sion in Pctuni 8. hybri d:i. Viln, nc c ossi t a t e d th,, use of lc :1f­

dip c.x c.r.nnc..tions 1;0 ck t 0r nin;.; thu pr csen c o of' virus parti c l e:s in 

the inocul ~~tu~ pc tuni?, l ;::9.v8s during t li-., :i.sscss1:10nt of t he., i n vitro 

prop...,rti cs of the l c., 2.f nottlo g roup . 

Suggcst -.; c'. c ontrol ::1.cnsurcs i nclud0 indexing to obt,:i n virus ­

tcstu1 ch:rys:-.-in. th.::nu1"_1 stock plants) a..vid t he pr2vE:mtion of r e-infection 

frou outs i ck 3ourccs by th" "-Phi d vectors . Prc lir:lin.".ry invcstig"..t i onc 

sl10wcc.1 t hJ.t ~l8ri s t cm- tip cul turc i s f c.?.s i bl e for c limin,::.tion of TAV 

::rid viruse:s of th~ l 0i.'.f r.1ottl 0 group fro;.,1 totally infected 

chrysn.nthor:im, cultivc.rs 1 but th::-.t trcc1.t n,:mt during 11 h2rdcming off" 

is critic a l for plantlc t survival . 
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CHAPTER 1 . 

L TTRODUCTi rnr 

Chr ys8J.1.t:1":--1ur.1s c'..r c. one: of t :1e.; nos t popul etr or n,31:i.ont::1.l crops 

g r own . The., c ul ti v2.tvc1 chrys--mt hc~.1uo grovm for cut-flowe r production 

bc l on6 s t o t ~1c spoci e s Chry s2.nt h\..,~.1U!:1 ;:10rifoliur.1 R::c::.1 . but ::ios t 

cul ti vn:rs h<>..ve: bc1:m cxtonsi v e: l y hybridi sed wi t h Chrys,:.>nt hcm.lI-1 

i~1.dicw1 L . snd Chry s2...n. t ht:::mn nipponicu:-.:c Hort . Th" i n t ens i ve 

cul turc of ch r ysant hc:.1m1s h::i.s re sul tcd i n incrc.:1sc:d f l ow(.; r nwnbors 

.J...'1:1 bG ttcr qu~l i t y f l ow8r s, s...n.d atte:nt i on i s now bei ng 6 i v0n t o 

vi rus di sc'."'.scs mll1 th1_; i r eff ect on f l ower quali ty 2.nd pl8.nt vig ou+. 

Thl:r'-' ;_rr..: o.t pr'"'s1..mt SOL11... 20 vi rusvs or vir u s - l ike ni;cnt s 

knovm to inf0ct chrys'l.D.t hcsur.1s, ::md sane of t }1csc 3.I'1... revi ewed i n 

t he foll owi ng secti on . 

1 . 1 /. REVI EW OF THE LI TERLTURE m VIRUSES RECO:RDED IIJ CHRYS /,.NTHEI/ITJ:''IS 

1. 1. 1 Lstor Yellows Group * / * :*/* :*/* : S/Au 

One of the. firs t r 8ports of a di soc.se of chryse.nt hcntms 

a ttributed to n virus or virus - like 2.gent , was by l~"' l s on ( 95 ) . 

HG des cribed syL1p ton s nppc aring in chrysant h er:n.ms , siDi l ar to 

thos e de s c ribed for as t er y e l l ows , and c onclude d t hnt one of t h e 

y ellows-type inf e: c tious agents was pre s ent . He cnlled thi s 

di s eas e chrysclJl.t hc;:.1w:i. y ellows. Kunke l (83 ) demonstra t ed tha t 

t he c ause agent of a ster y ~l lows wa s also pr e s ent i n sane 

chrysanth01:1ur.1 cu l ti vars and appear ed to c nusc synptor.1s sinil .:1,r 

to those de s c r i bed by Ne l son (95), The s e include d the producti on 

of snall g r een f l owe r s and we ak spindly l a t e r ·:i.l shoo t s 7 while t h i n 
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weak basal shoots with shortened internodes were shown to be signs 

of infection in plants which flowered normally . The infected 

plants usually died within a few months, but cuttings from r ecently 

infec ted plants often exhibited weak terminal growth and shortened 

internodes (15). 

Similar symptoms have been r eported i n England by Hollings (51) , 
where gre en flowers developed on infected 1Balcombe Perfection ' 

chrysanthemurns 9 together with spindly growth and root necrosis . 

Graft transmission of the causal agent was poss i ble) but Hollings 

reported no l eaf-hopper transmission . When symptoms of flower 

distortion did not appear on grafting infected plants to 1Bl azing 

Gold ') Hollings concluded that the symptoms were typical of the 

aster yellows group rather than flower distorti on and called the 

disease chrysanthemum green flower (51 ). 

In recent years aster yellows appears to have disappeared 

frorn commercial crops 1 possibly because of efficient control of 

the leaf- hopper -vector> and the self - eliminating tendency ( through 

unsuccessful propagation) of the infected cuttings . 

The causal agents of 1yellows-type 1 diseases have long been 

thought to be viruses> but now there is considerable evidence 

casting doubt on this. In 1967 ~ Doi et al (33) in Japan. and 

subsequently workers in other countri es; reported mycoplasma-like 

organisms (MLO) in the phloem of pl ants exhibiting a variety of 

symptoms 9 includ:i.ng yellowing . There are numerous reports of ?11LO 

being associated with aster yellows and with the l e3.f -hoppcr vector 

(after feediag on diseased plants ) (5 9 88) . Symptoms of aster 

yellows are reported to r egress if plants are treated with certain 

tetracycline antibiotics. Similar reports have been made for a 

number of other diseases where MLO have been implic ated (71). 

It would be surprising if chrysanthemum yellows (sensu Nelson) 

and chrysanthemum green flower (sensu Hollings) do not prove to 

belong to this category too. 
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1 . 1 • 2 American Flower Distortion */ *:*/ *:*/*: A/Au 

Symptoms of flower distortion, attributed to a virus infection , 

wer e r ecorded i n England by Bewley and Richards (4) and Prentice 

(101) , and later i n t he U. S. A. by Brierley (11) . 

In England, t he organism causing t his distortion of flowers 

was shovm i n mos t case s to be a strain of tomato aspermy virus (TAV) 

usually in associ ation with at l east one other virus (46) . 

In the U. S.A. , however , Brierley (11) compared symptoms 

expressed in chrys anthemums infected with TAV ; chrysanthemum 

mosaic, and tnos e showing flower distortion symptomsi and he 

r e ported that the presence of flower distortion symptoms was not 

always related to infection with TAV and consequently attributed 

the se symptoms to a flower distortion virus . Further work by 

Brierley (12) demonstrat ed that the pathogen causing flower 

distortion was transmissible by grafting and by dodder. Root 

necrosis, symptomatic of ' ye llows -type ' disc ases 5 generally 

r esulted i n death of the infected plants 1 and Brierley proposed 

that this American flower distortion was in fact caused by one of 

the ' yellows-type ' organisms. 

Grafting infected plants to the chrysanthemum ' Blazing Gold ' 

was shown to be the be s t means of identification of flower 

distortion. Symptoms of tight rosetting and deformation of the 

younger l eaves appe ared within 2 months and small distorted flower s 

were produced (21) . 

1 • 1 • 3 Tomato Asper~y Virus R/I:*/*:S/ S:S/ Ap 

Thi s virus (TAV) causes distinctive symptoms in tomatoes 

i ncluding apical chlorosisy l eaf mottling and distortion ~ the 

development of a bushy habit 5 a reduction in fruit numbers : and 

as the name of the virus implies 5 poor seed development ( 109 ). 

Bl encowe and Cal dwell (6) demonstrated that these sympt oms 

i n tomat oes could be caused by a virus also present in 

chrysanthemums . Bewl ey and Richards (4) and Skillman ( 106 ) 
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d;:;scribcd synptons of l eaf ;:10 ttlinc 1 flower distortion n.nd colour­

breaking i n ehrysmthorn.,u1s : 1.11.d n::c,ncd. th,c disease chrysnntho1:1u;:1 

cosaic. Howe v'--r, Pron tic : __ ( 101) showod that r.,os?.ic syuptons were 

no t 2L11:--._ys c.ssoci :->. tcd with di stort'--d flowers 2.nd suggeste d t h 1.t a 

bJt t or n. :., .. .-1i., for this c~j_sc<lSc: woulc"!. b0 chrys w the::iur: fl ower 

distortiori. 

Hollin6 s ( 46 ) i ndc;xecl s cv vr:o.l hundn;d cl1rysanthor:1w:1s with 

various flower ::md l eo:J.f .1.bnon,12-li tics CIDd showed th2..t D::my were 

infe c t od with TJ.V, often in conjunction with othe r virus e s . HG 

n::UJ.vd th'-' disons c a spc r :·.zy flowcr distortion to distinguish it f ron 

the /.: 1erican flower distortion 1 :-,nd suggestGd th:J.t chrys~thc::.1u.m 

n osnic ( s2nsu Bcv,L::y :1ncl Rich 0_r ds) was i n fact c .:.u sed by ---, conbined 

inf0ction of T/.V '1l'ld one or i..:10r '-- viruse s of th8 lam n ett l e group . 

Sr.nth (109 ) h2.s c nllcc1 t;.1c virus i nvolv1.;d in thG production of 

::,spor ny flower distorti on ~ chrys2nth0;.1un -:i.s pe:ruy virus 1 nnd this i s 

rc_;ci.rdd :,s ..,_ str nin of Tl.V (63). 

Sy::"ptons o.ttributcc1 t o TJ.V in c hrys·:.nth"nUDs include. r'. 

r c:duction i n flovror size 1 lli"'lticly di stortc.d flowcrs 9 :md c ol our 

brc 0>.lc in so:_:c; of t he da:rb., r fl oYie:r cd cult i v2.rs (979 108 ). 

Several worlw r s (23 7 37 , t,6 ) h'.'..vo r e ported that J'!Iyzus p 1..; r s ic2.e 

Sulz . 9 tot;'-- t her rli th ot he r aphid spe ci e s, in p:crticul8.r 

l.ul acorthw1 sol:mi Kl tb. mi.c~ Ms.crosiphoni e: lln smlborni Gill. 9 

trans:_;i tt-:.d Tl.V fro:-.1 chrys'l.nthci..:.,.i.:- t o chrysm1tl1c11w-1. 

The uost snti sf nctory ;,,c::u1s of i dentificntion of Tl.V i s the 

us 1:; of ind icator plnnts, such as Pc tunL, hybri d!'!. nnd Nicotianc-·. 

glutinosn L. (46) . 

The properti es of T/.V in crude plant sap hc.ve b een r a corded 

overs ens by s evar o.l workers ( 23 9 3 7 s 46 ~ 97 ~ 99) • 

Tho r c sul ts of stuclie s on Tl.V pre sent in chrysantheraUCTs in 

t he ~,bnnwo.tu o.re shown in ch2.pter 3 . 



1 • 1 • 4 Tona to Spotted Wilt Virus R/*:*/*:S/S: S/Th 

This virus, first r eported i n 1Tc:w Z2dnnd in 1946 by 

Ch:--nberl ctn (25) 9 h::is bc\,;n r opor t Gd ovor so2..s as i nfecting 

chrys':1nthc.;-_~_U.DS ( 1 9 1 B; 80 ) . 

Sy;-_1pto;:-1s i::1 young chrys C'.11.th.:.::::1w:.1 cut tings include p r,l e 

chlorotic C!.rc2s on t he l cc..f tips, l :1.tcr spreading 2.nd turning 

bronze and ne croti c ( 15) . 

l e ( 69 ) describ0d t ouat o spotted ·wilt virus (TSWV) ns bc:ing 

M iso;:il'J tric pn.rticlo 70-90 nr:1 in di~cmetor 1 with 2 thcnJal 

inncti v2_tion point of 40- 4-6 C, 2. l ongcvi ty i n vitro of only o. 

7, 

fc:w hours nnc'c .:i. dilution end point of 10- 2--1 0- 3 • Ho nlso r eports 

that TSWV h.:i.s a wi de host range nnd i s :10chrmically trnnsnissibl e , 

a lthough di f ficult t o purify . 

Spre:ad of TSWV in t he fic.ld c on occur by i.J.CCTlS of tho thrips 

ve c tor ( 109), :-:1 thou0h cfficiunt insect c ontrol a.nu r oguing of 

younc infoc t2d cuttings could acc ount for t he. virtuc.l d i s2..ppo~tronc c: 

of' thi s virus in c o;-:1r.10rc i:-1.l chrysCLntl10_:mn c rops in the r-Jruw.w2.tu . 

1 • 1 • 5 Lem 1.Iottl0 Group 

In 1952 Hoord2.;-1 ( 97) r e ported t he presence of chrysru,. thoo.un 

virus B (CVS ) infecting chrysrmthenums i n Hollmd, which g2vc 

ch l oroti c l oc al l esions when se.p i nocul f'. t cd to Petuni ri. hybrid o.. . 

Electron ~1icroscopic cxa:"Jination r e:vcal cJ t he presenc e of 

rod - shaped particles c :1 . 600 x 30 nn . Syrapt oos observed i n 

infected chrysanthc..uurJs included both flower and l eaf nbnorr.1c1.li tie s . 

Later work by Brierl ey and Sm.th (1 9 ) i n the U. S . l. showed the 

presenc e of 8. s i mi l ar virus which .:i.lso gave chl or otic l esions on 

P . hy brida . They c oncluded t hat 1Joord3D 1 s virus B wo.s pre s ent i n 

n nuober of c ultivars and was r e sponsible for ca us i ng a di sease 

they c all ed chry sant~oo.UD o.os3.ic . 

The flower syoptons attributed by Hoord:m to virus B wr:ffc 

also observed by Hollings (46) in England but the presence of 

T/..V in nost pl ill'lts studi ed nade the effect of virus B on 
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chrysanthemurJ. flowers difficult to determine . Subsequently 9 

Hollings (48 ) reported that vi rus B was seldom i sol ated from TAV-

free chrysa.nthe211wns r;i th flower abnormali tiGs . In these few 

instances he attributes the flower distortion to cold weather 

during bud openin3 rather than virus B i nfectio~1 . The l eaf 

symptoms in many cultivars prompfod Hollings (48) to suggest the 

nams mild mosaic for the disease caused by vir'-ls B. 

During studi es on chrysanthemun1 vi rus B Hol lings identified 

a further virus, chrysa.-rithemurn vein mottle which gave chlorotic 

lesions on _P . hybrid a and of similar particle size to that l ater 

accepted for chrysanthemwn virus B ( ca . 700 x 17 nm) . However ~ 

vein mottle was distinguished from virus Bon the basis of host 

ran6e arid the failure of virus B strains to afford cross 

protection (48). Chrysanthemum vein mottle also differed from 

CVB in tha t graft inoculation to t h:::: CVB- infec tcd chl-ysanthemums 

' English Blazing Gold', ' Pink Mi s tletoe ' 9 
1 Penrod 1 , 1Balcombe 

Perfc:;ction 1 311d I I mperial Pink ' , gave severe l eaf mottl e symptoms 

after 4--11 ...-,ecks 9 ancl no local l es ions d2ve lo ped on Vicia faba L. 

when inoculc.:.t,,d with chrysilllthemurJ. vein mottle ( 48). 

The justification for such a distinction on thesG bases could 

be questioned 9 at l east until further characterisation is conducted 

and serologj_cal studies made . 

In 1958 Brierl ey and Smith ( 22) distinguished 8 mosaic viruses 

in the U.S. A. on the basis of slight difference in lesion developmen~ 

on P. hybrida~ symptom expressi on on the grafted ' Good News ' 9 

1Mistletoe 1 a'1d 1:D,Jnamo I chrysanthemuri1S 9 and apbid transmission 

charac teristics . 

Similar differences in symptom expression in naturally infec ted 

chrysanthemums aDd in inocul ated plants led Hol l i ngs (57 ) to suggest 

the formati on of a leaf mottle gr oup 1 comprised of chrysanthemum 

virus B~ chrysanthemum vein mottle , chrysanthemum necrotic mot tle , 

and chrysanthcmll!:i dvmrf mottl e, all of which had rod- shaped 

particles ca . 700 nm long aDd gave chl orotic lesions on P. ~ybrida. 

The possi ble inclus i on in this l eaf mottl e group of Brierley and 
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Smith I s mosm.c vi r uses and Keller I s virus Q ( 78 ) , which also gives 

chlor otic l oc a l l esi ons on P. hy bridc.'. ( 19 ) could r asul t in up to 

13 diseC1.ses of clTys2nth8rnums bei::1g 2,ttributed t o viruses of the 

l eaf mottl e group . 

Studies h.<:.ve shown th2.t "chrysanthemum virus 5 11 i. e . one of 

the le ;__cf :;iottle gr cup, is sorologically r el ated to the c arna tion 

l a.t ent virus and 1Jotrito viruses S ancl l! ( 42 ) , and s e1·ologic2.l 

tes t s h2,,ve bJtoD USQd by sevcrr..:.l vrorlrnrs to de t e c t ' CVB I i n 

chrysa.vithcmrnns ( 40?99 ) . 

The v:1.ri, tbili ty of the ST...nptom expressi on i n naturally 

infec ted chrysant hemufl'ls (48 ) ? test culti v.::i.rs ( 22 ) ru1.cl i n inocu1'1t ed 

P . hy bri d:, ( 48 ) 0:::.kcs the possibility of these l e,rr mot tle viruses 

bei n5 r ol o.tea. to 1 or even s trains of c:b..rysanthemum virus B? a 

feasib l e proposition . Fer the purposes of this study 1 the viruses 

i n this group wer8 c onsi dor ee . .:1s one cnti ty Cl.11.d no D.ttempt wo.s made 

to di s t inguish t:1.e c onstituent c omponents of the l e::i.f mottl e group . 

In 1970, I-rollings and Ston"' ( 61) reported uriusuo.l l em sympt oms 

i n ' Gol den Sw1da11.c e ' chrysanthGmurJs . These included l co.f f l ecking 

cmd chlm·otic :::·pott i ng 7 tho 12.ttcr 8.r eas becomi ng necrotic ::ind 

falling out, caus i ng a "shot- hol G11 effect. 0-D grafting to 
1Mi stle t o8 ' and ' Good IJcv/S 1 , severe ve in mottle symptoms developed . 

El ectron microscopic ex 3.ll1ino.tion r cvc2.l cd r od- shaped p2rticle s 

e n . 700 nm in l ength 1 of the vei n mottle type . 

The re;L:1.tionship of this 11 chryse.nthemum shot- hol e 11 virus t o 

chrysanth,:mUL1 voin mottle is not lmowti i but it is possible tha t 

t he symptoms expressed in infec ted I Golden Sunda11.c e I could be due 

to 8. hypersensitive r eac tion to chrysanthemum vein mottle , or 

tha t vein mot tle is one c onstituent of a mixture of viruses 

acting to produce t he se symptoms . 



1 • 1 • 6 _QJ·1rysa---ithemum Virus Q 

Another virus infecti ng chrysm1themums 3Ild c ausi ng symptoms 

on P. hy brida s i milar to the vein mottle groupi is chrysmit hemum 

virus Q. Thi;;; virus r;as originally reported by Keller ( 78 ) and 

1 o. 

w.__,s first S8en in the cul ti var 1 BlErrlchc 1 , where symptoms of severe; 

l em distortion 2.nd v.rhi te leaf fle cking were i nduced when sympt omless 

1 Bl anche 1 ','.''.ls grafted to stunt- infected chrysanthemums . Gr afting 

stunt-infe c tccl chrysaYJ.theraums to ' Bl nnc~1e 1 gave mon, severe stunt 

symptoms and suggested the possibili ty of a symptomles:-=i virus in 
1BlC1.i1.che 1 whi ch :.:i.c tcd syncrgi sticall y wi t h stu..Y1t to cause the l Gaf 

distortion ill1d flc c ld.nc symptoms . 

Brierley and Smi tl1 ( 19 ) nnd rhllcr ( 89) compared CVB ond vir u s Q. 

and conclud.•,")d thn.t ci thcr CVB vras 2. mild for,11 of virus Q; or virus Q 

',!3.3 3. compl c.:x involvinc CVI3 as one of its constituents . 

L 1,7 Cln';/silllthr:aw-.1 StLmt * /* :* /"f..· :·* /*: S/* 

Th;:; fi.rst rGpo:d of chrys ,,.nthe~u;n stur,t was by Dimock ( 29) in 

-c:12 U.S. A. in 194 7 . Tlls disease was first thought to be 3. 

physiologicc.l }:;:'feet of' continuous vcgeto.tive propagation rssulting 

in degeneration o.nd debilitation. i'. Dcuteroqyccte fungus was also 

sug3ested a:J t~w c 2..usal orgilllism, but further investi gations revealed 

no :i..~elnti onshi p between thG fungus and stunt symptoms (79). I n 1949 

Brierley anci Smith ( 16 Y 17) r eproduced the stw1t. syndrome through 

graft and mcc!18.Uic8.l transmission fro.,1 chrJsanthemum to chrysanthemilll 

and suggested that s tunt was c aused by a virus . Studies by Keller 

( 79) showed that al thouc;l'l stunt wo.s highly infe ctious there were no 

sutisfactory loc a l l esi on hosts . The most reli~ble i ndexing 

method involved grafting to 'Mistletoe ' chrysanthemums) where 

di s tinctive v,hi t e spots and flecks (measles) de veloped after 

6-8 weeks . 

Symptoms of chrysEmt hemum stunt have been reported in several 

countries including Holland (97) ) England (51) and Canada (80) and 

the disease is undoubtedly present i n most countries where 
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The symptoms of clirysantl1emum stu.,.vit c an vary wi th the cu l ti vcr 

infec ted and time of y 2ar~ with symptoms be i ng more easily 

:re c ognised during periods of rapid gr owth - i n the summer a.'1.d 

spring (109 ) . Three die.gnosti c features of stunt inf e c t i on i n 

c:1rysanthcmu,"ll.s hr:.vc been descr i bed ( 51 , 79, 80) . 

Thr, nhol c plant can be up to half the no:rr:13.l size, with 

l e;avc:::: ctnd ir:.ternodes proportionally s1:12.ller . The pl ant 

does not appo2,r d8f or r:isd) mcr~ l y r ed uc ed i n size . T!lis 

differenc e in size.. is particul arl y noti c eab l e during 

rapid forcL1G of the pl ci..r1ts 1 in c ompar i son with heal thy 

pl ants . 

Flowers on infe ctod plan ts develop 7 -1 0 d ays e ~lier than. 

on healthy plants . 

The fl ower s ar c smaller than usua l . 

Other fl orrer symptoms 7 including bleaching of darker flow0red 

cul t i vars~ have been r cpor tGd c l t hou,:;h the bleacl1ing is usuall y 

cm.tire rathe::r t han. s tr0.:i.ku, as i s often the c as2 'Hi th TAV- infected 

flowr:rs ( 18 ) . I n some instances, po.rti c ul2.rly with winter 

glnsshousc c rops, stur1ted pl ants may fail to flower becnus e of 

their r educ ed vigour ( 15) . 

Some chrys ant he:num cul t i v'.ll's have been found to give di sti nc ti vc 

l Gaf sy:11ptoms when infc: c t ed with stu._r1t, o.nd thes e have been used as 

test plants . 

1 Vi bra.---it I o.nd I Soagu l l I g i ve li6 ht pin- point f l e c!ci ng 1 month 

aft!.]r graft--inocula tion, and 2- 3 months after sap- inocul2.tion wi th 

stunt ( 79 ) . 

' Bl azing Gol d 1 g i ve s a diffuse yellow veining i n the young 

l eave s 9 6-8 weeks after gr af t - i nocula tion ( 15) . 

1T1Ii s tle too I produc e s disti nc tive ch l oi'otic l eaf f l e cki ng when 

infe c ted vvith chrysanthemwn s t unt (1 8) . 

Virus Q- infec ted ' Bl anche ' g i ves pr onounced l eaf di s t or t i on 

when i nfe c ted with chrysanthemum stuntj and was used by Keller (79 ) 

. i n h i s s tudi es of chrysanth emum s tunt . Ee f ound t hat the l atent 



)eriod in 1Bl ::t.."lche I could be reduced from 3-5 months to 2 months 

by removing most of th'J l eaves above the graft union. 

Hollings ( 5 ,, ) reported tho..t symptoms similar to those 

described by K2ller (79) had been observeu in chrysanthemums i n 

12 . 

Engl211d since 1952 , IIow2ver 1 the causal c:igcnt of st1.u1t in these 

pl a"lts was lesE; infectious than th8.t described in 1.::uerica. 

Furthermore, I-lo lling,: was able to e limin'_tte stunt from the English 

c hrysMthcmums by hc11t treatment a result he was unable to achieve 

with 11 1:..mericai1.ri stunt . He also reported. an increase in the 

incidenc e of tl12 ;; /.merica.YJ.11 stu..Dt in England and attributed tl''...is 

to t he increase in popularity of chrysanthemum cultivars bred in 

i..mcric a ( 51). 

Serol ogic a l studies (51 , 79) have shown n lack of serological 

activity of p repacations frora stunt-infected pl811ts ond this fact 

combined with work on purification of th0 causal agent of stunt 

(52 9 67) have l,:::d Hollings to hypothesise that the c ausal agent is 

not a virus, althou6h Ucl."\Y properties sti.gc;0st this (113). Using 

extraction i)roccdurss si:nilar to those used by Diener and Raymer 

(28 ) in their c lmrRct0risation of pot3.to spindle tuber, Hollings 

a':ld Stone ( 61 ) hn.ve succ ce:ded in cxtractin.,~: infectious material 

similar in icroperti0s to potato spindle: tuber ( 28). Incubation 

of the infe c tious extract with ribonuclcasc destroyed infectivity ~ 

the inf cc ti ve p::cincipl8 was not prectpi tat1:;d with 8% polyethylene 

glycol plus 2% HaC: 5 anci no virus-like particles could be seen in 

e l ectron nucroscope exau1inati ons of infe ctive preparations. 

These results support th8 possibility that chrysanthemum stunt 

1virus 1 is an uncoated ~ucleic acid (61). 

1 • 1 • 8 Other 11 Viruses 11 Infecting Chrys~mthcmums 

Most of the other r eports of virus-like diseases of 

chrtJsanthemums involve the occurrence of symptoms in_ a few 

chrysanthemum cultivars 9 and much still r emains to be established 

on t ~1e distribution 9 preva lenc e and characteristics of the c ausal 

agents . 
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Factors influencing the identification of these c ausal 

organi sms as virusos 1 include thG variability of symptom 

expression in di:[fercnt cb.rys11nthemur.1 cultiv ':irs , e . g . " shot - hole " 

symptoms in ' Golden Sunda.nc-3 1 , the possibility of strains of a 

virus giving difforent :reactions on tost plants; e . g . TJ.V , and 

the presence of 2 or :-:ior<-' virusss 'J.Cting toget~1.2r to give 

distincti v0 syr:1pto:•1s different to those caus ed by the c onsti tucnt 

viruses 9 e . g . chrysa.YJ.themwn stlmt raott l c . 

Until t~w conditions of Koch ' s Postul ates ar2 satisfied as 

far as is possible; with obligate parnsi tes. the identification of 

these organisms must remain in doubt . 

Some of these virus e s or virus-like organisms r eported to 

infect chrysa.nthemum.s but about whi ch li ttl2 i s known, c..rt:: 

rc:c orc1. r.;d below. 

Chrys anther.aurn. stunt mottle */*:*/-¥.·:-¥.·/*:S/* 

Symptoms i:1 c:::irys:mtht?mUEl of vein mottling :: vein clearing 

and occc.sj_on~,l l c:cf distortion. a ccompanied by pl:l.nt stunting 

were descri bed by ~clsh (115) . H..: a lso showed th,1t t~lc c n.usetl 

agent c ould be g:c:::.ft tr:msni ttcd ::ind propoBed th3.t the lack of 

,:::arl~r flov;oring symptoms) togi:.:ther with leaf mottling symptoms ., 

distinguished t~·1--- disease fron chrys ~nthcmw., stunt: and he 

proposed the 118.Jl.e chrysanthemum stunt mott l e . SrJith (109) 

howcvory lists chrysanth8mu.m stunt mottle as~ synonym for 

chrysnnthcmun stunt 9 ancl it i s poss ible that the presence of 

one of the l cnf mottling group ~ together with chrysc.mthem.um stun.t 

c ould give the symptoms described by Welsh . 

Chrysant hemwJ. l a.tent "virus" * /* * / -3/..- * /* S/* 

This "virus" is apparently rare in chrysa..11.themwns i n England 

and has not been recorded in the U.S.~. or Europe. Symptoms on 

P. hybri da arc similar to those 0xpressed by Tfi.V , but the "virus" 

does not go systt,li1ic . Latent " virus" differ s from the l eaf 

mottl e group in host range, physical properties, and is not 

aphid transmitted (48 ). 



Chrysanthemur,1 ringspot ;1virus" * /* */* */* s/-i<-

'i'his was first reported by Briorl ey ::md S;l1i th (20) in t:1e 

U. S .1 •. ,vhen some cul t i v::rrs d cvc loped l a rge I chlorotic ring 

patterns . T:1c, caus al a.gent was show~'l to be graft transmi ttod 

but not ~phid- born0 . Grafting j_nfcctcd pl G.n t s to I Good News 1 

resulted i n yellow spots developing ::tf t cr G weeks and yellov1 

blotc:i.ing with li.: ·I distortion nftcr 6 montl,s . Sympt oDs on 

Son"ci o crucr!.tis D. C , j_nc luded s c ver2 d\1,_1rfing, but ·,t t cmpts to· 

seperatc th:c c o.u3r,_l ::gent f r o!:l tha t of cllr y s anth0r;iwn GtLmt failed 

t he two ·,1c:rr:1 a l n::tys :fom1tl together - and it is possiblJ thslt 

symptoms on .§.:..£~uentis \'!,Tv the: rosul t oi' n. mixed i nfecti on ( 20), 

~To vector for chi.,YG 3.nt lLrn.WJ. rings pot h2..s b·- en r e: :'.)or t ccl ( 102 ) . 

Hollings ( 50 ) 118.S reported Gi mil::lr symptoms i n a few 

chrysanthcmur.i::: i n Englc:md and he lv..s c alled thz., co.us 2.l cl{;ent 

';'l1i 3 11 virus 11 i-;.o.s bocn r eported in :foll,:m,l by J:Joorda.r.1 (97) 

b\.,;.t vms found in only ono plo.nt anci no f;,i_rthc.r re.ports have: b\.,en 

--,1adc . Th.; i nfcc t~(l plnnt showed ;-:iott l L1t,; ar!d ci:i:-cul.'.ll~ spotting 

on tho l oav es~ vii t:1 slj_ght distortion of t h, flrn,s rs. Sap 

i noculati on to .!'_,~1J bri Ja gave 0 r ey ne c rotic spots, charac toristic 

of Tl.V, and ,?.J. so concentric ring 10:sions. Systemic sympto,1s 

includ2d ringspots a:.n.d yollow- whi tc line p·.:i.t t erns . 

Chry sm1thcE1ur11 nvirus 11 D * /* * / •~ * / * s/* 

Symptoms of flower distortion on chrys:::mthemumG , s i milar to 

those c auscid by T1.V 9 Wc;re r eported by Prentic e (1 02 ) . Inoculation 

to Chenopodium .9.!llc.\I'nnticolor Cos t e , c: TI0yn . g:,vu J. i :::;ti n cti v0 

chlorotic and ring loc a l l e sions after 3 weeks. Le.ter work by 

Holling s . ( 51) sho\"iC:d thE'.t chrysanthcrnUt:1s infected with Et mixture 

of 11 virus 11 D o.nd. vein not tle: 9 when gr o.f t ed, to 1 Good Hews 1 
5 gave 

symptoms of l oo..:f ,:,ottling 9 f l owe r distortion a."ld flore t ne crosis 

with in 6 - 8 wcclrn. I n New Zealand, chrysanthemum 11 virus 11 D has 

be en r e c orded i n the chrysQ.Ilthemum caltivars 'Poach Blossom ' 

and 11.ctr c ss ' ~ by Thompson (11 3 ) . 
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Chrvsanthcr:iw!l "virusn E * /* * /* * /* S/* 

Th i s 11 virus" hns been r "portcd in Engl and by Hollings ( 46) 

a.rid c::1.uscs sympto,.:.s sir.ri.lar to thos e induc ed by vi r us D, including 

raduc tion iE flower size and shor t tene,;lod f l orets often tightly 

pacKcu in the centre , Flor1c r s can be blcachoc. and !!l'.lY fail to 

open . Gr::,ftinc to 1Bl 0lzing Golc1 1 , ' Good t,·:vvs 1 8.cid 1T:1is tletoc 1 

all E;i vo sii:'li l 2.r synptoas of l o .::.f mottl i n:;, and no ve c tors have 

been rcportod for tl1is ·virus (105), 

Chry santhoi:1un ro Dcttc group */* */* */* S/* 

Bri erl ey ac.d SDith (22) reported the presenc e of a group of 
11 v:i.ruscs ;i infecting chrysa-11.thomur,1s wln ch, when gr nfted to the 

cultive1.rs ' Good 1Tcv!S 1 ::.nd 1Golden 111istletoc 1 g:ivc y8llow mottling 

and l c,f dvurfil-:g, sorac:tirnes acc or::ip::i.nicd by rosetting, 

The first d i s,,.:Ls1.: i~1 this group ,.vas ooscrvcd in the cul ti v gr 

1 I vory Scag1J.ll I c.ud the cnus--::.1 ~ent c ould be r8 -isolo.tec1 to 

chrysenth\.. DLUns f::.~0,.1 inocuL1t2d S,cruentis pln:.'lts which rem.1.ined 

c:,v,~,-"t()Y1-1 "'''' ( '1 OQ ) -v .. ..__1..1 · 1- ..... ............. 0 I:en1p ( 80) repo:ctcd [t d if_,;;:2.sc s i !lilci.r t o 

Ivory Seagull :c· os.:,tto in tho cul ti v,xr 1Wilson~ White 1 
• 

T;-1e 0L1.cr dis'-'c:.s'-~ in this group, Yellow Retyonc:nt c rosott8,. 

was fin;t obsorv'"'d in tho cu l ti var 'Ye l l ow Ro.yonante: 1 b;r Brierley 

and S;:J.i th ( 22) , Tlicy consider\.;d ti-1~,.t YE::llow Rnyon~te rose tte 

differed froD I vory Ssa.gull ros"ttc i n that rc-isol:J.ti on from 

inoc ulated c irn):r-ari a pl ants was not possibl e, 

ChrysGnthonUfil chlorotic t10ttle 

Chl orotic mottlo 1 f irst reported i n the cultivar ' Yellow 

De l nware 1 i n 196 7 by Dimoc k and Gcissinger (30 ) c au sed mild 

mottling of the young l eav es 1 often followed by gener a l 

chlorosi s and dwarfing . Delayed flower development was a l so 

noted . Frequentl y the s e sympt oms were only tr;:insient . 

c ausal organism wo.s shovm. to be gr aft t ransmissibl e) and 

e l ectron microscopic examination of i nfected sap fai l ed to 

s how any virus-like particles (30,31). 

The 
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Sowbnnc ;_1osaic virus 

Hollings, Stone nnd Boutt"'lli (6.'). ) have r eported th"' pri2scncc 

of n virus se-rologicc:.lly r e l ?.tc,cl. to sowb2110 nos :-'.ic virus nnd 

carnntion 689 virus in 26 out of 29 English chrysrnth0nur.1 

cul ti v:crs, .:md suggest thnt pollc:,n tr"'.Ds::1ission of t !1-.: virus 

n<1.y occur ( 58) • 

J..notl1er vi:cus 9 siDilE'.r to sowb81c aos2.ic virus 11::,.s been 

r -::port "c.l i n the chrys':'nth0uw1 cul ti v·i.r I Ros" I-L:xrison I which h::-,c1 

uncle:rgone hc~.t tr0.0 .t;1C.nt emu Lkrist c:.1-tip cul turc . Purifil.d 

prcp'"'.r::,tions of thia virus c ontE'.incd iso...ie:tric pRrticlos 25-30 nn 

diOLJ.c.,tor> .-,nd go.vc local l '--sions follov,ocl by systc:;.,ic ::iottling 

2-.nu c.istortion synpto:-.1s in Chcmopodi1.u quinon Willd. Ttis virus 

w2s not found to be s-::rologic:1lly r e: l ::'.tccl to sowbcmc riosaic virus 7 

but cxhibi tod tllc s::uc property of b'--ing c:. i:fficul t to tr::u131.1i t in 

crud'-- sap 9 fro.1 chrys~~th,:·1u..'. to Ch .. .:nopocliun SPPi but in p::i.rti 2.lly 

pu.rific d 2.;.1,1. c one c~t tr:J.tc(1 pre p:>.r'"'.ti ons t::-~:.11sr.d.s sion to Chtmopodi un 

spp w~s possible (58) . 

Th-.; s.::i..lic~1.t f e2.tur t;S of this rcvicn ·1.rc listed ill to.blc:s 

1 end 2 . 

Table 1 is "', sur.1nP:1.ry of virus or vi:rus-likc ort;nnisns occurring 

ne.tur::i.lly in chrys2.nthc:.1U:.1s~ incluc1.int'.; synonyus, ncthods of 

trm1s,:.issi0i1 9 :--nc". the:r3.py of infC; ctvd pl.-:,_nts . 

Tc.blc 2 is a sUI.m2.r;y of the:: propcrtic s of the: thrl.)c no.in virus 

or virus-lik;,, diseases occurring necturo.lly in chrys~'.nthc;:1ur.1s, 

viz . ton2.to -:--.spcr:.1y virus 9 chryso.nthc~w-.1. stunt CL."l,~ viruses of 

the l ee.f uot tl0 group . 
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TABLE 1. Viruses ~,nd virus-like organisms occurri ng natur8.lly 

in chrysanthcmuns; synony"1s~ nctl1ods of trm1smission 9 

and therapy of infected pl2.:1ts . 

Virus or Virus Group 
- Syno-::_y: ·,:, 

Tnms:!li ssi on* Thcrn.py·,<-• ,' 

YELLOWS GROUP 

l..i.:1_oric ~i,_ f'lo,Rr distorti on ( 11) 
l.zt --:; r ycllovm vi ru,_; (83) 
- C::h2:'YS 8:.1thci.'.UI'.l .fOlLms virus ( 95) 
-· CI·st_';/s 2.1° ::~,c: .. lU r;1'c0n flower vi r u e ( S 1 ) 

LEJJ .' : IOTTL:i:; C:-ROUP 

c:::c:ys::1ntl°_ 1...; .. ~:u.:.·_ •:ii-·t1:.:; .w 

Shry::; -,n t~~2 .. 11x 1_ L:JilC::. mos"1i c virus 
-· _,oorcl·-L,1 1 s c:,1:-i.';:,· .::':'.;itl1cwUL virus }3 

c~·1:..."J1 s::-nt~1c:_u __ t d·;.,-._.:--f :~ottl.:; 
Cln7"'e1~t~·.o,~u...1 ;.1c.,;:, '.i c virus g roup 
c~·,rys :1.n t 1,2r-n.-c::. nc c1~ot j_c nottlc 
- Cl1rys2?: t: 1,,. _,_1::1 11 s:1ot - hoh. 11 

Cl:::~Js :.nt:1,.:. 1u;·, -.·,__,i~ nottL .. 

CBRYSJ.l:~';:EI.'ITJ.: VIRUS C 

c: iliYS /.J'TTHEI.IIJ]1 L1/2:S~rr;, VIRUS 

CctRYS/..:TT,..;E1':ITJ.1I RJNGSPO'i:· VIRUS 

- Chrys2..11tlh>1u:.: ringpc.tt "' rL virus 

C:ffiYS /JifTHEI,TI.J7.i ROSlTTE GROUP 

Ivory Seagull ro ;:;,_• tt f; virus 
Ycllor; R:J.y oi:.ant c rose tt e. viru::; 

- Irnrnor c hrys rn-1thc;:;li sp . nov. 
Chrys ,"llt:.10,nw:i stunt nottlG 
ChrysnnthcDu,.1 chlorotic ::nottlc 

TOitiATO 1.SP:S..'R:'IY VIRUS 

ChryscU1tht:IJ.llli7. raosnic virus 
- Lycopcrsicon virus 7 
Chrys :-i.n.ther,1wJ 2.s permy virus 
- J.spcrmy flowe r distortion 
- Cucw'Jis virus 1 str3.in chrys . 
- Chry-sa.'1thesw:i virus J. 

( 97) 
(40 ) 
('1-3) 
(57) 
(22 ) 
(4U) 
( 61 ) 
(48 ) 

( 9 7) 

( 102 ) 

( 51 ) 

(43) 

(20) 
( 50 ) 

( 18 ) 
(22) 
(29) 

( 79 ) 
( 115) 

(30) 

(G) 

( 4) 
(6) 

( 109) 
(46) 
( 97) 
(97) 

G- . (12) 
(' 
.T • . 

1 . ( 1 5) 

G. ( 51 ) 

C· . S . 11. . (97) 

G. S . ( 61 ) 
,_, . s .1.. (22) 
(} ~ s . ( G 1 ) 
G. ( 61 ) 
G, S , J,. (48) 

s. ( 97) 

G. S. ( 51 ) 

G. ( 109) 

s . (4o ) 

,-;. . 5. (20) 

G. S . (22) 
G. S. ( 22) 

G. S. (79) 

G. S . ( 109 ~ 
G. (31 

G. S . J •• (63) 

G, S .J.. (46) 

Chrysn.nth,UULl rJild mottle (114) G. S .L. (114) 

Ii . 
H. 

!1 , 7 I . 

'!7 
J _;, 0 

H + Li 

TT ,,• 
- - • _j 0 

TOJ."ViATO SPOTTED WILT (18) S,Th , (69) H. 

( 21 ) 
( 109) 

( 111 ) 

( 41 ) 

(22) 

(55) 

(60) 
(62) 

( 1 4) 

~55) 
91 ) 

( 109) 

* G. 
s. = 

= graft tr::msEJ.ission 
sap trmiso.ission 
thrips trans1J.ission . 

L . = leo.f-hopper tr2.nsois~ion 
1,. = aphid tr::msmission 

Th . = 

** H. = hot nir treatment M. = neri stem-tip culture . 



TABLE 2. Sorae chara.c t~ri stics of chrysanthcmwn stun t , t01.1c1.to iJ.sper r.iy vir us nnd virus es of the 
l eaf mottl ~ group . 

Charnc t c,r i s t ic 

CryptoG1~nr:1 

Syrap t or1s on 
chrysanthemums 

Diagnostic 
species 

Physic al 
propertie s 

Chrysanthcmur.1 s t unt 

:r-- /* * / :r-- */* s/* 

Stunting, co.rl y f l ower i ng , 
bl ca.ching in darke r flov:crs 
( 51 9 79) 

' Mi stl e toe ' - y 0llow l eaf fl eck 
2-8 r:1onths mtor g ro.fti ng 
(79) 

TIP - 96 -1 00 C 
- 2 - 3 

DEP - 10 -1 0 

LIV - 55 d nys@ 21 C 
(79) 

Particle Possi ol u unc oa t ed RNA 
ch o.ractori s tic s pnrticle 

(60, G1) 

Control Heo.t - 14-37 we eks @ 35 C 
t hen ncris t en-tip cultur e 
(60 , 62 ) 

Toi12.to o.s pc r ,~iy virus 

n/1 */* s/ s s/1.p 

Fl owur distortion 
(4G~9 7, 108) 

?T . g lut i nOS8.-le ':'.f !JlOttl e 
C. ·m:i.rci.ntic ol or-d ot l c ,i ons 
P . hybriu a-l ~') af nottl c 
' 37 , 4G,63) 

TI P - 50- 60 C 
DEP - 10- 4-1 0-·5 

LIV - 2- 6 d ::i.y s 
(63) 

Rlf /,. - sing l e s t rcm.d ed (? ) 
i s oractric 25 - 30 run di am. 
( t~2 . 65 114) 

He::i.t - 4 we eks @ 37 C 
or mcr i:Jtom.-ti p culture 
(1 4, 55 , 91) 

Loctf mottle group 

* / * * /* E/E S/ 1 .. p 

0ccas i orw.l l c .-:i.f mottl e: 
or le ru f l eck 
(1 9, 43, 57,97) 

P . hybrid ci.- yol l ow loc a l 
l es i on s 

T. cxp211s::1- yellow l esi ons 
'1 9, 48,89) 

TI P - 65-70 C 
- 2 - 4 DEP - 10 -1 0 

LIV · - 24 h ours 
(48 , 97) 

Rod - sha ped particles 
c ::i. . 700 x 17 rm 
(48 ,61) 

Hc o.t - 8 we eks @ 37 C 
or mcri s t eLl- tip cult ure 
or bot h 
( 41 ) 

co . 
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1 • 2 CHRYS AlJTHmrrm VIRUS SITUA'i'l OF r:;_r HEW ZEAL.Alm 

Ther ,c: is veyy li ttlo infon1a tion published on the vi ruses 

pres,::;r1t in clirys::,.nthl:\mums i i.1. N'-'w Ze2.l 2,.nd . Tonato ::i.spermy virus 

~2.s bee!l recorded ir: to:.:i.atoes i n rkw Ze2.l:1.nd (11 3) and Di ngley (32) 

lists TAV as iE:fecting c!'l.rysanthGmwns in Fev, ZrJaland . 'I·ho;ns on 

( 113) has :;_•c:)ortcd the d8velopm.:!1t of symptoms ..:,ttributed to 

chrysm1tlh''.aU.Ll vi:cus D on sap inocul ::·. ted C. arn?,r3.rltic ol or leaves . 

'J'hese resul tc vr"'re obt~-tined wi t:1 inocuJ.citions fro.c.1 two chrysanthemum 

cul ti ,,ars ~ 1 :?ee.ch Bl ossom 1 illlLl 1 Ac tress 1 • 

·r:1~ introcluction of cul ti vars from overseas, and the preval enc e 

of virus iafec tion r eported overseas, (54:.97~99) purticul2.rly of TAV1 

chrysanthemum stux1t m1d viruses of the l eo.f mottle group~ suggest 

that these viruses in particulo.r c ould bo present i n cul ti vars 

1 . 3 03J:CC'i'IVES OF STUDY 

A study of viruses naturally infecting chrysanther:1ums was 

un.dertaken to d0terminc : 

'l ) c. tt.c incidenc e of viruses in chrysanthemums grown c ommerc ially 

for c ut-flO\rcrs in the :.Ianavratu; 

b) the identity and charac teristic s of the more c ommonly occurring 

viruses i n chrysanthemwns in the :.Im10.watu ; 

c) approaches t o c ontrol of the viruses found i n chrysanthemums 

i n the Manawatu, based on the general met:.1ods of chrysanthemum 

virus c ontrol outlined i n chapter 6 and the virus characteris tics 

determined in this study . 
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CHAPTER 2 . 

GE:'.-JERAL SURVEY OF CHRYSANTHEr.'lUl'JI VIRUSES 

I EFECTI NG CHRYSANTHEMUMS rn THE I•,:Al{~NATU 

2 . 1 TOMATO ASPERMY VIRUS 

2 . 1 . 1 Visual Survey 

ExaninQtion of a number of chrys3.nthemwn cultivars was mC1.de 

to dcterr.iine the incidence of sy,i1ptoms nttribu tcd by over seas 

workers to virus infe; c tion . The plnnts excunincd w0re gr ovm as 

a c orm:18rcial cut-flower crop o.nd the chrysanthe:mums vrere pl 811t ed 

i n blocks of 4 rows at ::1, spacin::; of 6 " x 6 11 • 

population of ca . 1000 plants/LW yci.rd block . 

This gave~ plant 

Ttc r esults of the vi sual survey of chrysanthemums made to 

determine the incidence of f l ovrer distorti on symptoms nttributed 

to TAV arc shmm i n tabl e 3 . 

2 . 1 • 2 I ndexing fo r TAV 

An indexing p:-ogr am was undertaken to determine the extent 

of symptoml ess TAV i nfection (46) and to confirm that the causal 

organism was TAV not American flower distortion, whi ch gives 

s i milar flovrer distorti on symptoms in chrysanthemums . 

The plants to be indexed wer e se l ected by using a table of 

random numbers (93 ) to de t ermine the distance (in y ar ds ) be tween 

samples . From eci.ch srunple plant) 5 l eaves wer e taken from 

vari ous positions on the plant to e liminate t he influence of any 

erratic virus distribution within the plant (46 1 99 ) . 
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TABLE 3 . Incidence of TAV in chrys.:::.nthcmums in the Mn.nawatu as 

detsrm.ned by symptofil ~xpress i on . 

Chrysa.~themUB cultivar 

' Madrune E. Rogers ' 
'Shantung ' 
' Fred Sho5s:'li th 1 

'Alec Bcdscr 1 

1 Sunburst ~/k; fo 1 

' Golden Favorite ' 
1Rivalry 1 

'Snowshine ' 
' Dark Dawn ' 
' Red Kitchener ' 
'Suss ex Amber ' 
' Sussex Pink ' 
' Pink Pride ' 
1Loul a 1 

'Apricot Pride ' 
1 E3.uvc Davr:1. 1 

' Bessie: Rowe ' 
' Vi ol et Kitchener ' 
' Yello1·1 1'.1adonn:--., ' 
' DurhnrJ. Glow ' 
' Purple r.1ayflowor ' 
1Regnlia 1 

1Glorietta1 

' White Dawn 1 

' Bronze Shoesmi th ' 
' Ethyl Edmonds ' 
' Festival ' 
' Kathleen Dowd ' 
' A~ber Perfec tion ' 
'Maestro ' 
' Sampford ' 
1Y e llov, Dawn 1 

'Beige 1 

' Copper Queen ' 
1 January Gold 1 

1Mistle toc 1 

' Ni ghtingale ' 

Number of plants with f l ower 
di stortion symptoms ( per 1000 plants) 

76 
75 
68 
30 
24 
23 
22 
21 
16 
16 
15 
16 
15 
15 
14 
13 
12 

9 
9 
8 
8 
8 
7 
7 
6 
6 
6 
6 
5 
4 
4 
3 
0 
0 
0 
0 
0 
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Eight S8.t'-;lphis were t2sted frou each cul ti var . Loaf' disc s were 

trituratcd in 0 . 033M l!'.:l2HPo
4 

+ 0 . 05 DIEC A (sodium diethyl­

dithiocarbamo.te), pH 7 . 4, and rubbed onto c arborundum-dusted 

l •2 aves of 2 plants each of :a . glutinosa, C. amarc1r~ticol or and 

P . hybri da ' Ros e of Heaven '. 

The presenc e of TAV was shovm by the dovolop• ont of smal l 

ye llow---whi t e loc G.l lesions on C. n.1,1a.ranticolor after 4- 6 d:tys 

(47 9 49 ) 1 di.ffuse chlorotic l esions on H.glutinosa after 7- 10 days 

fol l owed by systemic mottling a..'1d l cof distortion 8.f t er 2 weeks 

(46) 9 and diffuse chlorotic - gr ey loc al l esions within 1 week on 

P .hybrida follow ;.:;d by systemic mottling and distortion ( 46) . 

The se symptoms distinguish TAV from American flower distortion . 

Resu1 ts are s~·10vm in tabl s 4 a..Yld 5 . 

TABLE 4 , Incidence of TAV in chrys~mthemwns in the ?.Im.1.aw£1.tu as 

determined by indexing to selected indicator hos ts . 

Chry s 2.11. t h -.::1:1um Indic c.tor hosts 

cultiva r 

Visual 

symptoms 
C . am'.:':.ranticolor I:~ . glutinos a P . hybrid 2 

1 Mada11e E . Rogers 1 

1Shantw1.g 1 

1 Fred Shocsmi th 1 

'Suss ex Pink ' 

' Sus sex Ambcr 1 

1Dark Davm 1 

1 Pink Pride 1 

1 MauvE; Davm 1 

1 Apricot Prick 1 

1Regalia1 

1 White Dawn 1 

' Festival ' 

1 Eth;yl Edmonds 1 

' Mistle toe 1 

1 Nightingal e 1 

1 Copper Queen 1 

2 

1 

1 

1 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

~ 

2 

2 

2 

1 

2 

2 

1 

2 

2 

2 

1 

2 

1 

1 

0 

* Figure s are plant nun1bers/8 sampl~s . 

2 

2 

2 

2 

1 

2 

2 

1 

2 

2 

2 

0 

2 

1 

0 

0 

2 

1 

2 

1 

1 

2 

1 

0 

2 

0 

0 

0 
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TABLE 5 . Compo.rison of symptor.1 ::JXpression and indexing t e sts 

for do t crmning the i ncidenc e of TAV in chrysanthomUL1s 

in ths Manaw·1.tu . 

Chrysan themu:n. 

cultivo.r 

1Sha.ntun0 ' 

1 Mad ame E . Rogers 1 

1Apricot Prid"' ' 

Symptoms 

of TAV 

4-l<-

2 

1 

* Figure s 3.r c pl "..YJ.t nUDbor s/20 sor.1plus . 

Indexing t ests 

for TAV 

5 

5 

3 

A Vlidc- v :J.ri ::1tion in the SC;ve ri ty ot symptom expre ssion was 

obs ,::rved i;,1 t his s urvey of TAV i1-1fccted chrysanthe1:1.uru3 and this is 

in .:i.gr c.;e;:i,. n t r-ii t i~ ov c: r su1s r c 9orts ( 37; 46 ) . A conscrv.'.lti v e; 

esti::i-1te of the incidenc e of flower syl'.!'1ptons a ttributed to TAV 

(97 ~108 ) is shmn1- i n t ablL 3 . J'he pr esence of T f..V in chrysqnther:iu.us 

showin:; thes G flovier distortion symptoi.1s \'ms c onfirr.ied by indexing 

tests ( tabl e 4) a.'1.d sympto;:u c s::.i TAV infection wo_s obs erved in 15 

of the 16 cul ti ve..rs t ested 9 again c onfirL'1ing overseas r esults 

( 46, 69). The low S3.Dple mlf.'.lb or ( 8 pl Mts per culti var) vms 

n oc e ssi t a t ed by tho lEJ.ck of glas shouse spac o 1 and t able 5 shows 

the r esults of further TAV indexing t ests using 8. lo.rge r srunpl e 

si ze (20 pl 2nts) and r educing t ho nur.ibc r of cultiv~s s e l e cted . 

The s e r e sul ts showed th2.t 10% of thu plants t ested were 

symptomless c o.rriers of TAV . 



2 . 2 C}IBYSAIJTBK,".LJM STU:UT 

2 . 2, 1 Visual Survey 

nw results of the vi sual examina tion of chrys::inthenUBS, 

at fl owcrin::; tir.1c; 9 to dotorEd.ne th-: i n cidenc e of ploot s tunting 

·:.nd 08.rl y flowering symptoms attr ibut0d to chrysnnthemum stunt ; 

arc show:n in table 6 . 
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TABLE 6 . Incidenc e of c hrys3.nthcmur.1 stun.t in chrysa,_"lthemums in 

the Manavmtu as dctcrr:linc.:d by s ynptor:1 expression . 

cul ti vo.r 

1 Shem tunr, 1 

1T,lctdc"..:;ic E . Rog2rs 1 

' Fred Shoesr:lith ' 
' Bronze s:1.oc s::1i th 1 

•·J,pricot Pri::,( .. ' 
1 1-i.lec Beds e r ' 
1Durh:-'.Ll Gl ow. ' 
' Pink Priclo ' 
' Mnuv\:: D::wm ' 
' Sussex Pink ' 
' ~thyl Ednonds 1 

' Bessie Rowo ' 
1Ko.thl2 en Dond ' 
1Gold~n Favorite ' 
' Red Kitchoner 1 

1Rivo.l ry ' 
1Yellow D[i\'m 1 

' Violet Kitchener ' 
1Regccli2 ' 
' Amber Perf ection ' 
1 Snowshi nc 1 

' Ye l low iv'iadon..11.9. 1 

'Sunburst Mcfo 1 

' maestro ' 
1S ampford 1 

'Purple ifayflowe r 1 

' Copper Queen ' 

NuI:ibcr of plants shov,i ng 

stunt symptoms (per 1000 plants) 

40 
39 
32 
24 
22 
20 
20 
17 
16 
16 
14 
12 
10 

6 
6 
5 
5 
4 
3 
3 
1 
1 
0 
0 
0 
0 
0 
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2 . 2 . 2 Indcxi n6 for Chrys::inthemum Stunt 

Al though tl:.c stunting a..n.d early f l oweri ng symptoms arc 

i ndicnti ve of stunt infec t i on, i ndi:Jxing for chrys::mt her:i.um s t unt 

wets ur1dcrti..~.irnn to c onfirm the pr8senc ,, of the ce.usal orgcmi sI:1 . 

mid to detcn~d.nc the: incidence of sympto,nl ess infection of stunt 

in cbrys::mtl1c11U1J.'1S in the ?ii.'l.n.a',vatu . Pour pl :mts were selec ted 

fro:.. each cul ti vc-..r, using random number tables ond tht:v <.o were 

cut back to 3- 4 buds on c ~ch laterc.l shoot . The plonts wer e 

then transferred to the 512.sshouse w~1erc t hey were gr oHn in 

9 11 1 plantGr ' b[J{,S . Two furtlwr pl ant s 7 showi ng symptoms of 

stunting nnd early f l oweri ng v1er0 a l so se l ec ted . 

Se::v,:ral r;1ethods of gr['.fting hetVi:J b1.:Jen used in indexi ng for 

chrysanthcow:1 stunt, includir1..g 2.ppro3.ch or ina:rch grnfting (6 7) 

211d splic~ grafting (15) . 

In this study 8. uodification of :3rierLy .'.md Olsen I s 

t echnique '.'ms us -ed ( 1 5). Virus - t est...,d* ' rlhstl0toc I scions wer\:. 

grafted to scvor c.l of the young dcve;lopir.1:; l::i.tcr:J.l shoots to 

pr ovide rc~lic 2tion . The spl i c e - grafts wer e r:1ade clos e to the 

l atcr:.,l t i ps 9 before: se c ondary thi cken.i ng developed and the s c ions 

were hel d i n plac e with grafting tap-: ensuri ng tha t the c :..~'1bi o.l 

layers of the s c ion <=>nd the s t oc k c oincided (fi g . 9) . All cuts 

Herc nadc vri th ?. flc...r:ted s c a l pe l to mi n i mise cross-inf~c tion . 

Grnfted pLmts were then placeu under Dist for 10-1 4 days befor G 

bei ng t r ::,nsfer red t o t he glasshouse . 

The presenc e of chr ysant heoun stunt was shown by t he 

dev e l opncnt of ch l oro t i c-whi t e fl e ck i ng on the young ' Ihstl c t oe ' 

l eaves within 6- 14 weeks (79) ( f i g . 10). The r esults are shown 

i n t ables 7 and 8 . 

* The s ourc e of the virus -tes t ed 1!1istle t oe 1 ch:ry s ont hemUL1s was: 

'.I1hc IJuclear Stock Associ a tion (Ornament a l s ) Ltd . 7 

Littlchampt on 1 England . 
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TABLE 7 . I ncidenc o of chrys 2..nthemm1 stunt in chrysm1thenwns in the 

fiianawatu as dcteroined by graft-indexing to ' mi s tletoe 1 

Chry:::; an tl1.c::.1u.:.:1 Visual stunt Stunt synptoms Hw-.1bor of sy,nptom-

cul tivar synptons on 1Mi stl s toc 1 l c.;ss plants 

1 Sha.'1.tung 1 2-lE- 3 1 

1Mada.Lle E . Rogers 1 2 3 1 

' Fred Shocs:_li th 1 2 2 0 

1 Apricot Pride ' 2 3 1 

'Pink Prido 1 2 2 0 

' Ethyl Ednonds 1 2 3 1 

1 Bcssi G Rowe ' 2 2 0 

1K:::thleon Dov,d 1 2 2 0 

1Rcg::tli a 1 2 4 2 

' Copper Qu2 2n 1 0 3 

* FigUJ.'2S Gre plant nu:.1bor s/6 sa:iplcs . 

Tl.BLE 8 . Couparison of synpton expression and. indexing t osts for 

doter.Jining the incidenc e of chrysantheu.ur:: stunt in 

c hrysH11ther:1uns in th0 Mano.we.tu . 

Chrys 2n thomw:i. 

cultivar 

' Shantung ' 

' Mada; e E . Rogers 1 

'Apri cot Pride ' 

Nw:i.ber of plan ts with 

stunt synptons 

3* 

3 

2 

* Figur8s arc the number of pl8Xlts/20 sanpl es . 

Hwuber of plants with 

chrysanthowum stunt 

13 
11 

8 



Chrys anthcmu.:.i stunt s ympto;:1S doscribsd by Ke ller (79) 3.Yld 

Hollings ( 51) v;erc obs" rved in 22 of' t he 27 cul ti ve.rs c,xamined 

( tr-tble 6) . 'l'hcn. we.s 3, widG vari '.:ltion be tween cul ti vars i n 

t h0 incidence: of s tunt sy ·.1p tor.1s ; wi t ll up t o 4% of son.:: cul ti v ars 

showing synpto:-1s . Graft - indoxing with ' Mistle t oe ' confirned 

thtj pres1.,;nc0; of chrys 'lnthcoun stunt in plants showing synpto:as 

and showc,d that syi:1pto.::1l ess inf c>. ctior.. occurred i n 6 of the 10 

cul ti vars exa:nned ( t ab l e 7) . The incidenc e of synptou l e; ss 

chrysnntht:,.,lli l stunt inf8ction i s shown in tabl 0 8 9 wher e a 

l ar ger nw-:1bcr of plcmt s ( 60 ) were; i ndexed f r o:--J 3 cul ti vars . 

Fifty per cent of the i ndexed plants gave a posi tive r eaction 

for chry sar1thGr.1w:.1 s tunt 9 a l t hough stunt syn ptoras wer ..: observed 

in only 13% of tho index ed plants . 

2 . 3 LEl.F MOTTLE VIRUSES 

2. 3 , 1 Visunl Survoy 

27 . 

Sym.ptor:1s of l eaf IJ.ottling were observed in chrysanthemU.fils in 

the M:mawatu, but only in very low nwnbcr and i n R f c;w cultive.r s 

(6 out of 20 ) (figs . 11 _ 12) . 

T/iBLE 9. Incidonc c of l 0af oo ttling symptoms in chrysanthonuns 

in t he Man aw.J.tu . 

Chrys on thcnu.:-.1 

c ul ti var 

'Shantung ' 

1Loula 1 

1 DRily Mirror ' 

' Rivalry ' 

' Waltz Tine 1 

1Wi lli aTI Duckhan ' 

Lem sy:::1ptoms 

vein clearing 

chlorotic nottl e 

ch l orotic r.1ottl c 

chlorotic nottle 

ch l orotic r.1ottle 

chlor otic mottle 

,.-.~ 

I,Tumber of pl nnt s 

showing syr;iptoms 

6 

1 

2 

1 

2 

2 



28 . 

The v 2.ri >1.bl c n.'.lture of these syr,1ptoms ( t'.lbl c 9), sGcn .:-ninly 

in young pl::mts or young growth 5 c 11st doubts on the eff ectiv0n ess 

of s ynpto:-:1 ...:xpressi on o.s a i'.18c.ms of dctc:rnining the incidence of 

the; l e:u r::i.o ttlc g roup in c hrysanthonur::i crops . 

2 . 3 . 2 I ndexing f or Lc:1f Mottle Viruses 

Ele c tron .Jicroscopi9_ exatlinati on of sap fro:1 t :1c l eaves 

shovring leaf nottlo syr:1ptor1s r eveal ed the presence of rod-shr'.ped 

particle s c o. . 700 x 15 nE, , typic s.l of t he l enf .Jottlc g roup 

(fig . 13) (40,44,48) . 

Electron i.ti.croscopic ex a:.ti.r..o.tion of l e af- dip srnplcs fr oD :1. 

nur:i.ber of chrysanth .... ,.1UI., cul ti v :.,r s rms used to d,1,, t er 1~ti.n8 t llo 

incidenc e of th--- lc'.1f nottlc group of viruse s in chry sa .. Yltho::11-LJS 

i r. t he Han "',rm tu . 

R2.l'ldo;_1 se l e c tion of 10 L :2.ves per cul ti ve:r \ms nndo using 

th:; nuthod outlined i n ch[:ptcr 2 . 1 . 2 . S .::.p wo.s expressed fro1:.1 

each l eaf i nto 2-3 drops of 1% phosphotungstic acid (PTA), 

using a spotting plat8 as o. r:1ortnr and et soall glass rod 

( 2 mu dicu,1c t 0r) cs a pestle . L drop of " extract" was 

transferred .-rith c apillary tubing to :-:tr1 e l e ctron microscope 

grid . /J t c r the exc e ss liquid h ad bc3n r e~ovod with filter­

pape r strips~ the grid was dried o.nd cx ~-nncd using a Philips 

EM 200* Bicroscope:; at a wagnific a tion of 18 1 000 X. 

If no particles wcr ~ obse rve d within 2 filinutc s , the l e o.f 

was a ssu:ted to. b e free fron viruses of the l eo.:f r.1ottle group ( 40) . 

Results are shown i n t able 10 . 

* Trade name . 



Tl..BLE 10 . I ncidence of th.:: l eaf nottle viruses in 

chrysc0nthenu.;-:1s i r .. the Mc..:.r'J.nwo.tu ns dctcrni ned 

by l euf-dip electron sicrosc opy . 

Chryso.ntheDU::-1 

cul tivar 

' Mo.dru-.. ie E. RogGrs 1 

1 Fred Shocs,ai th 1 

1 Sh3lltu.ng 1 

1Suss 2x Pink ' 
1 Suss ex A_;1oer 1 

' Rival ry ' 
' Ethyl Ednonds ' 
1 D3.rk Dawn 1 

11.pricot Pride ' 
' Pink Pride ' 
' Bessie Rowe ' 
1 R,Jgali ,..,_ 1 

1 Go l dc,;_-i F2.vori te; 1 

1 lTighti..ng.'.lh , 1 

1 Bronze Shocs,,i tr: 1 

1 L.lec B2dser ' 
1 Gl orie tta ' 
1 Vial tz 1.rinc 1 

1Willi e..r:.i Duckhaii1 1 

1 l~~bcr Perfec tion ' 
1Snowshine 1 

' Viol e t Kitchener ' 
1K'1thl cen Do"Nd 1 

1 Loul 2. 1 

' Daily Mirror ' 
1 Mauve Davvn 1 

'Yellow Da\'m 1 

Fur..ibc:r of pl ants with r od 

partic les present 

~ 

8 
8 
8 
7 
7 
7 
7 
7 
6 
6 
G 
5 
5 
5 
4 
4 
4 
4 
3 
3 
3 
2 
2 
2 
0 
0 

* Figures are plant nwnbers/1 0 Gru~pl cs . 

29 . 
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Sau inoculation t o P . hy bricb fros sel e cted chrysnnthenun 

cultive.rs knovm t o c ontmn rod- shaped pRJ'.' ticles of the l eaf nottlc 

group, u s ing 0 . 033II lb2HPO " + 0 . 05:J DIEC !.) pH 7 . 4, g.J.v e the 
-+ 

r esults pre s ent0d i n tc,blo 11 . 

·rJ.BLE 11 • Confiruati on of t l1r, idr.;~1ti ty of rod- sh2.ped p .::::rticles 

seen in chryua.YJ. t hcL1ix-:._1 L :;::.v es by i noculnti on t o 

P . hy brida . 

Chrysan t hcnus.1 

cultivar 

1Sh ont ung 1 

1 Fred Shoe S'.TL th 1 

' Lfadaric E . Rogc1's ' 

'Sussex Pink ' 

Pr2senc c (P) or absen c e ( 1.) 
of rocl - shapec1 p8.rticl es 
in chrysru1thcr,1w.1 cul ti vars* 

p 8 
J. 2 

p 8 
I. 2 

p G 
1 .. ,, 

• r 

p 8 
1. 2 

p G 
1. 2 

* Sa:rrpl e: nw:.1b Gr of 10 p l mits/cultivci.r . 

Synptons 

P . hy bri da 

3 
0 

2 
0 

2 
0 

3 
0 

1 
0 

on 

Synptons of l eaf uottling~ nttributed t o viruses of the l eaf' 

Bottl e g roup (48 ~97), we re observed in only n f ew pl8Ilts (tC!.ble 9) 

s uggesting t hnt virus0s of the l eo.f Bottle group 2r c present in 

chrysanthonu.w.s i n t he Mnnr'.vmtu . El ectron nicroscopic l cnf- dip 

exaoinntions r cv e 2.l ed the presenc e of rod- shaped particles 

c a . 700 x 15 ru:.1 of t he l e af' mottle g roup (57) in 24 of the 27 

cul ti vars exonined ( table 10 ), with sev erc:l cul ti vars being 

h e avily i nfec t ed . 
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P . bybrid n inoculated with chrys c.nthc:-1w:.1 sap containing r od ­

shaped particlus, dcv0 lopod ch l orotic l oc :1.l l es ions ::i.fter 2- 5 weeks . 

Sy::-,ptons die~ not develop in those P. hybrido. inoculated wi tD. s:.:1.p 

fror.i chryc r1..Dthe:c.1ua1:: where rod- shaped particles were not observed 

( t8.blo 11 ) • Thos-J results con firuod t hat the rod-shcped particles 

vwr o infecti v \., virus particles of th~: l oetf uo t t l c group . The 

orr :::tic dev'"'lopl.1ent of chlor otic loc :-,1 L,sions on i noc u l 9.ted 

P -~w brida, d:.w to the. 11.dverso conditi ons under which the pl a11t s 

wc r G g rown , 8.Yl.d the occ asiona l dove l opm.:nt of 1aottling c aused by 

Tl.V i nf'oc tion, Go.de l eaf- dip ex,J::i.in::i.tions for the pre s ence of rod­

shD.pccl l os..f :-.:10t tle pe,rticles c'. raor e effici ent ri1othod of indexing 

fo:c viruses of the l eetf 3ottl e:. group . Hakkcmrt ( 40) has al so 

sho\'ln t hn.t e l e ctron microscopy i s ackqu CJ.t o for l o;J.f r:1ottl 8 

i ndexing . EO'.': :cvcc. 9 one: dro.wb2.c t of this t echnique i s that 

difL;rcnti ~.ti.on betm:cGn the v ::.:rious l c'lf uottl2 viruses - ve in 

o.ot tlc, d·:1'.l:cf ,_iott lc 9 necrotic .:ottlo ·md virus B - is not possi ble, 

but fol' routine i ndoxi nG 1 thi s i s not i riport:mt be; c :.ms,., of the 

si1ailo.1~ prop\.)rti e;s of th-.1 viruses i n the l oc7.f :..10ttlc g r ou p . 

Rod- sh~•.:;-;cd p,"l::'.'ti c lt,s were obscrv-:cd ii [\ nur:1bc r of 

chrys,i.ntheDw,1s showing flower di s t ortion synp t ons but in all 

C'.3.ses , Tl..V rms nlso present; ;J.11d o.lthough ifoor da.n (97) de scribes 

f lower o.bnor_.12.li ti cs i n chrysanthcouns infected with chrysnnthenur.1 

virus B, ind.ic .".ti ons n.r .:; tha.t virus,_s of tho l oetf nott l c e roup 

found in t hG II/Iancwmtu do not c ause signific ant flov:cr 

abnoro.ali tics , confirr.ling oversec.s r esults (48) . 

2 . 4 OTHER CHRYS J,.NTHEMUM VIRUSES 

JJ.. though 1:1ost o.ttGntion w:., s g iven t o the r.10.j or virus or 

virus-like organisr.1s infecting chrysanthcmllils, i . e . Tl..V) 

chrysantllenum stunt and the l eaf lllottle group , t ests were o.lso 

und ertaken t o d e: t crEl.ine tho pr3scnce of other chrysmi.ther.1u.-:i 

viruses in chrysanthcmUJ,1s grown in tho Uo.nawatu . 
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Those plar:.ts gr~ci'ti::d with I i'/iistletoc I t o i ndox fo r 

cri..rys3.11.thd.1w:.1 stunt wc-, rc o.lso gr 2.i'tcd with t he cul t ivnr ' Good News 1·x­

in order to tc,st for the; p r esenc e of sc; vero.l ot hur viruses or 

virus- l i k(; org::.ni s,.1s . 1.1 thou6h yellow l o::£ spot sY',np t orJ.s c1c ve l op8d 

in 18 of the 60 plonts grnfted with I Good ifows I thG presenc e: of 

rod - shape;u p .'1:rticles of t h,., l ec.f ;:iottlc group precluded Cl.YlY 

di ngnosis of ei thE.'r chrysc:nt ,wnw.1 vi rus Q (78 ) or chr yst:nt he::n.1i:1 

ringspot virus ( 20) . Synp t oE1s of chrys:i.n thcnw:1 rosf; ttc ( 18 ) 

,:md c hrys2-11thor.1u::.1 vi rus E ( 51 ) wor e not observed on ony of t ho 

1Good Rows ' s c ions . 

S .':!.p inocul ~·.tion of 178 p l 2nts froE 16 cu l t i vo.rs t o P . hy br id.'.1 

fai l 2u to sl1ow sy!.1p toas of oh r ~rs.:111thc::.im.1 virus C ( 97), tor.1at o 

spottE:d wilt ( 109 ) , or ohrysc::21thc:J.u:.1 l ntent virus (.;.8), cmd 

routine s cr:enini; for T!.V by s "'.p inocul :--.tion to C. a12.rc.nticol or 

failed to sher; t1,, prc,scnc G of cl1rys c,nth(,:-.1ur.1 virus D (47 ,11 3) 

or tot1,",to spotted wilt ( tr9 ) . 

Visuc.l cxarJii·w.tion of the chrysc.nthonw.is failed to rcvonl 

syup t oGs of tho r,s ter yd l ows group ( 15) , to::ietto spot tee wilt ( 109 ) , 

chrysanthenun r i ngspot viru s (20L or chr ysant hcmu;::i virus C (97) . 

2 . 5 }UXED VI RUS HiFEC TI OH 

Tho pr esenc e of :::tor e t han one vi r us i n cli..ry sont henuns was 

obse r ved i n D?l1.Y c 2.s es 9 pnrticularly t he c onbinc.ti on of Tl.V ond 

vir uses of the l eaf not tlc gr oup . I n all c ases 1 f l ower 

di s t orti on sy;:.1ptons wer e obser ved bu t no diffe r enc e was observed 

be t ween these sy~ptoms .::tnd those expressed i n plnnt s i nfected 

only with Tf.V . I n no plant however di d TJ.V o.nd viruses of t he 

l eaf nottl e gr oup occur without synpt on expre s s i on . 

* Virus - f r ee pl ant s obtainol1 f r oTI t he Nuc l e2..r Stock Ass oci ati on . , 



Stw1tcd pl "J1ts with c1:i.stortud florn:!rs shown to be infected 

,vi tl:. both chrys'Jntl1c~:-.1u:-_. stunt ::1.m1 TLV -..vc~.:; observed in only 6 

plants . 

Electron ,Jicroscopic c x-:c.:1in::cti :)n of chrysentlw=iw:13 infected 

with chrys.c:'Xlth0::~u:.-.1 stunt rcvc:·2.lc(: the prescl1c ~ of l u '.f ,_10ttle 

typ l': p:u:ticl~,s in 18 of the 60 pl -illts cxc-ninud but no differenc e 

in syr.:i)tOi .. expression 1·12.s obsurv2d when c o::1pci.red to plci.nts 

infectc:d with chrysanth:c:·.1un stunt ,'.:'.10112 . 

33 . 
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CH/..PTER 3 . 

Tmt.TO /..SPEm:Y VIRUS 

3 . 1 SYMPTOMS Qi; CHRYS/JJTHEL'Itn:.IB 

3 . 1 . 1 Natural Infection 

Flower sy:"1ptous vo.ri( d. fr01,l sli ght distortion of tl10 florets~ 

giving and untiuy o.ppco.r.::mcc 1 to scv0re floret tubing 9 tv,isting 

nncl 2 reduc tion in flm·r0r siz0 (fig . 2) . Often the floret 

di storticn wo.s found to be ::.1ore pronmmc cd on orn'c side of the 

flonar 1 producing 211 nl.:-1ost kidney- shecpcd flower . Indexing to 

n . glutinose1. ~1d P . hybrid1J. g:wc syr,_,ptons di ,..gnostic of ·r1.v 
(chapter 2 . 1 . 2) . 

Lao.f syo.ptons 1 including oottli ng 2.nd fle cking, Vier e a l so 

observcc~. in sono pl.:mts showing flower distortion, but subsequent 

electron- nicrosc opic ex,'.:.lin:::tion re;vco..le d the prc.:senc e of rod­

shaped particles typicnl of th, le c:f uott l c g roup of viruses~ 

suggesting thr.tt T/.V doc.:s not pl ay r:.:.'1 inportont part in thl:; 

production of lecu abnoruali ties ( 46) . 

3 . 1 • 2 Sap L10cula tion 

Virus - free ' Mistl e toe I and I C-ood News I chrysanthemw:1s were 

inoculated with sap fro;:i Nic otian:::t to.bacun L. 1 Samsun I pl3nts 

infe c ted with Tl.V originally isol.:ttcd fron the chryse.nthernllii 

1 Mnd~1e E . Rogers I showing severe flov,er dis t orti on symptor.IB . 

It was found that only 4 plants out of the 10 inocule.tcd 

bec ane i nfec ted with T/.V but no flower distortion symptons 

were observed . Back inoculation to 1S3Iasun 1
9 N. glutinosa and 



P . hyb:r·ido. gave.: synptor.:.s die.gnostic of T/.V (figs . 3,4 9 5,6) . 

Rod-sh ipcd p:.c:rticlos charnctcristic of the l eo.f 1.10ttle group 

were not obsorvcl . 

3 . 1. 3 Gr aft Transnission 

35 . 

Scions fron virus- free ' Ihstlctoe ' ::nu I Good llews I were 

gr2ftcc1 o;rto stoc!G::; of chrys::-cnth0u1ur:1s showil1g 3yr.:1pto::1s of flower 

distortio~1 .:1nd giving syuptons di2:gnostic of '11/.V on :~ . glutinos ::-. 

and C. a.ri10.:c2 .. nticolor . /..£tor throe uont:1s; s.::.p inocuL1.tion frou 

the 1Mistletoo I ond I Good IJsws ' s c ions to ~-T . glutinos c-i. and 

C. ar:i.nr.'111tic olor shovwd thclt Tl.V w.::.s present in 17 out of the 20 

scions t2sted . 

3 • 2 SEP 1:8..1.'"r.l OE 

The rcsul ts of the indcxin6 survey carried out on chryso..n th0r.1u..r:1s 

in this study showed that in ::;_:1x1y plo.nts TLV was present o.s part of 

,:.,_ ::Jixcd infoc tionj po.:cticul8.rly with viruses of the l eC!.f ::10tt l e 

group (cho.pter 2) . 

Isolc.tcs of T/.V alom: v1e r o obtained fron ' SC1.L1sun ' previously 

inocul a t ed with sap from chrysa...Y1thcr2ur.1s showing flower distortion 

syopto3s (48 ,63, 79) . 

Zlectron- filicros c opic ox aiination of sap fro11 those 1 Srunsun ' 

plants showing l eaf not tling and distortion c onfirmed the c.1.bsencc 

of any l eaf Dottle group viruses , while inoculation t o N. gluti nos o. 

al'ld C. 3.1.J.cl.I'rmti color and P. hy brid.:-, ensured that T/.V vms present . 



3 . 3 HOST RJJ.;GE JJID SYNIPTOMS 

Ro.r1donly selected l e c,f discs fron the inoculated I Sa:--1sun 1 

(cho.pter 3 , 2) were triturnted. with 0 . 033I:1 Ha
2
HP0

4 
+ 0 , 5M DIECJ., 

pH 7 , 4 , The tri tu.rate wns t h em rubbed vii th cotton wool po.ds 

onto cc.:rborundw-1 dusted l v1ves of th•~ test pl::1.J1t::i . 1..:1.l the 

tests plCL."1.ts rn:,r,:; ro.ised fro;:-i secc:. C1ppendix IV) :: ... nd inoculo.t cd 

at t~1l- 4- 8 leaf stt"'{;c whe:n dos t plants v1erc 3- 9 11 high . 

Controls, inoculL,tcd with buffer solution only, were clso 

included . 

The follov,ing syr.1ptons were observed on plnnts inocul ?.ted 

vri th Tl.V. Re - inoculc.tion t o N , f2lutinosc:i. a.11.d C • .Jflara.YJ.ticolor 

conf'irnod the presenc e of TLV. :Tor:icnclc,ture bnscd on : 

Bci. l cy 1 L. H. I.1mu~1l of Cultiv::.tcd Plmto (1949) , 

l.ntirrhinun no.jus L . 1 Tou Thu;:1b 1 (sr.apdr:-..gon ) . 

Chlorotic spots mfor 3 \'iCCks I l o.ter necrotic . 

C8.llistephus chincnsi s Ecc:J , 1i.;ixed Colours ' (aster) . 

Systenic lec.f' nottle :md flowe:r distortion . 

Capsicun frutcsccr1s L . ' Yolo 1!/onJ.er 1 (sHc8t pepper) . 
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Nil d :J.ottlc followed by ve:ino.l necro::::i s ::md l e::lf distortion . 

Celosi o. a.rgentoo. L. 1Pmnted Ostrich ' 

Fmnt diffuse chlorotic l esions . 

Chenopodiw;:i c1I.1m-anticolor Coste . &: Reyn . 

(c elosi ct) . 

Snall discrete yellow l esions on inoculated l ca.ves after 

4-5 do.ys (fig . 7) , 

Chenopodiun quinoc. Willd . 

Snall discrete yellow lesions on inocul a t ed le aves after 

1 week . 

CucUDis sativus L . 1Money.:i.a.ker 1 ( cucUDber) . 

Loc c\l chlorotic-necrotic lesions on young inoc ulo.ted 

cotyledons o.fter 2 weeks . 



Go1:1phrem'. r,;lobos.'.'. L . 

Loc a l red - brown necrotic l esions '.l.fter 3- 4 weeks followed 

by f'2j_nt syster:iic Bottle . 

Hdichrysu:-.1 br::-.c te:itun /.ndr . ( str::ivlf l ower) . 

Sy:::;tc!:1:i.c leaf nottle and distortion . 

Lycopcrsic or-. ,,sculc.ntun Hill . ' Potontr1.te ' ( tor.mto). 

Severe leei.f ::.!ottl G 9 sligl'.>.t distortion 5 iDhibi tion of 

apica l growth :c<0sul ting i n a bushy plm1t . 

1Ticotio.na cloveLmdii Gr ay . 

37 . 

Yellow n.ecroti c l esions e.fter 7 days followed by i nterveinal 

chl orosis '3.nd subsequent general l ee..f chlorosis . 

Nicoti2..r:.;1. glv.tinos2. L . x Hicotia'1.::c clGvelc-.i1dii Gr2.y . 

F3i.:!_1t chl orotic spots -,£tc.,r 1 week followed by sever e 

systenic u ottle 'J.l1d l e~cf distortion . 

lh c oti2.i.1c:, glutinos~, L . 

Diffuse local chlorotic l 0sions ,cftcr 2 w--eks followed by 

systeuic Dottl e_ severe L.,3.f distortion -i11c1 tendril- like 

leave s (figs . 3~4) . 

Ni c oti '!ll8. tabo.cw:i L . 1 Si.1J.1sun ' ( tobc.cc o) . 

Local chlorotic l esions 8.ftGr 1 week followed by synteDic 

l e:7.f nottle Md di stortion (fig. S ) . 

lhc otiGno. tabacUD L . ' Whi tG Burley ' (tobacco) . 

Loc 2J. ch l orotic l esions niter 1 week 9 followed by systemic 

leaf nottle :ind distortion . 

Pot unia h.ybrida vnr . nona. c onpacta VilD. 1 Ro Ge of He::i.vcn ' (pe tunia ) . 

Diffuse grey chlorotic l esions o.fter 2 weeks followed by 

systeraic nottle ::,nd bleached flowers (fig . 5) . 

Prinula obconic a Hanc e . 

Systcnic leo.f mottle after 3 weeks . 

Prinula neJ.ac oides Franch . 

SysteDic l eaf mottle af t er 3 weeks . 



Sencci o cruenti s D. C. 'Yates Lorge :B'lowercd 1 (ciner ari .::i.) . 

Fc:.int pink tinge appeari ng 2.long t he ::iain 1cm vei ns and 

sli ght pl::.111t dwarfing . 

di storti on . 

Sane f l owers showed pe t nl 

Ts;e tes erec t 2. L . 1 Orange I.lllli 1 (icLrigold) . 

Loc al chl orotic lesions .?'1'tcr 10 d~ys . 

Totr9£o!li .::•. ex p2.nsa rnurr . 1 Evcr l .:i,s tiri..g 1 (;., z 
f; . • spi nach ) . 

Disc r e te loc nl chlorotic/whitc l e sions after 2- 3 weeks . 

Vi gna s i nonsi s Endl . 1Bl ack- eyc 1 (c owpcQ) . 

Loc nl red- necrotic l esi ons o.ftcr 3- 7 dny s but no ThV wns 

rec overed f roa i nfec t ed lenvcs . 

Zinni :-,, e l eg:u.1s V8.I' . da.hli i f l orn Jnc q . (zi nni 2.) . 

Faint systeni c l eaf :·.10ttle .cf t cr 2 week s . 

Ho synptons wc.,r;, observed, nor WG.S Tl.V r e - isola ted fro.:.1 the 

following inocula t ed speci ~s : 

Brassic a ol erac e~ var . c apitatn L. 1 Su cc cssi or- 1 

1 Drur:!lw ad 1 

' Fl ower of Spring ' (c abbage ) . 

Br o.ssic ::i ol erac c2, vo.r . botrytis L. 1 Deep Hoo.r t ' 

38. 

1 Phenomenal 4 I-font h 1 ( c nuliflowcr ) . 

Br assica pekin cnsi s Rupr . ' Chi Hi Li ' 

Cheiral'lt hu s cheiri L. 1P:1ri s i.12rket 1 

(ch i nese c abbage) . 

(wall flower ) • 

Dahlia pinnata C:1v . 1 Unwi ns I denl 1 

Dianthus bo.rbatus L . 

(dahlia ) . 

Heliant hu s annus L . ( sunflower) . 

Lactuc 2 sativa L . 1 Grent Lo.kes 1 

I I u.periel Triunph I 

1Ya t esdc:le 1 (le ttuce ) . 
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Lupinus polyphyllus Lindl. ' Russell lhxed 1 (lupin) . 

Pisuu sativus L . 1Green Feast 1 ( pc,c, ) . 

Vici::i fab3. L . 1 J..tlns Early ' 

1 ColGs Early 1 

1Exhibi tion Longpod 1 (bro ad bGari) . 

Studies on the host ro.nge of TJ.V ho.vc been undertaken by 

sever.'.l.l workers (23 9 37,46 9 97) o.nd L~nor discrepE1.11cies have been 

recorded . Govicr (37) reportGd thQt /.ntirrhinir1 D~jus, 

Seneci o cruentis ::>..nd Vigno. sinensis were not susceptible to 

TI,V, but rcsul ts of this study shovr thnt the three spGcies give 

synptons sini.18.r to thos e described by Hollings (46), end were 

also rec orded 2.s susc ep tiblG to Tl.V by Bri c:dey et e,l (23) . 

Ir1 this stucl~·, l'iowovGr 7 TD! could not be re - isolo.ted froo th(; 

inocul2.tcd V. siner-sis plDnts o.n<i only of tho 3 S. cruenti s 

pl cmts gJ.v12 ::::ynptons of 'I: I.V infec tion . Bri erley e t o.l (23) 

reported th2.t LC'.ctuc2, sc.ti vo. v12.s susceptible to 'I: l lV ) but no 

synptous were observed in this s tudy ? nor could T/.V be re - isol c:ted 

fro;:1 the inocuL.tGd plc.nts . In gener::i.l , however, the host rn.nge 

of TI.V d otcrr.linod i n this s tudy ,:-,_grccs with overse3.s reports for 

TI.V, with sno.11 differences attributable to either the influence 

of enviromac:nt nnd the vnrio.tion in suscepti bility between 

cultivars, as suggested by Govier (37)? or thG occurrenc e of 

different strei.ns of Tli.V as suggested by several workers (63, 70, 

104) , Such biologicru. variants h2.ve nlso been reported to 

other plant viruses (26,27) . 
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3 . 4 APHID ·rRAHSr.11 SSI OH 

N . glut i nos2 i nocul a t ed with i nf ec ted I Samsw1 1 sap was u sed as 

a sourc e of TAV fo r t h8 de t enm.nation of the aphid t r an~rni s si on 

charac teri s tic s . Green peach aphi ds (i.,1 . per sicac ) were r earod on 

Br nssic a pcki nensi s (ch i ncse c abb2£e ) seedlings i n aphid c ages~ 

and t he proc cdur 0s used i n deter mi ni ng t he aphi d transmi s si on 

char.'3.cte:ri s t j_ c s of 'l'AV we r 0 based or,. those outlined by :Bo s ? 

HagGdorn Md Qu::mt z (7) . 

i n t ables 12, 13 '"'nd 14 . 

The resul ts of t hese tests e.re sh ovm 

Acqui sition Thr eshol d 

Thi s i s the :nininur:i tirae ncc 0ss2.ry for e .. v ec tor t o f eed upon. 

or have access to, a virus sourc 8 il1 order to t r a11sr.:ii t the virus . 

Af ter two lwurs starvation, 8.phi ds WLl'G give11 ncc c,ss to 

infcc tc..d s ou.r e c plants for periods of hal f a mi nute: to 60 i.Jinutes 

and tr.:u.1sfcrr8d ( 5/pl a.nt) to hs:, ::-J. thy I'J . gluti nos::.. pl mits fo r an 

i nocu l 'l.t i on- a cc 0ss peri od of 30 minu tes . The aphi ds were then 

ki lled b~r spraying the pl '1...'1ts v:i th ::i. 2 . 2 g/li trc sol uti on of 

TABLE 12 . Ef fe c t of virus ac qui siti on- a ccess peri od on 

t r ci.nsmi ssi on of TAV by M. pcrsic ;:_w . 

N. gl utinosa 

plants 

Infected/ 
Exposed 

Acqui siti on- access period (minute s ) 

0 . 5 1 5 30 60 

The s e r e sults showed tha t M. pe rsicac r equired an a cqui siti on­

acce ss period of be t ween 0 . 5 and 1 minut e to t r ansmi t TAV from 

N. gl u t i n osa t o IT . glutinosa . 

* Trade n ame for Me t homyl. 
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3 . 4 . 2 I nocula tion Threshold 

Follm·r.L.1g 2 hours starvati on ~ aphids wer e given nn a cquisition­

access p1_;riod of 2- 5 minutes on tJ . glutinosa infected with TAV 9 and 

then transf errcJ (5/plant) to h eal thy II . glutinose f or inoculation 

peri ods of bc, tween 1 and 120 minutus before beine; kill ed . 

TABLE 13. Effect of virus inoculation-access period on 

transmission of TAV b~r r.I . persico.o . 

N. glutinosa 

plants 

Inocula tj_on- access period (minutes ) 

Infected/ 
Exposed 

.-· ) 30 60 120 

4-; 
5 

'.l'b.esc r e sults showed tha t c.f t er acquiring 'rAV from H . glutinosc.. 

i-I . pers icae required an inocul3.tion- ac c c,ss period of be tv1e en 1 nnd 5 

minutes j_n order to tro..."lsmi t TAV to ~1 . gl'..ltinosa , 

3 . 4 , 3 Effect of Pre - acqui sition Starvntion 

To de t ermine the eff ect of starvation on the acquisition of 

TAV by iil . persic nc the: aphi ds were s tnrved for periods of 0-8 hours 

before being tronsf0rrt"d (5/pl2nt ) to infected H. glutinoso. for 

acquisition-access periods of 1 Md 5 minute s . An inocula tion-

access period of 30 minutes was pe rmitte d before the aphids 

were killed . 
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TABLE 14 , Effect of pre- acqui siti on starvat ion on transmission 

of T.AV by 1\1 . persicae . 

Acquisition- access N. glutinosa St .c;.rvation Period (hours) 

peri od (minutes) pl ::mt s 
0 2 4 8 

InfoctGd/ 0 2 1/~ 2; 2; 110 110 Exposed ::i 5 5 

Infected/ 5 6 4; 5; 4; 5 Exposed 110 110 5 5 5 

These r t:;sults showed that starvation of M. per sicae for 1-2 hours 

i ncreasC:d th" efficiency of TAV transmssion. as determined by the 

number of iT . r.;lutinosa plants developi ng symptoms of TAV i nfection . 

3. 4 , 4 Tr<'nsr.:iission to ChrysmJ.them1F.1 

Usi ng infcc tud H. glutinosa as a s ource of TIN, aphids 1 after 

s t arvati on for 2 hours, were given 2.n acquisi tion- c.ccess period of 

2-5 minute s before being transferred to healthy 1Mistl etoe 1 

chryso.nthemwns for an inoculation- access period of 2 hours . 

Indexing the chrysa.ntt.cmur.1s shoHed that 3 out of 8 plcnt s bec ::u,i.e 

infected with T.AV. 

Aphi d tr::i.nsmission tests 9 using M.persicae confirmed that TAV 

is non- persistent or stylo t - borne~ in th2t tr::msmission occurred 

after nn acquisi tion- access period of l ess th8.Yl 1 minute (tabl e 12) 

and af t er 5 minutes inoculation- access f eeding (tabl e 13),with no 

apparent l at ent period characteri s tic of persistent or circulative 

viruses (81). Aphid transmission to chrysanthemum, using 

M.per sicae , under experimental conditions, occurred but with l ess 

than 5o% efficiency . Similar r esults have been obtained 

overseas (23,37,46) . 



3 . 5 PROPERTIES IN VITRO 

The o..ssay host used in the determino.tion of t he in vitro 

properties of TJ.V w2.s C. amarantic ol or . In all experi nents , 

4 rcplict\t cs vrere used~ Md control inoc ulettions of buffer 

i,vere also included . Random tiss1.,1c., s;,inples were toJrnn from the 

source plants \':i th a 5 mm cork bor0r . ~he tissue sruupl es were 

tri turated with ::. phosph2tc buffer a t c. r2.tio of 1 1 and 

rubbed with c otton wool pads onto cnrborundwn dusted hnlf - le:wes 

of C. sr.:iar311ti color . LocCll lesions were counted :nter 6-8 days . 

Several sources of TAV .:-:nd several buff0r solutions were used to 

determine their effect on the physic al property dctermin ,:i.tions . 

3 . 5 . 1 Thcrricl In~ctiv~tion Point 

The c o~we:.1tional nethod of detennning the tht:;rrnal 

inactivo:tion point of Tl.V was followed usini; 0 . 033M Na
2

HP041 

43 . 

pH 7 . 3 1 viz . °t'.vo 1 ml aliquots of triturated ti ssue were taken 

for each ter2pe:rnture-trentment and tr.cse r,cre exposed to the 

appr opri~t c temperature for 10 minutes in thin- wCllled test- tubes 1 

and then c ooled in iced water . 

assayed for TAV infectivity . 

The treated sap was subsequently 

T/..BLE 15 . Effect of different sourc e plants on the the rmal 

inac tivation point of ThV. 

Source 
Tempernture (oc ) 

20 50 55 60 65 70 75 80 

1 Samsun 1 4oi<- 110 84 45 38 1 0 0 

N. glutinosa 53 176 148 8 1 54 2 0 0 

1Mistletoe ' 264 217 183 92 49 2 0 0 

* Fi gures are mean lesion c ounts/ half - leaf . 



Infectivi ty was lost whon the triturate wns heated to 70 C 

but not G5 C. · The source of the virus did not npponr to 

inf'luence the therranl inactivation point . 

3 . 5 . 2 Dilution End Point 

The dilution end point of Tl.V w~,s de t ermined by diluting 

infe c ti vo s c.p with a phosprwto buffe r until no i~ection 

44 . 

(i. o . no loc al l esions on C. 2Illc.:.ro.nticolor) were observed (fig . 7) . 

TABLE 16 . 

Sourc e 

' So.msun ' 

1Jlllistle too 1 

Effect of diffor e~1t sourc e pl ants 8.nd buf'fcr soluti ons 

on tl10 dilution end point of TAV. 

3 u.ff'cr Dilution 
( ~-C'.j usfod to 
pE 7 . 2) 1 : 1 10- 1 10- 2 10- 3 10- Llr 10- 5 

0 . 05LI K2IIP0
4 3~ 16 12 4 2 0 

0 . 033:t',1 Sorenson 
Buff'°r 398 258 183 9 4 1 

0 . 033~1 Sorensen 
Buffer 504 69 2 0 

0 . 057Jf K
2

HP0 
4 

40 26 15 3 0 0 

0 . 033n Sorensen 
J3u.ffor 178 86 37 2 2 0 

* Figures o.re moM l esion counts/hnlf-loaf . 

The dilution ond point of Tl,.V in tobacco sap was found to be 

between 10-4 and 10- 5
5 r cg8.I'dless of which buf'fer solution was used 

as a diluent 9 but the Sorensen phosplmte buf'fer (Ha
2

HPO 
4 

+ :m.:i.H
2
Po 

4
) 

g:ive a more disti nct drop in l esion numbers towards the end point. 

In chrysanthemum sc,.p the dilution end point occurred between 10-3 

and 10- 4 when young tissue was used . 1. sharp drop in l ~sion 

numbers was noted in all treatments [,t 10- 3 , with r olati vely f ewer 

l esions appearing at highe r dilutions . 

10- 0 

0 

0 

0 

0 

0 
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3, 5. 3 Longevity in vitro 

Thi s experiuent wo.s desi gned t o determi ne the infectivity of 

T/.V i n ch.cysanthcrrn.ll.'.l and t obacc o tissue tri tu.ra t es . The inclus ion 

of DIECJ. in t he tri turatc was ro.adc t o de t ermine the effect of 2. 

chelr:tting agent on TLV i nfecti vi ty . 

T/J3LE 17. Effe c t of diffe r ent sourc e pl ants 8.rld bui'fcr soluti ons 

on the l ongevity in vitro of T/.V. 

Buffor Time (hours) 
Sourc e ( adjus t ed t o 

pH 7 , 3) 0 2 6 12 24 48 96 192 

1 SR!'.lsun 1 0 , 033M KH2Po
4 

10~ 98 83 42 34 10 0 

0 ,033M KH2Po
4

+ 

0 , 051:I DIEC /. 15 2 301 307 286 302 212 156 

11'ti stlctoe:. 1 0 . 0331-.I KH2Po
4 64 12 G 0 0 

0 . 033T.f KH2Po
4

+ 

0 . 05M DIEC !. 66 30 21 6 5 0 

* Figur es are me811 local l esion c ounts/half- l eaf . 

I n tobacco sap T/.V l os t its infecti vi ty after 48 hours when 

s t or ed a t roor::1 t er.ipc r ature while the presenc e of DIECJ. extended the 

longevity i n vitro to 96 hours . 

In chrysantheL1w:1 s ap TAV lost its infecti vi ty after 12 hours 

at r oom t emperature while DIEC A extende d t he infective period to 

48 hours . 

0 

0 

0 

384 

0 

0 



The rosults of these t e sts on t he in vitro properties of T/.V 

ere sUJn11o.rised and c ompnred with overse2s reports in t nbl e 18 . 

46 . 

/J.. though di fferent phosphate buffer solutions had no eff ect on tho 

r esults of these t -.:stsi the; additi on of DIEC !. signifi c 211tl y 

i ncreased the longcvi ty i n vitro of T/.V i n chrys:.mthemw:1 setp 

( table 17) . This sugg'--sts tho prese:nc c of :, virus L1.:-.ctiv::tor i·-, 

chrysanthern.u:,1 snp . Tho diffcrenc li i n dilution end points 

observed betv,e:en I Sao.sun ' and chrysru1the::nuo sap ( table 16) 3.lso 

sug6ests the presence of such an inxti vntor in chrysantheruwrr sap~ 

whi l e the l ack of inactivation i n t he hent treat ed sap ( tabl e 15) 

could be explained by the heat denaturn.tion of the virus 

i nactivntor~ suggesting the involvcnent of an enzymo in the 

i nactivation process . These r esults are c onfirued by overseas 

\'✓Ork on virus i nac ti vc.tors and t he offcct of DIEC/. on virus 

i nf cctivity . It i s thought th r>.t DIECA ac ts by chel nting the 

c opper necossc.ry for the: qui none- producing polyphcnoloxidase 

ncti vi ty i ::ind thnt the quinoncs inacti vnte the virus by 

c ornbinine with tho vir::ll protei n c o~,t ( 77 i 82 j 86) • 



TABLE 18 . Properties of TAV in vitro 

Sour.cc I Hoordru,1 Hollings 
(97 ) (46) 

Chrysanthemum 10- 3 - 10- 4 1 o-3 - 1 o-4 

1 Srunsun 1 10- 3-1 0- 5 10- 3-1 0- 4 

Chrys :t.."lthc:.ctm Le "'S than -\ ..., -· 
1 Srunsun ' 7-1 4 

Chrysmit hcmum 

1 Sam.sun ' 65- 70 65 - 70 

Govicr Brier l ey Oertel 
(37) ( 13) (99 ) 

Di l ution end point 

1 o-3 - 10- 4 10- 3-1 0- 4 10- 3 - 10- 4 

Longevity in vitro (dnys ) 

2 3- G 6-1 2 

Thcrm2.l i nrtcti vntion poi nt (0 c ) 

65- 70 65-70 55- 60 

Hollings & 
Stone (63) 

10- 2-1 0- 3 

10- 4-1 0- 5 

2- 6 

50- 60 

Lunn 

10- 3-1 0- 4 

10- 4-1 o-5 

{--1 

2-8 

65 - 70 

65 - 70 

~ 
- ..J . 



3. 6 INFECTIVITY 

3. 6 . 1 Buffer Solution 

A number of phosph-:.t(: buffer s h2..ve been used overseas in 

the study of TAV 1 cmd those ::ire oft(m not cl 8.bor2.tod on, other 

than. to cito 1 Pl1osph:-.te buffers ' (38,50,114) , Experiments 

were ther efore undertaken to determine the effect of different 

phosphate buf'fers on the: infecti vi ty of TAV in I Samsu..ri I and 

chrysanthemum 1rllistletoe 1 s ap 7 as de:termincd by local l esion 

develop~ent on C. cJUaranticolor half-leaves . 

Tho four buffer solutions t es t ed wore : 

i) di sodium hydrogen phosphnto (:r,Ta2If.PO 
4

) 

ii) dipotnssium hydrogen phosphnt~ (K2IIPo
4

) 

iii) sodilEl di hydrogGn phosphnto (!1Jci.II2P04) 

iv) So'rcnsGn I s phosphCcte buffer ( 1 : 1 lfa
2

HPO 
4 

: KH
2

PO 
4

) 

48 . 

The r esul ts of the physical property de t erminations (chapter 3 , 5) 

indic at ed the presence of a·virus inactivator i n chrysanthemw.~ sap 

and DIEC A was therefore included in this experiment, the r esults 

of which aro shovm in t able 1 9 . 

In chrysanthemum sap, very little difference wns observed 

in l esion counts between the various phosphate buffers or between 

tho different concentrations of any one buffer solution but the 

addition of DIEC A markedly incrensed the infectivi ty of the 

chrysanthemum triturnto 5 confirming the presenc e of a virus 

inactivator of the phenol type in chrysanthemum s ap . SCTall 

differences were observed between the various buffer solutions 

whon DIECA was present, with 0 . 033M Hn2HP0
4 

+ 0 . 05IVi DIECA? 

pH 7 . 4 9 giving the highest number of local l esions . 



TABLE 19. Effect of different buffer solutions on infec tivity 

of TAV in 1Mistletoe 1 nnd 1 Somsun 1 sap . 

Buffer Lesion Cotu1t s 

49 . 

1Vli.stletoe 1 1 Srunsun 1 

Wo.ter 

0 . 066M K
2
HP0

1 
pH 7. 2 

L, 

0 . 033ivI Sorenson buffer pH 7.2 

0 . 033M Na2HPo.,,, pH 7. 2 

0 . 05M Na2HPo
4 

pH 7. 4 

0 . 066M No.
2

HPO 
4 

p;1 7 . 3 

0 . 033M KH2P0
9 

pH 7. 3 

0 . 066JVI Sorenson buffer + 0 . 05M DIEC A pI-J: 7. 4 

0 . 033M r,Jc;2EP04 + o . 05r,1 DIEC/, prI 7. 4 

0 . 05M No.iiPO 
4 

+ 0 . 05M DIEC A pH 7 . 4 

0 . 066I.I H:'.iiP0
4 

+ 0 . 05M DIEC A pE 7 , 3 

0 . 033:•,I KH2Po
4 

+ 0 . 051'i DIECA ph 7.3 

14* 

20 

24 

26 

32 

36 

32 

29 

188 

148 

152 

139 

* Figures o.ro mean l esion c ounts/C . amarruiticolor ho.lf-lenf . 

17 

24 

85 

138 

165 

135 

109 

124 

361 

307 

216 

182 

In 1 Scrnsun 1 sap tho effect of DIEC A was l ess mnrked but more 

vcu-i ntion w2s observed between the different phosph2te buffers 

with N22HP0
4 

giving the best r esults . The vari ation in infectivity 

between the different Na2HPo
4 

buffers used coul d be due to the 

different pH values . for those Na2HPo
4 

buffer s with pH V'.J.lues of 7 . 4 

showed hi gher lesion counts than di d those with pH values of 7 . 2 or 

7 , 3 . 

ThG p:t1osp:1~te buffer giving the b0st r esults i n turus of 

l t.sion nw.~bors on C. cu:iffi'::-..nticol..or w;.:s 0 .033M -1L,
2
HP0

4 
+ 0 . 05M DIEC A., 

pH 7 . 4 , and unless otherwise stated~ this was used for all snp 

i noculations i n this study. 



50 . 

3, 6 . 2 Prc - inoculnti on Dark Peri od 

Ther e are nuncrous r eports of incr eased susceptibility of 

pl ants to nc cho.-..0.ic ally j_noculc.t ed virus, fol l owing a pr e- inoculo.tion 

peri od in dnrkness (3) . The eff ect of do.rkncss on T/..V l .esion 

devcl oprnent w:::i.s JC;tcrrnine:Jd by comparing the dilution end points of 

T/.V in I So.msun I sc,p using 0 . 03 3H Sorensen buff er 9 pH 7 . 2 ; as 

determined by local l esi on nwnbcr on C. 2r1o..r2.11ticolor wi t h, ~nct 

without prc - inocul ~.tion da.rk peri ods ( t able 20) . 

TllBLE 20 . Effect of a pr~-inoculati on dci.rk period on the diluti on 

end point of TAV . 

Pr-::: - inoculnti on Dilution 

d:-:i.rk p . .1ri od 10- 2 5x1o - 3 10- 3 5x10 - 4 10- 4 5x10- 5 

24 hours light t, 5()l(- 113 51 3 1 0 

24 hours dark 5i:1,4 81 68 4 2 0 

* Figures ci.re mean l esi on counts/ C. runaranti color half-leaf . 

JJ_ though no difference was observ2d in t he dilution end point 

of T/~V fol l owing e. pr e- inoculati on dark peri od~ the lesions 

devel oped 1 day earlier in the dn:rk- trent ed pl ant s 9 c onfirming 

r eports that such treatment i nfluences the susceptibility of t he 

i nocul~tcd plant r ather t hon the infectivity of the tissue 

t riturate (3) . 
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3. 7 NITJLTIPLICATI0N 

The r:-i.te of vi r us incrensc i n N. glutinosa 211d the chrysmit hemum 

'Mistletoe I VID.S dctcrnined by inocul2.tion to C. rut12..rnnticolor a t 

various i ntorv2..ls a.YJ.d the results nre shovm in t2..bl2 21 . 

T/.BLE 21 . The rate of TAV incre2.se in N.glutinosa and 

chrysa.ntherrum ' Mistletoe '. 

Ti!Ile (do.ys) 
Source 

0 3 7 9 13 17 19 21 24 27 30 

1r.'iistletoe 1 34* 58 121 181 186 207 226 205 320 531 t,78 

n. glu ti1 0s2. 30 15 24 40 65 74 123 164 195 221 25 1 

* Fi gures are mc211 locnl l esion counts/hnlf- l em . 

These results indic o.te th~1.t TAV increases 2.t 2. faster r a t e in 

chryso.nthemwn t h~·m i ~1 H. glutinoso. plru1ts . 

Results of TAV infectivity tests by Grogan, Uyemoto and Kimble 

(38) shov, tho.t t he infectivity titre of T/.V in JIT ,glutinos :::, as 

determined by lesion development on V, sinensis (cowpea), increo.ses 

to a maximum after 10 days and then f~lls rapidly until after 14 days 

only o. few loc o.l l esions are produced . /.1 though the results of 

this study (to.bl o 21) show tho.t the virus titre incr eases af'ter 

17 days, the two results need not conflict because of the differenc e 

in sampling me thods . In this experiment, raYJ.dom l em discs were 

t aken from inoculated nnd un- inocul o.t ed l eaves in order to obtain 

an assessment of the virus multipl ication in the plant in toto . 

This would mask any localised partic l e incr ease (or decrease ) in 

the inoculated leaves . 1.lthough it is not stated, Groga.YJ. et al 

(38) probably sampl ed t i ssue only from inoculo.t ed N. glutinosa l eaves . 



CHAPTER 4 , 

Clffi.Y Sl.liTFIEI.IUT.~ STUl:T 

4 , 1 SYTl'IPTOr.IS on CHRY S/JTTHEMUMS 

Chryzant11er,1ur,1s shown to be infec ted with chrysanthemwn stunt 

by graft indexin.:; with 1VI:i..sth:toe 1 wero often stunted in growth. 

The infected plants showing thsse syr:iptoas were usu2.lly up to 

two- thirds the: size of he:-:.1 thy chrys2..nthemums . The otheT 

distinc tive fc,~:turc of chrysonthesu.u stunt infection w2,s the 

ec.rly dcve lopncnt of floners in the: stuntGd plants . Flowering 

occurred up to 10 do.ys earli er thaYJ. in he2.l thy pLmts; 2nd they 

were often sa:lllcr in size (fig . 8) . Flower distortion in 

s tunted plants wns observed in scv0rnl plants but indexing tests 

showed the presenc e of T/.V i n these c nses . 

4 . 1 • 1 Gro.ft Trmismission 
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The 12.ck of et suitable loccil lesion host for chrysanthemum 

stunt has ne c essitated the use of grafting o.s a r:1e:Jns of detecting 

the presence of chrysanthemUiil stunt in chrysanthemums . Sev er a l 

experi Eents were undertaken to determine a. more efficient and 

more rapid method of grnft indexing for chrysanthemum stunt . 

L coflparison was raade be t ween the graf ting technique 

described i n chapter 2,2. 2 and the reciprocei method used by 

Keller (79) and Bri erley and Olsen (15) 9 where infected scions 

were grafted to virus-tested indica tor stock plonts . 



There w2..s no diffcri.mc e i n the nwnber of succ essful grafts or 

i n symp t om. dcv elopment 9 for i n both c ci.ses ini'ected plci.nts gcive 

symptoms wi t}l.i:::--1 6 - 8 weeks when the leaves c.bove the grmt union 

vrcre r er.10v cd . 

4 , 1 . 2 Dcfoli~tion 

T:12 l ,'.:'..tont period for chrysanther:iw:1 stunt i n grLl.fted 

chrysanther.iu;as c ::i.r1 be fron 2-10 ;_ionths (51) > but Keller (79) 

has shovm that in 1Blanche 1 this lateont period c m1 b8 shortened 

to 6 - 8 weeks by r emoving most of the lc::i.ves fron the grafted 

sci on (fig . 9 ) . 

By rcwovinc- ::iost of the l eaves fron on0 of the two 

1Mistlotoc 1 scions g r.'..:.ftcd to o:J.ch infected plc.nt> the eff ect 

of defoli.:::.tion on th" l::i.tunt period of chryscnthcr;:iun stu_.,,-1t w~s 

deterr.lin9d . Thr,:;C; cultiv::.1.rs 9 
1 Sh3.l1.tung 1 , 1Madc.:-.1c :C , Rog ors 1 

G.nd I Ko.thlcen Dov1d 1 ( 5 pl::lnts/ cul ti var) were used ( tnb l e 22) . 

TJJ3LE 22 . Effec t of defolic:tion on the l ntent period of 

chr'Jso.nthemum. stunt in 1IIIistletoe 1 s cions . 

Scion L;:,.tent period (v1eeks) 

Tree.tncnt 4 5 G 7 8 9 10 12 14 

lTUBber of s cions with symptoms 

Dcfolio.tion 2 5 2 5 0 0 0 0 

No defolic.tion 0 0 0 1 1 1 3 3 

The three cultivars uscd, showed no obvious differ enc es in 

symp t om expression 9 nnd these results showed t hat removing t ho 

s c ion leaves ( exc ept for the top 2- 3 young dev eloping l eav es ) 

c onsiderably r edu c ed the l a t ent peri od of chrysantheLlUfil stunt 

in 1Mistletoe 1 s cions . 
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Def oli ation was ther efore u sed i n ::i.11 t ests v:here gro.ft 

indexing for chrysffilthcrn.UL1 stunt was undertaken (chapter 2 . 2 . 2) . 

Aphi d Tr'.illsmi ssion 

Bri erley and Srai th ( 16) r e ported th2.t RhopalosiphW71 

rufomo.cul2.twn Wilson was a v ector for chrysnntheDULl s tunt 9 with 

cm effici ency of 30%, .:md t ho.t occ o.si onal transfer by 4 other 

nphid species c oul d occur . Howevcr 1 in l a t e r s tudie s they 

r e ported tha t these r esult s wer e the r esult of c ontCTD.ination of 
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the c ont rol end t est plMts (the n a ture of which was not discussed) 

3.nd t he.t o.phid trcnsmi ssion of c hryscnthcrnum s tunt wo.s not lmown 

(79) . :i:Jo othGr ve c tor has been r epor ted for chrysonthemUL1 

s tunt (1 5) . 

I n t nis study 9 be e n.u se. R. rufor112.cul:::.tum aphids were not 

:wailable , i.1 . pcrsic 2.c w2.s usod to dG t 0roine tho aphid 

transmssi bili ty of chrys2.nthcL1un stunt . 1..:ftL:r stnrv a tion 

for 2 hours, green pc2ch aphids v:e r e gi vcn ::::.n acquisi tion-ac c <JSS 

period of 5 ~nutes on stunt infec t ed 1Mnd3.De E . Rogers '. ·J1he 

aphids were thon transferred t o 1Mistlctoc 1 plants for an 

inocul~tion- a cces s pe riod of 30 ninutc s . No symptons of s tunt 

devel oped on the 1Mistlc toc 1 pl ants D.nd t hese were disc nrdcd 

mter 6 months . 

4 . 1. 4 Sep TransrJission 

Keller' s Vlork on the prope:cties of chryso.nthemum stunt h o.s 

shoV'm tha t symptom expre ssion following mechanical transmission 

to virus Q-infected 1Blnnche 1 was s ufficiently r eli able t o be 

use d in de t e rmini ng the physical propertie s of chrysanthemum 

s tunt (79) . Snp trans.o.ission of s tunt to t he cultivars 

1Seagull 1 and 1Mistletoe 1 hns also been r eported (10,67) , 
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I n this study I the cul ti vo.r ' Mistletou ' was sel ected bec au se 

of the distinctive f l eck synptons produced when inoculated with 

chry san thenw.1 stunt . 

Plants Vff:rc po.rtiruly dofoliatcd ci.bovc th0 i nocul ated l eaves 

i n order to reduc e the l P..t cnt period of stunt (79) . Three 

chry santheuurn culti v<2rs, known to be i nfected with stunt 9 we r e 

used as sourc e pla.11.ts 9 and rando,:1 di scs of l ,:,::tf ti ssue wsre 

taken to :rJininlis~ the effect of 2.ny une ven di s t ribution of stunt 

particles within t he pl ant . The l eaf tissue was triturated with 

o . 033r.1 Na
2

HPo
4 

+ 0 . 05M DIEC/.9 pH 7 . 4, and rubbed onto c nrborundw:i 

dusted ' Mistle toe ' le 0tves ( table 23) . 

T/.BLE 23 , SJ1'ptorJ expr essi on in 1 I-1:i stlc to~ ' after s1J.p- i nocul ci.ti on 

fr o:J. stunt - infccttc:d chrys ':l.nthe;J.un.s . 

L--1.tcnt peri od ( v1eoks) 
Sourc s 

4 6 8 10 12 14 16 18 20 

::.Jw!lb8r of pl ants with symptoms 

' Mru:lm:12 E . Rogers ' 0 2 1 1 0 0 0 0 

'Shantung ' 0 1 2 0 0 0 0 

' Ka thleen Dowd ' 0 0 1 0 0 0 0 

Since only 13 out of the 36 1r!Iistletoe:: 1 plants i nocula t ed with 

chry s anthenwi stunt 9 deve loped fnin t symptows 9 t he experinent was 

repeat ed using l eaf tissue frow ' Mi s tle toe ' sci ons showing l eaf 

fleck symptoras . I n this experimcmt 1 15 out of 36 ' Mis tle toe ' 

plants developed syr:ip toms . This low incidence of syBpton 

dev e lop,nent i n sap-inocula t ed ' Mistle t oe I l eaves could be 

attributed to the unsatisfactory growth c onditions under which 

the indicator plants wer e grown . 



4 . 2 HOST R/l.NGE /,ND SYMPTOMS 

The long l atent pe r iod shown by chr ysanthomun stunt i n 

gro.ft-:od 11\Iistl:::toc I ha.s l ed to '.l.ttelllpts nt disc overi ng :::i 

sRtisfac tory loc8.l lesion host . Host range studi es have been 

reported by sevcr2l work~rs (9, 10,73) . 

In this study , sap fro;;1 stunt- infec ted ' Fred Shoesui th ' 

and 1 Shantung 1 was triturnt ed with 0 , 033r:i N2.
2
HPo

4 
+ 0 , 05r.'1 DIECJ\~ 

pH 7, 4 , buffer . Inocula tions were then nc..de to c nrborundw:1 

dusted l eaves of three plents of the follo½~ ng: 

1L11.tirrhinu;.1 ,11:.:t ,ius L . 1 Ton Thunb 1 ( snapdr:1gon). 

Calli stephus chinensi s Ifoes . ' Mixed Colours ' (chino. aster) . 

CapsicUD frutE:.s c ens L. 'Yolo Wonder ' ( swe8t pepper) . 

Celosia argent ea L. 1 Pointed Ostrich 1 ( cdosi a ) . 

Ch,.;ir211thus cheiri I Paris lilarkC::t 1 (wallflower) . 

Chcnopodi LG:l 3.1;1c.r3Ilticolor Coste . ~ Reyn . 

Chenopodiu.::.1 quino~ Willd . 

Cucw..~is sativus L . 1 Moneymaker 1 (cucw:tber) . 

Ilc.hliR I Umvins Ide cl 1 ( dahli n ) . 

Goophrenn globosa L. 

Helianthus annuus L . ( sunflower) . 

Helichrysun brs.c teatw:.1 /mdr . ( s trnwfl ower ) . 

Lactuc n sativa L . ' Great Lakes ' 
1 I nperial Triunph 1 

1Yat c sdnle 1 (le ttuc e ) . 

Lupinus polyphyllus Lindl. 1 Russell Mixed 1 (lupin) . 

Lyc opersicon esculentum Mill , 'Potentate ' (tomato), 

Nicotiana clevel andii Gray . 

Nic otiana glutinosa L . 
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Nicotiana glutinosa L. x H. clevclandii Gr ay . 

lhc otiana tabacw-11 L. 1Sarnsun 1 ( tob['.cc o). 
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Petunia hybri da Vilm. var . nan& compactn 'Rose of Heaven ' (pe tuni a ) . 

Pi sum s a tivus L. ' Gre 8n Feast ' (green pea) . 

Prinula obconica Hance . 

Prir.mla rnal ncoides Franch . 

Senecio cruontis D.C. 'Yates Large Flower ed ' (cincraria) . 

TagE:tcs er ecta L. 'Orari.ge Mum ' (africcm no.ri gold) . 

Tc tragonia cxpans2. Murr. 1 Everl2s ting' (New Zealand spinach ) . 

Vicia f~b a L. ' Coles Early ' 

' Exhibition Longpod ' 
1 Atl as En.rly 1 (bro ad bc:m) . 

·Zinni a oL~g,?ns J 2.cq . var . dahliiflora (zinnia ) . 

Keller ( 79) r eported S . crucntis and Dahlia ns giving symptons 

when inoculQt ed with stunt but in this study only S. cruentis 

developed synptons (faint chlorotic-white l esions) af'ter 5 weeks 

i n 1 of thG tr plants inoculated . The failure of Dahli a to 

develop sympton s coul d be due t o the differ ences in the Dahlia 

cul t ivc.rs used or the unsuit~blc environmental conditions . 

Further inoculations to S. cruentis showed that 4 plants out 

of 10 deve l oped syr.1ptons of chrysa.nt he:L1UL1 stunt . 

4 , 3 ST/lRCH LOC J.L LESION TEST 

Lawson (85) used S.cruentis (cinere..ri a ) t o test the starch 

local l esion Bothod for de t ecting chrysanthemum stunt . Such a 

t echnique has t he advo.nt ege of reducing the long del ay involved 

in graft indexing to a sy s t emi c host nnd could provide 2. 

valuable ass ay method . 
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Inoculation was uade to 12 S. cruentis ( 1Y'.J.tGs Large Flower ed ' ) 

when the l oaves vr2ro 5- 6 cm i n width 1 with sap fro::i e'.lch of 5 

chrysanthc:.1w;1 cultivars known t o be infected with stunt . 

Tho i noc ul ated plants weri:. exposed to 24 hours d.::i.rkncss e.f t er 

11 days and thG l eaves ha.rvc stod . Leav,Js W8rc: boiled i n ethyl 

alcohol for 2-3 Tiinutes until bL.nchccJ. eu1.d them steined with a 

solution of 0 . 5% iodine and 2% potassiu.r.1 iodide . After washing 

and dryine? the le:wcs werG exnr.lincc using ba.ck - ill1r.lination to 

highlight staial]d sta.rch deposits . 

The expcri nE:nt was r e;pc.'.J.ted using half- l ec.f inocula tions 

and the l eaves were h~rvested .'.J.t difforent interv als in an attempt 

to re duc e th::: 2 .. .nount of non-specific st3rch which obscured the 

loc a.l l esion:; i n the first expcri;:10nt . 

t abl e 24 . 

The r esults nre shown i n 

TABLE 24 . Chryscnthenw:.: stunt infectivity i n S . cruentis ~s 

determined by stQrch loccl l esions . 

Sourc e 

1 Mauve Dawn 1 

1 Sussex Fri d,.:.. 1 

1MadaL1e E. Rogers ' 

'Sussex Pink ' 

1 Sussex f,aber 1 

Total 

lTunbe r of 

ho.lf - l cnves 

inocul ::i.t ed 

30 

30 

30 

30 

30 

150 

Nill:lber of hclf- l ec.ves 

local l esi on sy0.ptoo.s 

11 d~iys 15 dc:i.ys 

Ir 5 

3 2 

5 6 

4 3 

5 5 

21 21 

showing 

tot2.l 

9 

5 

11 

7 

10 

42 
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Thes0 r esults s...½.owed th.'.1.t the presence of non- specifi c st2.rch 

deposits obscurod the dcterr.lin:-...tion of locd l0sions c nused by 

chr,1s1:nthcnw.1 stunt . No differenc e, in the ,'.1::lount of non- specific 

starch accw.1ul ation was observed b0twccn the l o::i.v cs harvested 

11 days aft8r iYJ.ocul a tion and thos'" h':'.I'vcsted nftcr 15 clc.ys . 

Of the indcxi::ig :.1i;thods for ch:rysonthcr.11.,n stunt cx:J.nine::d i n 

this study tho wost r e li abl e stil l appeo.rs to be graft inocul::ttion 

using 11\IistletoG 1 
9 o.l though this i s far fron ideal. 

4 , t, PROPERTIES I N VITRO 

Tho unreliability of 1Wdstlctoo 1 as A.n indicator for stunt 

when s:1.:p inoculati on is used and the gl asshouse sp::!.cc r equired to 

keep suf'ficieat 1Mistldoe I plonts t o :Jake -my rcsul ts signific 2nt, 

precludcc. 2:-'lY atto.1pt at dctcr:-:iining the physic ol properties of 

chrysnnthcuu:.-:1 stunt in N0w Ze."..lCT1d chrysanthcmUDs . 

Overseas r eports i ndi c ntc t~c following properties i n vitro 

for c hr-Jsar1thernu stunt . 

Tl..BLE 25 . Properties i!l vitro of chrysanth2r:1UIJ s tunt i n 

chrysa.Dthemwn sap . 

Keller 1953 (79) Bri erl ey 1953 (1 3 ) 

Thero.al i ncicti vntion point 96 -1 00 C 96 - 98 C 

Dilution end point 10 - 2-1 0- 3 10 - 5 

Longevi ty in vitro at 21 C 55 days Ll,9 - 56 dcys 

at 3 C 100+ dnys 

at 0 C 1 year + 

Longevity in dired tissue 2 years + 



CHAPTER 5 , 

VIRUSES OF THE LEAF MOTTLE GROUP 

5 . 1 SYMPTOMS OIJ CHRYS1JiJ'THEMUl1S 

5 . 1.1 NQturru. Infection 

Visual obse;rvation of 20 chrysC1.Y1ther:1w.i cultivo.rs revealed 

isolated instnnccs of l G,J.f nottling synptoJs in 7 cul ti vars 

(chnpter 2 . 3. 1) . El ectron nicroscopic exo.ui nation of sanples 

fror:i the s e plants showed the pro s cnc (;; of rod- shaped po.rticlcs 

of the l eaf nottle type (fig . 13) . Sy:.:iptonless infGction was 

"llso observed in 22 cultivars through the e l ec tron microsc opic 

exaL"lination of l eaf- dips . 

5 . 1 • 2 Sap Inoculation 

Sap i noculntions WGro nnde to ' Good News ' from 'Shantung ' 

showing symptons of vein nottling, cmd fron I Rivalry I showing 

synptows of chlorotic r1ottling . Syr;iptons characteristic of the 

l eaf' nottle group (yell ow voin banding, raottling and distortion 

(11) ) fni.lGd to develop nlthough rod- shapod particles of the 

leaf uottlo type were observed in all c ases . The lack of 
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sym.pton expression could be due to the unsatisfactory conditions 

under which t he indic a t or plant s wer e grown; for i noculntions 

made in the winter also failed to produc e symptoms . 
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5. 1. 3 Grd.ft Tro.nsmission 

Grafting plants of 1 Shnntung 1 o.nd 1Regalin 1 with 1Good News ' 

r esulted in the production of diffusu chloroti c l ecu nottle 

syr.1ptons nftGr 2 Donths (fig 11) . Fo observable differenc es 

i n synpton cxprGssion wer e observed betvrncn tho I Shantung ' and 

1Regalin1 plants with l e.'1:f nottle synptous, and those infec t od 

with rod - shnped pnrticlc s but not showing synptons . However, 

when the se tvro pl:mts - 1 Shnntung 1 .:md 1Rego.li a 1 - were indexed 

for TAV infection by sap inoculation to N. glutinosn and 

C . anarcmtic olor 5 sym.ptor:1s of TAV de;ve loped 9 naking further 

screening nec e ssary in order to obtain plants for de t eroinntion 

of the charactoristj_cs of the leaf' r.1ottle group of viruses . 

5 • 2 SEP /:B../.TI OlJ 

1.:ftcr screening 26 chryso.nthernm.s for stunt by gro..fting 

with 1Mistletoe I and for T/.V by inoculation to H . glutinos2. nnd 

C. BLmret..."lticolor 1 two pLmts were obtained showing the presence 

of rod- sho.ped particles of the leaf nottlo-type, but free from 

both T/.V a."ld chrysnnthern.u:1 stunt . These plants - 1 Shen.tung' 

showi ng faint vein nottlc symptoms ,'J.rld ' Ethyl Edmonds ' showing 

no synptons - were used ns sources of l eaf uottl c virus . 

Grafting with I Good News I gave synptoms similar to those 

described in the previous section (5.1 . 3) showing tha t the 

pre senc e of T/lV did not affec t the development of leaf r:iottle 

synptoms in ' Good News 1 grafted to stocks infected with viruses 

of the l eaf nottle g roup. 



5 . 3 HOST R/JiGB !Jill SYMPTOMS 

' Shen tung I chryaM thcraw: , wo.s use;d :ls '.l sourc e: of the l oci 

nott10 vi:::ns ( chapter 5. 2) . I nfec ted 22.p wo.s tri turo.t cd with 

O, O33M ~b/IP0
4 

+ O. O5M DI:SC L. 1 pH 7.<- , buffer ':l.Yld inocul -:,.t ,)d to 

c c.:rboru..'1dti;-2 clustec: l savcs of t h1..- t es t pL;..'1ts . 

The foll oni'.'lg r(;sul ts v10 T " obt::.inc,d when 3 plc-nts of ca.c h 

t est specie s ~'-'re., inocul a t ed . Lc:o.f- <l i p 8xa.ninations c onfir ::10d 

t he prcs,::mc c., of rod - shaped p::-..rti cle:s of t he l eaf Dottl'-' g roup . 

Noncncletturc b :ts0J. on : Bnilcy 1 L . B . Manunl of CultivCct od. 

Plants ( 1949 ) . 

/,ntirrhinUJ:1 nc. jus L . ' Ton Thu.:.1b 1 ( sno.pclr :'.f;Ol1 ) • 

Yvllov.r- brovm. se'.J.i - m, crotic l esi ons a.ftcr 2 we:cks . 

Ho sys t ...,L!ic infection V✓ ':!.S obsorvcJ by l ccl- dip tes t s . 

£-k lichry su.::1 br o.c tc. Gtu:.-. L.nJr . ( str:,_vrflowor) . 

?.l o.c k necrotic spcts ~f'te r 2 r.'eeks i n 1 pl o.nt of th,:; 3 
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inoc ul :-.t0 c'. . j,o systcni c i nfection obscrvvd by loc..f - dip t est s . 

Hic oti::m~~ glutino SZ"'. L. 

l"o synpto.os but r oc1 - shr:.pcd pr.:cticles observed in l e :'.f-dip 

t ests . 

Pc tuni ::i. hy briQ::c v:,_r , nilllc'. c onpnc t,-,__ VilD ' Ro s__, of ~foo.vcr!. ' (pe tuni a ) . 

Chlorotic loc 2.l l e sions dtcr 2- 5 weeks i n 2 of 6 pl.:mts 

inoc1..,l 2.t cd and l '·)si ons sprcCcdi ~ c.long in.drib in one: l c c.f . 

Scne c io crucntis D. C. 'Yc.tos Large Fl ower ed ' (cinero..ri c--. ) . 

No synpto11s obscrv0d but rod - shap cc:. p2.rticles observ ed in 

l e af-dip tests . 

Te tre.gonia 0xpansa Murr . 1Everlo.sting 1 

F ew chlorotic l esions afte r 2 weeks . 

(n. Z. spi nac h ) . 

No systcw.i c 

infe c tion wc1.s observe d by l eaf- dip t ests . 
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Ho synptons were observed in e2.ch of 3 :i)lants of the following 

speci es when inoculntions were r.1adc vr.i. th infected I ShEmtung 1 sap . 

BrnsGica olcrac•-:.~, ·.·:.r. c'.1pi to.t-:1. L . 1 Succession ' (caobnge ) . 

Brassicn ol er::wc·c1 v::x . botrytis l.J . ' Deep He::i.:rt ' ( c nuliflower ) • 

B:;:-.::>.esica pckiL·nr::i,; Rupr . 1 Chi Hi Li 1 (chi:1.c::,c C,'.1.bbogc) . 

Callistcphu::: ch_:h.1~~:msis lfoes . 1i:a.xod Col ours ' (.?.ster) . 

( sv1oet pepper) . 

Cheircm.thus chciri L. 'Pari s T.'io.:rket ' (wallflower) . 

Ce l osici ::rrgcntco. L . 1 Painted Ostrich 1 ( c elosi o.. ) . 

Chcnopodiur..1. ar.1CT,J.ntic ol or Coste . 0: R0;yn . 

ChcnopodiUD gyi~C2_,~ Willd . 

Cuc1..u:.:us sntivus L . 11.Ioncyr.mker ' ( CUCUBber) . 

R.'.lhlin pir...n c.t::--. Cnv. 1Unwins Idcc:i.1 1 ( do.l11i.::>.) . 

:Dic=:.mthus bo.:r·o;-,tv.s L . 

Gouph.reno. gl--obos'1. 1 , 

Hcli::,..ntlms cmnuus L. ( sunf l ower) . 

_Lupinns _p3yph:y_ll~§. Lindl. ; :Russe 11 ViiX()d 1 (lupin). 

Lactuc a cativ::. L. 'Great L2.kes 1 (lettuce). 

Lycopersicon cscul entw.1 Mill. 1Potcntatc 1 (tonat o ) , 

Nicotimm to.bo.cm.1 L. 1 S3LlS\L'1. 1 

Pisun sativw:1 L, ' Green Fenst' 

Prinula ualacoides Fr2.nch. 

T3getes crec!~ L, 1 Qr3ngc l\1u.;:i 1 

Vic i o. fa.be. L. 1 J:..tlns Eo.rly 1 

1Colcs Enrly' 

( tobCI.C CO) . 

( pea) . 

(nffi'igold) . 

' Exhibition Longpod 1 (broad bean) . 

Vigna sinensis Endl . 1Black- eye 1 ( cowpea ). 

Zinnic. e l egan3. var, dahliiflora Jac q. (zinni a ) . 
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The syr:iptons doveloped in 11.ntirrhinUD najus and Hclichryswn 

bructe:o.tun :,grcc with !foord ru:i ' s rcsul ts for chrysm1t henun virus B 

(97) . Holli:i:ig,; (i,.8) hovIOvcr, nttributcr, thesG syr:iptoras to 

chrys::1.nthcr:iun 1.'.]_tcnt virus, which o.lso gives sympto1;1s on 

Chcnopodiur.1 ::,:·1:,r:.:mticoLJr, Gor_:phro112. globos.:>. 1 Ccl osic1. ::trgent cr:., 

lhcoti anc:. gh:,tinos8. :mcl ~!icotic=:.n::-. tabetc i.Ll, none of v1hich go.ve 

syuptous in this study . Uo sy1.~ptou.s de:ve:;lopccl on Callistcphus 

c}1ir,ensis (no:;_• v,e:re: rod--sll::1.pcd pc..rticlcs ooocJ:vcd in le2..f -dip 

tests) whic~1. ~1..,.s b-.:c::. rGco:cdcd by l'Toordc.:1 (97) r~s o. host for 

chrys2,;.1.thcnu.L virus B. ~follings (4i3) roc ords Vici ,. fo.b a ns o. 

host fo:::' c lirys2nthei.1ur.1 v:trus B but not for chrysonthcnun vein 

nott l e ~ ffild no i nfection wci.s observed on Vici a fo.b.:.i i n thi s s tudy . 

The so rcsul ts suggest th::i.t the host ra.i.--ige of the lcnf mottle virus 

prc:sent i n the two cultiva.rs cx3.Llinccl is c oo.pe.r :Lble to t hat 

reported for chryso..nthcnun virus B 7 but the l ack of synpto:-.1 

cxprJssio~:,_ ir_ .Y~fc.b'.:'; 3uggests ::1. rolntionr_;hip with Hollings ' 

chrys2.nthcrnr1 vein r.iot tle . 

Res·._;_l ts oJ.' the host r,mgc study indic c:,tcd o. l ow i ncidcnc G 

of synptons cieveloping in P . hybrido.; \·1hich h2.s been used oversc2.s 

c.s a locd lesion host (19,40,48 7 97)99) 2.nd sever ctl P . hybrid2. 

cultiv~Ts wore t es ted for their susc eptibility to viruses of the 

le .-:-u ,.1ottl0 group. 

5. 4 SYMPTOIIS OrT P. hybrid a 

I ni tic:tl sr:.p inoculntion t ests fron 'Shantung I t o the P . hybrid .:,. 

cul ti v c..r 1 ]'ire Chief ' showed th2..t syuptou expr essi on of chlorotic 

loca l lesi ons chcro.c tGristic of tho leo.£ no ttle viruses we.s 

erro.tic i n developncnt ~ pc.rtic ulo.rly during suu-.icr . Conse quently 

seve r a l ot her pe tuni a cultivars were tested for their r eacti on to 

l e8£ oottl G infection (tabl e 26) . 
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Tl..BLE 26 . Syr::ipto,2 dcvelopncnt on sC;vc;r2.l cul ti vars of P . hy bri d'.l. 

inocul a ted with l e af' nottl e virus. 

Cultivnr 
Syi-1pton dcvclopnent 

Sw:mer Winter 

1 Ros-.. of Ht. av"'n 1 

1Fire Chi of 1 

1 Colorru:i ,::. 1 

1 Ro sy rforn ; 

(P . nultiflora) 

* Nunbcr of pLlllts dC;vcloping l us ions/total nw:ibGr inoculated . 

Hollings (48 ) h :1.s r e ported bc: ttcr syr_1ptor.1 devclopr.1cnt i n the 

winte r th:-m i :c th'-' suEJI.icr '""111.d this was c onfir::1E, d i n t hese studie s . 

when CJ. totnl of 5 out of 40 plc.nts devel oped syDpton s cornpcired 

with 1 out of 20 i n the sw:ir10r . The pe tuni 2 cultivar 1Rose of 

HcC1.ven I gave the best syr:i.pton dcvc:lopncnt a l though only 3 plants 

out of 10 developed sy,J.p to:'.ls . Lcc!.f- dip exCTJinntions of inocul '1ted 

l envcs fro ,_t th ,:; s .:; 10 plMts showod the pre senc e of rod- shaped 

particles in 7 pl::ints, sugge sting 2. vari ,"'.tion in the susccptibili ty 

of P . hybriua t o viruses of the l cci uottlc group . This vnri nti on 

in sy:-1ptoi, expression and the difficulty in tr3!1sI1ission during 

the sumncr ho.vo been r eported ovcrs c:,'1S ( tr8) but not to such an 

extent. 
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5. 5 1...PHID TRANSMI SSI ON 

Sevcr2.l speci e s of aphid have bec::n r e ported as vectors for 

l oaf :::iottlc viruses ; including Myzus pc rsicaG, Myzus sol m1i Kl t b . 

i,12.crosiphu.:-.·. 1.. uphorbi '12 Ths. 1 Rhop-:tlosiphU!--:: rufoDc.culatu.cJ. and 

Mncrosiphonicll8. sru1bornj_, al t hough the eff ici ency of transDission 

is generally belov, 30% (19 ,48?89 ) . 

I n thi s s tully~ 2 cxpcri :1cnts were undc,rt8.k:en ':.t different tir:11.;;s 

of the ycc:r to dcterninc the:: tr2ns!:.1.i ssi on ch i".r actsri s tic s of t he 

l eaf nottlc virus infec ting ; Shantung I and 1 Et hyl Ect..1onds 1 

c hry s an t:1 c r.1w.1s • 

/.f t cr stE>.rv2.tion for 2 hours, M. persic2.c wur c given an 

acquisition- ·Rcccss per i od of 5 iJ.inutes on the i nfe c ted pl nnts 

before being transf erred (10/pl M t) to ' Good News ' end P . hybrido. 

test pl n..."lts for .'.l.r'. inocula ti on- ::1cccss pe ri od of 30 ninutes 

( t abl e 27) , 

T/..BLE 27 . Transr:.1is3ion of th: L.. ·.S 1.!uttL: virus fruu I Sh:::..vitung 1 

mid I Ethyl Ed,. onds : by ~I. persicae . 

Sourc e 
Test pl cmt 

1 Good i:fows P . hybri de. 

1 Ethyl Ed::1onds 1 

' Shantung ' 

Winte r 

1* 

1 

Sw:u:10r 

0 

0 

Winter 

1 

2 

* Figures a.re nuL1be r of pl ants dev elopi ng syr:ipt ons on 

P. gybrida/ 27 plants exposed . 

SWJDer 

0 

0 
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::'fo synptons woro observed in 2ny of the I Good News I plants 

inocul a t sd although snp inocul cition t o P . hybricl2 fron 1Good Hcws 1 

inoculated i n th\3 v1.i.11ter, g2.ve 3y;:iptori1s diagnostic of l oaf raottle 

viruses fro:l1 2 of the chrysanth-:-aUD pl2.nts . 

Thrc,e of the P . hybrida t es t pl ants deve loped chlor otic loc a l 

l Gsions wh(;;:.'t aphid trfillsr,1ission t ests were cr.trri ed out in the 

winter . 

5 . 6 PROPERTIES II:J VITRO 

The low i ncidence of synpton expression in P. hybrida nade 

the dete:rninatim1 of the physical. properti es of the l eaf rJOtt l c 

virus froc1 1 Shantur1g 1 sol ely on t he dev elop::ient of l esion 

production ::.. niffi eul t _.,~ttcr . S o~.10 of these properti8s wer 8 

detcr ::.,incd by rJnp inoculation to P . hybrid2. and l ed- dip 

e::x~1in':ttion of th ..: i nocul 'l. t ed l cc>.vcs to c onfir;J. t h" presenc e 

of rod-shaped pE1-rticles of the 1 1.: "..f :-iottlc typ,: . This nethod, 

al though not -"--2 ,'.ccur-:1t e ,s lesion 2.ssesso.cnt J in tho.t the 

failure to obse rve rod - shaped pm·ticlcs ;:my not n c .'.Jll the pl~t 

is free frod infec tion (40) 9 gave ~,n indication of t he dilution 

end point ( t c:ble 28) n.nd the, longcvi ty i n vitro ( t nblc 29) of 

the l eaf ::iottlc virus. 

5. 6 . 1 Dilution End Point 

Using young 1 Shantu.ng 1 l eaves as a source of the l oci mottle 

virus 7 5 P . hybrida pl nnts were inoculated with sap diluted with 

Afte r 5 weeks 7 2 l cm' - dips 

v1ere nade fron the i noculate d leaves of each pl2nt and the se 

were cxar:1ined for rod- shaped particle s ( t abl e 28) . 



TlffiLE 28 . Dilution end point of the l eaf sottle virus from 

1 Sh~w:1 tung ; • 

Diluti on 
P. hybrida 

Lesi on devclopncnt 

Prcscmc c of rod- p2.rticL..:s 

* Figures ar -:. the nu.wbcr of plc.nts developi ng l E::si ons or 

showi ng the pr 0scnc o of rod- sh2~pc:d pa.rticlos/mmber of 

plc'llts inoculated or obsc,rv;_,d . 

Tl1L-s2 r csul ts sugg,..:sts a dilution 8nd point of be tween 10 -
2 

and 1 o-3• 

5.6 . 2 Longevity i n vi tro 
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You:-ig 1 Sh-mtung 1 l eci.ves w12rc tritur:-ted with O, O33i-i 1Ta
2

HPO
4

, 

pH 7 . 3Y ?1111 store-: ci.t roon k~;1p:..r~ture . Inoc u l :-:tions to P . hybri dci. 

1 8:c.i.vcs wore ;-:.i·,dc 2.t vo.:rious intcrv;:tls . After 5 wee ko these 

i noculated leaves were t..Xm.lincd f'or r od- shaped p2.rticles ( t abl d 29 ). 

TABLE 29. Longevity i n vitro of the l cct' Bottle virus from 

1 Shantung 1 • 

P.hybrida 

Le sion developnent 

Presence of r od-pnrticle s 

0 

Tine (hours ) 

6 12 36 

* Figures a r c the number of plants infccted/ nwnber i noculntcd 

or t ested . 

These re sults sugge st an infective life in vitro of be tween 

12 and 24 hours for the l eaf mottle virus infecting 1Shrui.tung 1 • 



5. 7 P l.RTICLE I,10RPH0LOGY 

The: diue:nsion.s of the, ro<.1-sh:c:.ped pnrticlcs found in 

ci1ryso.nthcrn.E.1 s~'-P v-ru·c · .co.surc:d frrni1 photo.;r::i.phs tc.kcn of 

1-.::,u-di),s fron ::,1.:vc.rc.l chrys111th '8t.m cul ti V:J..'S inf ecte:d with 

viruses of th" lc.::f :.:.:ottl c group 7 .7.fter ne:c'.ti V(; st2.ining with 

PTJ. (fi8 , 13) . 

Th.., clLwnsions of these rod-sh2.ped p~1,rti clos y1cr8 conpar ed 

with those: of tob.".cc o :10smc virus (·.IHV) observed in l ec.f - dips 

fro,.: infected to1.1'"'.to pL~1ts. 

to c ::~ . 280 :1.D in l e:ng th ( 109) . 

The 1l1IV pc.rticle:s were ·'".SS'.ll.led 

69 . 

Tl.BIB 30 , Di:.1(.msions of roJ-- slr.p:.::d p ~,rtic les of the l eaf nottlo 

typo fro;~1 infected chry s::.::n.thc:--.:iw..: cul ti vars. 

Cul ti V'U' 

1Goldcn F .::vori tv I 

1Ycllow I;Ictd 011l1a r 

1M2.clanc R. Rogorsi 

1Shantung 1 

iTw.1bor of 
pci.rticles 
I,ir. 2Sur8cl 

25 

18 

25 

25 

ue::m l ength 
(nn) 

700 
(670-740) 

690 
(670-71 0) 

690 
(680-700) 

700 
(680-740 ) 

:icc:n dic!l.10te r 
(rn) 

15 

15 

15 

15 

Rosul ts indic ,i.tc tha t the rod- sho..pecl p:.1:rticles observed in 

this s tudy (e n . 700 x 15 nn) c,gr ee wi t h overseo.s reports for 

viruses of the loctf nottle group (40>48 )61). Iiioordon 1 s r eport 

(97) of po..rticlcs c 2 . 600 x 30 m1 nppeo.r to differ from lnter 

r eport s ? p~.rticulnrly i n the pcrticle di '.J.lJ.eter meo..surement but 

Hollings (48) consi dered t h0 difference insignificant . 



CHAPTER 6 . 

METHODS FOR COi.JTROLLDJG VIRUS DISE/.SES 

OF C HRY S / JJ T~IEr.'IUMS 

6 . 1 INTRODUCTION 

The i n t c.:nsi v ;_; cul tur~ of r:1021y horticultural crops, L1....rid the 

rapid vc6otati vc prop3gntion l'!h.- thocls used todrw 1 ht'.ve r ,.;sul tcd 

in t ho wid_,sprc'7.d di sseninc:.tion of s. l.:,.r._;e; nUiJ.bcr of pests 811d 
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disonsos . Chern. c al :.1c thods of control hn.v e: b8en used s ucc essfully 

to c ombri.t many of th0su insect pests, fu..rig~,l and bactcri ul diseas es . 

Virus diseases how1Jver h !:'.VG proved :'.lore difficult to control . 

This i s be cause virus particles have Rn inti~at c es soci ntion with 

plant c cll s 1 and any cheoicals which inactiva t ed pl.'.m.t viruse s 

have had a ddrinental eff ect on t ho host. Bec o.us C; of this, 

u1ost of the c ontrol measures us ed .::it present i nvolve soe~ for::1 

of prev ention , desi Gncd to r educ e: t ho sourc 2: s of i nfecti on, Md 

to lirn t the introduction and spread of t ho virus (fig . 1) . 

6,2 REMOVAL OF INFECTION SOURCES 

The oretically, if a crop is virus-free when initia t e d and 

ther e is no sourc 8 of infe ction i n or ne ar tho crop , ther e should 

be no virus probl em. Cons c quontly y by r emoving 2ny sources of 

infecti on it is possible to 1:i.inirJiso the incidenc e of virus 

diseas e s . 



Sources of virus infection include : 

pc r ennin...l weed hosts ; 

pc r cnni ~l ornru:1ental plo.nt s or unrel a t ed crops ; 

voluntuc r plnnts r enmning fron o. previous crop; 

infoctcd plants i n a crop. 
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In chrysa."lthc;.1U:~1 crops 1 the: eff e:cti vcncss of r tcDOving sourc e s 

of inf e:ction v 3.ri cs with the virus c oncerned . Eli11in'J. ti on of 

TAV by this ::1c nns 9 for exrunplc ; is ri.l mos t impossible be c ause of 

the wid e host r.:mge: of t he: viruso Th"' naj or problen with nost 

chrysanthcrn1.1J. virus dis8o.ses is the.t they ar c pre sent to .:1 

gr 0ater or l e: ssc r 2xtcnt i n the chrys ari. the:nwn stocks of ::ios t 

cul ti vars grown c or.T!le: rci ally 1 ,'.,nd often symptoms ::i.r c exprE::ssed 

too l,ttc to enabl e rogui ng to be ..n cff ccti v e; neans of c ontrol. 

Chrysant:1c::iv..:-'.L stun.t ~ for cx ::unpl e: , c an r er.iain sy:nptoml css for up 

to 15 raonths y ,'.-1.nd cluring thi s ti::.1c prop:::g ,:,.ti on Md othe: r cul turnl 

activitie s C ?.Yl spr~~d th~ virus . Consequently , r e::.1ov3.l of 

infe c tion sourc es i s r c l :1tivol y i nsffcctivc and une c onomi c un til 

t he stock pl ·mts us8d Elr c knO\'m t o b .:: fr1...,:. fro:il virus i::rt' cction. 

6. 3 CONTROL OF VIRUS VECTORS 

I f ther e is c. known vector for a pa.rticul.'.7.r virus dis"as8 Y 

olii::ri.nation of this vector can r8duc ,.: the incidence of t h e virus 

in t he crop . Aphids 9 particuln.rly Ivl.pcrsicae and r.1 . euphorbi ae, 

are vectors of Tf.V and s everal viruse s of the l e af 11ottle gr oup. 

Othe r insect vectors include l e a:fhoppers ari.d thrips which Dr e 

vectors for aster y ellows and tomato spotted wilt r e: spectivel y 

(469 48 969,109). 

For eff ective control of insect- borne viruse s howeve r , 

the elimination of the vector should be comple te 9 sinc e a 

r el a tively f ew individuals c an r e sult in r apid spread of tho 

virus. 
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Insec t icides ci.r c r egularly u sed i n c or;mcrci nl cb.rys anthemura 

crops f or nphi d c ontrol; but these m'.:l.t eri2.l s usuo.lly kill t ~:.e, 

8.phids (-:ftc, r they hnvo succ eeded in tr2ns:.1i tti ng the virus; 

s ince the ~,;ihic1- bor nc chrys2.nti1smu:-1 viruses nre s tyle t - bornc . 

J.s a ref;ul t the usu of insecticides docs not prevent infecti on 

with thGse virus2s but rmy re:duc e the incidenc e of t he discnse 

withi n tl1c. c rop . 

Oil sprays h'.lvc bc""n shown by Br adl ey- (8) t o r educ e aphid 

trans:lission of th<.: styl c t-bornc pot.'.l.to virus Y, bu t these hs.ve 

not b~cn t8stcd on chryse..nthunur:1.s, possibly b ec ause of 

phytotoxici ty problo,ils . 

Nor: chcr.li c c.l ne thocls of prove~1ting or i:linir.1ising 2.phid 

n ove1.1c:nt have:: b-.:on inves tigat ed : 

B:::i.rri~r crops of barley f or oxar.:pL;, he.vc been shown by 

Broadbent to reduce. the incidcnc\; of ',phid - bor nc viruses i n 

c aulifl orrer se'"dlin6 s (87). There is t he possi bili ty t hat 

:Jai z c shel t cr--bel ts, which nr c often pl"',.ntcJ. i n outdoor 

chrys:ir1tho::.1w.1 crops, c oul d r educe aphid spr e:ad, but this would 

need t o be invcs tignt ed before eny c onclusions c oul d be n::dG . 

Llwi1iniun foi l hcts b0.::n shm·m t o r oped :i.phids in scv ere.l 

crops, wi tl1 vCTy ing degre:os of' success . The, incidence of 

cuctmbcr r.1os::tic virus in g l adi ol us crops w2.s reduc ed by two- thirds 

when e.llminilli.1 foil vras pl ace d be t w\:.;en t he rows ( 107) . I n 

chrys21.nthcr,1ur1s 1 howeve r ; Hak..lc:19..r t (3 9) dcr.1onstr2.tcd tha t nlthough 

a.phid popuL1tions were reduc c;d~ the r oduction was not suff icient 

to give effective virus c ontrol. 

Parasite s 2nd predators of cphids c ould be cone norc i nport ;:mt 

in the future if n ore specific che!Ji c al rant crial s nre introduced 

for contr olling nphi d populntions . Howev er , the n:-i.ture of this 

biologic al c ontrol is such th :7.t the aphids c an never be entire ly 

eliraina t cd and consequentl y thG use of par s.sites o.nd prGdator s 

for aphid c ontrol does not appear t o be c o!apa.tible with t he 

high l ev el of aphi d control required to elimina t e virus infection . 
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6 • t,. VIRUS--TESTED PL/JTTING MATERI AL 

Vcgetnti vu propel[;'.l.ti on of nnny horticultural plnnts h2.s 

rcsult,::d in some cultiv -s.rs bec oDing tott:lly infected with virus . 

In suc~:. c o.sc::- 2. BC;thod of trea.t nc;nt i s r Gquired wher eby he 2.l thy 

pl r:nts c ru:1 be obtcined 1 tho 111L:.1bcr of which need only be oini.::.ml. 

In other c ases howevsr 7 it i s possi ble to index suff icient pl cmt s 

u.r1til one or tvvo uninfected pl.'.lllts :.:i.ro di sc overed cmd t hese ar e 

then used t ·J proprignte furth.:::r hcJ.l thy pl o.nt s . 

Indexing :.1e tl10ds f oY th(, ;:nj or virus di sce1.ses infe c ting 

chrys3.Ylthc• WJ.s m~c discussed i n cho.pter 2 . 

Two no.in appr oaches h.::i.vc bcun utili sed for obtaining 

virus-frGe pl 3.l1ti n,z 1::at cri '.c.l. 

G. ,-re 1 Errc.tic Virus Distribut ion 

c.) Utili s2.tion of t h(:_; erra tic di stri bution of viruses WITHI N 

!. CROP 

This nppronch i s the be.si s for the dc tmlcd indexi ng of 

suffi c i ent pl ants ~ i n order t o obtain one or two thnt are virus -

free . In this c m1text t he t ern 1 virus-frve 1 nc3Jls free fron 

thG lmown o.nd specifi ed viruses for which t es t s ho.ve be en Bade . 

f,D equivo.l cnt t ern i s ;virus-te sted '. 

b) Utilisation of the erratic di stribution of viruses WITHIN 

J.. PL/JTT 

It hns been found with s oue viruses t h o.t t he final 

di stribution of virus particles in the plM.t is not alwnys 

uniforn nnd in sone c ases, particularly in woody perennials ? 

prope~ation of non-infe c ted parts of t h e plant c n.n r esult in 

virus-free no.t erial which c an then be used o.s not her plants (36). 

The US G of 11 rni ni-cuttings 11 (1-2 en ) for example 7 has r e sulted i n 

the production of chry santhemtrus free from TJ..V (45 ). 
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r•fo ri ster:1- t i p cul t ure i s a specL-ili sed o.p plic etti on of t he 

principl e of erratic virus di s tribution . The t er n neri s t cn-tip 

has been used rc..tllor indiscriminantly for vc.ri ous pi eces of 

t issue re....11ging froB 0 . 1-1 0 DD i n si ze , The ::iost c oillr:1onl y used 

t i ssue LLYJ.i t c onsists of the ncr istcm done 1 plus one or two l e:a' 

pri rn.ordia, ond tllis O. 1-0 . 5 J::EJ. sec tion i s r eferred t o by Holling::, 

a..'1.d Ston<:: (59) C\S the 21eristom- t i p . 11 longer; but nor phol ogic cilly 

;::i.orc c or rec t tcr11? used b~r Jac obs 1 Bornr:1cn 2nd JJ..l 2n (72) 1 is 

' shoot 2.pic2.l r:1.eri stcn 1 • This teru inc ludus the ti ssue piece 

fron in..'Iledic.tcly below the lo.st nocle upwnrds 1 t hus consi s ting of 

t he 2,,pical ini t i als 1 their deri vc-1.t i v es, 211d one or two l eo..f 

pri::iordL:i. . This e l inin'.ltcs cny confusion be t ween shoot or r oot 

ner istcn- tips . Jac obs 0t al P.lso r eserved th(.; t er n shoot tip 

(which was used by P:>..rke ( 100) to cluscribe the shoot apic al 

neristcn), for the shoot apiccl ncri sten plus v nri abl c l engt hs 

of shoot proxino.l to the o.pcx . 

Ths te chnique for obtainin.f; virus- fre2 propagci.ti ve !_1at or i a l 

was pioneer ed by MorGl (92), wh(.;n he d.c~_1onstr3.t cd th2.t virus- f r ee: 

dahlio.s o.nd poto.toes c oul c1 be ob t mnuc. by tho ase;ptic culture of 

snall pi ,; c cs of ucri stcnat i c t i ssu;__ cut fron shoot t i ps of 

inf ec ted pla.'1.t s . The succ ess of thi s t e chniqu e i s attributed 

t o t he inabili ty of sose vi ruses to i nfec t or survive in the 

ac t i vely dividing 0eri stcr:1atic tissue of the hos t pl ont (5 3) . 

Several hypot heses have been proposed t o expl ai n t he dr op 

in virus c onc entrati on shovm t o exi st t owards the ;:ieri s t er:12.tic 

~ooe, i~l~ing ilie f cll~ i ~: 

i) t~c r ate of c ell divi s i on i s g r eo.ter t hEIIl t he r a t e of virus 

nul tiplic o.ti on cmd ther efor e the most r e c ently f orocd c ells ar e 

f r ee from vira l p2.rti c l es; 

i i) t her e i s a mechru1ic ru bl ockage to virus i nVQsion; 

iii) t he bioch0Dicd sta t e of t ~e dividi ng c ells i nhibits virus 

r eplic .2ti on . 

Until n orc i s lmown about t he host/virus r ol ntionship, t hese 

hypotheses rau s t r enain as s uch . 



/J_ though rJ.eristem-tip cul turc has been used t o elio.innte 

viruses from :::i.any infec ted host species (68 ) 1 the applic2.tion of 

this t (a cr .. niquo , on its own, to chrJso.nthe;:iun virus elimination 

ho.s only be .:,i'l usc1d occ nsi onally ( 5 3) • 

I n 1956 1 Hol i.t1es (45 ) u sGc1 a nethod s irJilar to weristen-tip 

cul turc to elir.una t c TJ.V fron infGcted chrysonthemums . He 
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succ eeded i n obtaining 13 plnnts free froD T/.V 1 by grafting s cions 

(4--8 nm i n leng t h) fron infected pl onts t o 244 heal thy stock 

plcmts . Sinc 8 then Hollings (66) hns r eported t he elimination 

of sev eral viruses of the l onf nottle group (chryso...'1therrn.l.r:1 virus B 

ond chrysmithoDu.r:i. ve i n raottle ) 1 ru-id Mons i on , Huche t and Dune z (91) 

have succ eeded i~1 elimnating TAV fror:1 infected chrysanthemums . 

6 . 4. 2 Heat Troat1ent 

The ot~1cr approach t o the pr obl cn of ob tmning virus - free 

pl anting ::::.aterial invol Vc1s t he use of heat tre2.t :::1ent . 

Earl y workers sllowe;d t h2.t l1co.t tr0Gt:.1ent 9 using hot wat er 

i n the c ase of sug,s,_.r c anc sett s (Kobus 1889 ), Md hot air i n t ho 

case of peach trees (Kunke l 1936 ) , was successful in c ontrolling 

dise asos now lmovm t o be caused by viruses ( sugar cane s er eh) or 

virus-like orgn..."lisns (ponch yellows) (53 ,75 1 84 1 98) . 

I n 1957, Kass2nis (74) c oncluded that ov er half the viruses 

infecting hor ticul turnl pl ants could be elir.linated by he c.t 

troat'..J.ont while in 19651 Hollings (53) listed over 90 viruses 

tlw.t hc.vo boon olitJ.ina t ed fron 2.t l c3.s t one host pl ant by he2.t 

treatncmt . Four years l rtt e r t his nw:nbe r h ad ri sen t o 120 ( 98 ) 

and crops ns diverse a s apples? chrysMthenuos , peachcs 1 

nushroons, potatoes and s trawb erries h ave n ow been successfully 

hea t tree.tea . 

Heat trent r:wnt of pl ants to obtain hec.l thy propagating 

uat eri nl c nn be c onsider ed in two c a t egories, depending on the 

t enpGr G.turo used nnd tho exposure tine of the pla.n.t to thi s 

t cnpor .:.1ture. 



( 3.) Hi gh tc: ·ipc r ~tu.re -short tine 

Thi s typ0 of treo.tocnt generally i nvolves the u se of 

t eT.1p crnturcs ran[;ing fr o1.1 35- 55 C, for r ol e.ti ve ly short periods 

of tine ( 6 r.d.nut (.;s t o 36 hours) . Hot vmtcr i s r e c oD!:icndcd 

be c o.uso it secns to g i ve a ;:,or 8 (1VcY1 lrnat di stribution during 

th(; short ti;,cs i nvolvc:c1, thCL.'1 docs hot ,::,.ir (98 ) . 
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T:1c successf ul ust: of hot Vl'.:'.tcr i s dependent on the ability 

of tho pl c:.:it Go..t eri o.l ? usu.:tlly dorL1C1.J1.t, to withs tand fonpE: r a turc s 

hi gh enough t o i n~,c ti va tc t l1c virus . Hot w, t Gr trc:1.t r.:tcnt ho.s 

been u sGd successfully for over 25 viruses infecting CTore t hon 

16 diffe r ent pl2nt speci-::s) includirie; pench 1 sugcirc a."le; pot 2.to, 

str uwbcrry, cherry 811.cl hops (53 , 74) 98) . 

( b) Low ter,1;:c r '.:'.tU1'e-long tine 

Exposure of infected pl:mts to l ov,cr teupe r ~.turc,s ( 35- 38 C) 

but for c onsidL ni.°i) ly l onger peri ods of tiuc ( 1-8 ;:.10nths ) h •. s 8.lso 

shown to be cffe;ctiv0 in cliDin,·:ting viruSLS fro:.1 ~ ..... ny pl nnt s . 

In t his ;-1oro c oil_1onl y u s"d mu thod of l1.c'.t trc:1t :ic,nt, !J.ir i s the 

he a tins ncdiu;1 2.nd iYJ. gcnoro..l , pl nnt survi v o..l ,nd t hc ch::mc cs of 

virus-free propo.g:cti vc nc-.t eri C!.l b12 i ng obtc.imid arc better t hc..n 

with hot wn.tcr . So:-:ic of the crops for wbich this ::.1e thod has 

been used successfully include c c..rn<'-ti on , chrysc.11.thc;:i_un , s trrnvberry , 

nushroo::.1, apple , pot ".to, l cnon o..nd lucerne (53,74,98) . 

It i s gener all y be li ev ed th~t hcc.'.t tre::i.tocnt i s s uc cessful 

when the: r o.tc of virus degr adation with i n the pl ant, exc ee ds 

th~ r a t e of virus uultiplic ation (76) . 

The tinc -tenper~turc regioe chosen v2.rics depending on t he 

heat tole rn.nc e of the plc.nt Mel the he at susc eptibility of the 

virus . By s ubj ecting plant s to n gr o.du::u rise in t empe r a t ure, 

the h e2.t toler 2nc c of the plCtnt c an be increased (53) . There 

are 2lso r eports of plnnt survivol being incrco..sed by the use 

of i ntc r ni ttent teuperntures (98) . 



Following the he";t tree.tocmt of the non-dor mant pl c.nt s 1 

portions of the plont> usuQlly tip cuttings? nre propagated . 

However, bcc o.uso heo.t trcnt nent i s not inf 2.llible C.B o. method of 

obtaini ng virus- free r1ateri:.:l 1 it is esscmti:1.l thc..t t he ma t erid 

chosen for prop-:::g::i.ti on i s indexed to ensure virw, eliminntion 
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hes occurred . Holling(, ( 53) strGsses t~o importo.nce of ndequ .::i.tu 

i ndexing of trcded D,1teri al in order to e l imn,1t e the possibility 

of o.n 11 a ttenu o.t cd 11 forD of th2 virus beill£ prescnt 1 such as thc.t 

seen in ~cat-trcr.tul Cc.'.I'no..tions, a.ml to i dentify nny de layed 

r esurccnc e of viruc infection which ha.s been reported i n heo.t ­

trca.t cd pl ::::nts such ~s c 2..rnntions (56) . 

Hcnt trcatnent alone has cn2.bl cd virus- free clones of nnny 

horticul turnl cropc to be produc ed , :m.d si r:ul ::i.r s uccesses have 

been reported using ;~wri s t cr.1- tip cul turc . 

Howov cr 9 ther e ci.rc soHc virus,Js th:.::.t hn.vc so f c,.r r esi s ted 

c,11 attcnp t s to clinin::.t o thc~1 c.. i t hcr by he :.t trc::i.tuont or 

ncristcn- tip cultur0 . Sc vor2.l of these l1.2.vc now been successfully 

e li1.ti.n2.t cd by 2. c oubi nation of hc o.t trco.t.10nt followed. by 1.1eri s t eo.­

tip culture of the rcsul to.nt shoot tip . 

for cx 2.:J.ple 9 hn.s be8n s ucc essfully cli!'1im.1.ted from o. few cul ti v.::>.rs 

by such o. proc edure ( 62 ). This cor.1binntion of h e2.t trea tr.1ent 

o.nd ucristen-tip culture :cl so incrc.:i.sed the effici ency of virus B 

e linii1 0.tion fron infe·c ted chrys::.mthenm:i.s 9 fror:i 5% when mcri s t er:i­

tip cultured :md 4o% wh::,n ho t1.t trcnt ed 9 to 95% when o. combinntion 

of hent trcntncnt end ncri s t en- tip culture wns used (59) . 
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FIG . 1. POSSIBLE PROCEDURE FOR OBTAINING AND MAINTAINING VIRUS-FREE 
CHRYSANTHEMUMS. 
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CH/..PTER 7 . 

T!IERISTEH-TIP CUL'l'URE FOR THE 

ELHIETLTIO;-' OF TLV !J.ffi L:C/.F !JOT'l'LE 

VIRUSES FRON CHRYS!J.JTHEMU;;IS 

7. 1 THE USE OF MERI STEM-TIP CULTURE 

The il1cidenc c Md prop L,rti 8S of tlw viruses ex onirnod in thi s 

s t udy influcmce the choic l.; of _1cthotls ~v:u l 1.blc for t hE.. c ontrol 

of virus cli ::;1..,2.ses of chrysnn.th-.:uw .. w . The presenc e of synptonl ess 

infecti on of tho thrcl, viruses observed i n chr ysr:.i1.t ho:1w:rn in t he 

Mo..'1.:'.Wntu 9 :::ic...lccs t ~1.,;ir control by th ,., rogui ng of pl 8l1.ts showing 

synp t ons a r c l~•--tivoly i neffici ent proc c::.is . Furtl1er 9 their 

ability to be tr:nsr .. d.. t tcd by o.pr.J..d v ectors - wi tl: t he ex c eption 

of chrysci.nthcawJ. ;j tunt which h:::s been shovm to be trensni ttcd 

during cul t ur a.l opc:ro.tions such c1..s d i sbudding o.r1d picking ( 79) -

enables the sprc..::d of t lle viruses through the cr op f ron infected 

pl2.:.'1ts . 

j_1!1. e nost sntisf ::tctory me thod of c ontrol is the propcigo.tion 

frou 1 virus-frce: 1-¥.· s tock plants, o.nd tho prevention of 

r e-infe c tion f rou out s ide sources or fron infec t ed volunteer 

pl cnts by nphid v ectors . 

1Vi rus- fr ee 1 stoc k pla'1.ts c an be identified by snp 

inocula tion to :rJ . glutinoso., C. OL1n.:rnnticolor '.lll.d P . h,ybrid a. to 

index fo:r T~V .'.U1d viruses of the l co.f uottle group, end by 

* In this c ontext, 1 vi rus-free I ne ffils free fror:i TAV, 

chrys8J1thenun stunt 8.rl.d viruses of the leaf mottle gr oup . 
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graf t ing with 1Mistl c toe 1 to index for chrys:mthcaWJ. s t unt 

(ch2ptc r 2 . 2 . 2) . Thu c.vailability of cx1 el e c tron nicrosc ope 

would facilitate the indexing procedur0 in th2.t the L,ck of 

synpto:.1s on C . ru::J.o.r 2.ntic ol or anc'. t he f-:i.iluru to observe rod- shn.pod 

pn:rtic l e:s of t hl) l oo.f' nottlc g r oup c ould L1di c nt e 5 within 1 we ek , 

the ab senc e of TAV 3Jld l e:~u :.1otth: viruses . Such pl:iDts c ould 

them be indexed fo:-,:- chrysanthe;-;iun stunt 5 whi l " further i!.1dcxi ng 

f or T/.V c ould be undcrtnkon . This would r educ e th..; nw.1b er of 

5rmt- i ndcxing t ests n,quired~ -:md r c sul ts c ould b'-' obtained 

wi t hin 3 11011 ths . 

However, i f no I v i r us- frc0 1 plonts 2.re found bec ,'.Use of t he 

c orapl 1.-, t e infe c tion of the cul ti v2:r'J e. si tun ti on which wo.s not 

observc)d in thi s study~ virus elir:rinnti on by he:J.t t r ca.t mcnt > 

Jeristen- tip culturc 1 or a c onbi n~tion of both> c c...~ be use d . 

Overseas r eports indi c 2.te thn.t both Tl.V :md sorJ.e of the l e o.f 

:1ottlc g r oup he.vi.: been e l iwin2t cd by hc 2.t trecitnent 2.nd by 

Llcri s t en- tip culture , with .!:I.Or e c;~.ti sf actor,r r esults being 

obtninod with t~1:i cul turo of meri s t cG- tips frou. hec.t tren.tcd 

plonts (-'c ···.bJ.t. 31 ) . 'i'his !lC:thoc. :-'.lso :..Lowu pror,iise for the: 

cli:.un· ·.tion of cnrys::mthc:o.llil s tw.1t whic~1 h::1.s not been el iDino.t ed 

froi:: chrysant:1ouur.1.s by r:10risten- tip culture done (62) . 

I n t hi s s tudy , the fe:1.sibili ty of neristen- tip cul turc to 

elinino.tc Tf.V 211d vi rusGs of the l c8.f Dottle group vrn.s de ter r.lined . 

T/.BLE 31 . Elim.na t i on of viruses frou infoc t od chrysnnthcnuns . 

Virus 

Flower dist or t i on 

Greon flower 

Ringspo t 

Rosette 

Lenf nottle Gr ou p 

Tomat o Asperoy 

Stunt 

Jfoc1.t 
Tr eat ncmt 

( 21)* 

(66 ) 
(55) 
(22 ) 

(1 4,41) 

(55) 

Licri sten- t ip 
cul ture 

(53,66) 
( 91 ) 

:foat + Meri s t en­
t ip cultur e 

(66 ) 

(41, 103 ) 

(62 ) 

* Refer ences r eport ing suc c essful virus (oliminati on . 
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7 . 2 VIRUS STATUS OF SELECTED CHRY SfJ·JT~IBMU1.1S 

Stunt-free chrysmrthernm.s wore selec t ed on the b:isis of 

gr.:1.ft indexing rcsul t s 'Ni th I l':Ii s tl0toe 1 • After 3 months no 

synptons of stunt i nfecti on were observccl i n 19 of the 50 

chrysant hcnUt-:i.s t cstcd 1 c.:...l'ld these were :.csscsscd for TAV i nfection 

by sap inoculation to H . glutinos2. ::.md C. 2r113I'c1...ntic ol or 1 nnd for 

viruses of tho l em .:nottl e group by ele ctron IJi croscopic t.:Xa.'"'.linati on 

(t,,blc 32) . Shoot tips wer e them hnrvestc d i'ron the stunt-

f r e e chrysnnt};_cr:i.wns end the Deristcn-tips culture d (Appendi x I) . 

T.t-J3LE 32 . Results of indexing for TAV and l eaf mottl e viruses 

i n chry s3.rltheoW:ls sel ected for nc ri s t cn-tip cul t ure . 

Source 

1 Sha..vi tung 1 

1 r.IndOD.c :C . Rogers ' 

' Et hyl Ednonds 1 

1RGgc.lio. 1 

Total 

Nunbcr of 

pl:mts froc i, 

fron stunt 

7 
120 

8 
1 20 

21 
5 

21 
5 

7 . 3 SURVIV KL OF MERI STEM- TIPS 

!,iw._1b er of r.1eri ste:u- tips cul tu.red 

TJ.V L c .'l.f not t le 

8 10 

4 4 

3 0 

3 0 

18 14 

Tf.V + l eaf 
mott l G 

7 

3 

7 

4 

21 

/.ftcr 13 weeks, of t he 8 surviving plo.ntlcts, 1 was large 

enough to be transpl:mted to a mini-pot ( li.ppendix 3); 2 hc-td 

developed stens 2nd were c 8. . 1 cu1 highi the r eramning 5 plantl e ts 

had developed roots but had not ini ti nt ed ster.:1 growth ( table 33 ). 



TfJ3LE 33 . Survival of meristem-tips frou chrysanthemums 

infected with TAV and le af aottle viruses . 
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fle ri s t cn-tip survival (after 13 Wl: eks) 
Sourc e.: 

Tl,V Le m· nottlc TAV + l e af nottle Tot nl 

1 Sh::mtung 1 1* 2V 2; 5 
/ 8 110 1 25 7 

I Jfad3.Il1C: E . Rog er s 1 1; 1; 0/ 2 
11 1 4 4 3 

1 Ethyl Ednonds 1 0/ 1; 1 
110 3 7 

1Rcgc.li :.. 1 0/ 
3 

0/ 
4 

0/ 
7 

Total 
2 
/18 

3 
1 14 

3 
/ 21 

8 
!53 

* Surviving neristcn- tips/totci.l mmber cultured . 

7 . Lr I NDEXI NG FOR 1 VIRUS- FRE:S I ST A..."'E 

Indexing t he 1 Sh'lrl.tung 1 plant wllicll wns L:rgc enough to 

trnnsplmTt?°* (tabl e 33) fml e~ t o r eveal the presence of rod- shaped 

l eaf mottle pm-ticlcs in 4 182.f-di p ex ar.linntions ? ::ind t ent ntively 

the pl2.nt W3.S o.sslli..l.ccl to be free fror;i viruses of t h0 l em raottl e 

group . 

Both the surviving pl£mtl c t s cultured fror.1 Tl.V-inf'ectcd 

plants wer e tritur,'.'..t e d with 0 . 033!.I lk
2

HP0
4 

+ 0 . 05:.I DD:C A, pH 7 . 4 ~ 

~md i noculc.t ed to :n . glutinosa. and C. :u:i,'ronticolor . In neither 

case did symptons of TAV develop . Th e slower development of the 

rcmo.ining 4 plnntlc ts 9 3 of which were from chrysanthemums 

infec t ed with both Tl .V 2J'.ld viruses of the l e::i.f mottle group 1 

precluded f'.nY de termina tion of t h0ir virus content. 
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These r esults indic nt e tho.t u sing the: m:thods outlined in 

this study (Appendix I), thu dirJ.in~.tion of TJ.V and viruse s of 

the l eG.f nottle group fron infected chryssnthcwums i s f easi bl e, 

3.lthough further indexing to c onfirEl the virus- f r ec s t nt e of th0 

pl o.ntlets is r equired befor e defi nite c onclusions c an be r eached . 

Thc:sc rcsul ts clso indic a t e: t :1c1.t t ~1c dcvelopncnt of the 

:::i.eristcn- tips c oul d be influenc ed by tl1e prcscnc e of one or Dor e 

viruses in the sourc o plrmts, in thnt those raeristen- tips token 

from pl3...nt s ini'ec tcd with both Tl.V and lccl mot tle viruses 

developed nt e. slov1er r a t 0 t h2.11. those inf0c ted with ei t he r virus . 

Howcvcr, t he effec t of virus presence avid t he effe c t of diffe r ent 

cul ti vars on t he deve l opment of the mcri stor1- tips c o.nnot be 

detcn.7.ined wi tl1 Gny accura.cy until further ex periment s nre 

undcrto.ken . 

:forist(m- tip cu l ture, eithe r o.lone or i n c onjunction with 

hent tre2.tncnt, c 2.n be used to the b0st ::i.dvnnt::ige where indexing 

of exi sting chryso.nt hcraw:.1s hci.s f o.ilcd to show the pr esenc e of 

n2.tur2lly occurring virus - free pl211t s which c 2..n be u sed for 

propagction purposes . Results of the survey und ertC'..ken in t h is 

study (chapter 2) i ndic nt e t hnt thi s is not ye t the c nse in 

New Zeo.l nnd . 



CHAPTER 8 . 

C ONCLUSI O!·TS 

Rcsul ts of surveys based on vi sual cx3r..un2..ti on and i ndexi ng 

t ests c onfiru that TAV 9 chrysanthe::J.u.:.:,1 stunt CJ.nd l e c.f Dottle 

group viruses are wi de spread in chrysanther.1ur.1s grovm in the 

Mo.nawa.tu . Re lio.nc o on synpto:_1 expr es sion is not n s8.tisf:ictory 
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ne t :10d for c1Gternining thG virus- i n f C:: cted s t o.t e of chrysanthc1:1w:1s . 

Nany plc-.nts whi ch were fre e of obvi ous syup t or.is vvo r e s ubsequently 

denonstrated to c ontnin one or Dore of the..: above viruses . No 

other viruses r eported ovorseo.s as i nfecting chrys3.nthenuns wer e 

observed i n this study . 

Characterisation of Tl.V on the b:::tsis of synptons in 

chrys.::Lnthenuus, host r n.."lge , physical properties and s tylc t - borne 

aphi d transmssi on indicc.tc t he i sol nt c tested c onforns in 

gonercl to ovcrscc,s isol a tes of Tl-..V. The type of buffer 

solution used with tissue tritura t cs di d influenc e physica l 

properties of T/.V9 with DI EC /~ c o.usin[; n narked i nc r ectse i n 

longevity i n vitro nnd the infectivi ty of Tl.V frow chrysnnthemULl 

sap . The beneficial effects of DIECJ. indic o.t e t hG possibility 

that this substo.nce prevented virus inactivati on during sap 

inocula ti ons . 

The l a ck of a suitable local l e sion host for chrysanthemum 

stunt ha!:1pcred chnracterisa tion and snp inoculation to 't1Iistle toe 1 

gave erra tic syupton dcvelopnent . Graf't tra.nsoission to 

' Mistle toe I r esulted i n chlorotic - whi te l eo.f s pots ( 1neaslcs 1 ) 

within 2 n onths if' l eaves above the graft were r enoved . 



Tho ci:ncrc.:ria st2rch loc ;::l l esion test for de t ecti on of 

chryso.nthenur1 s tun t proved unsutisf actory . 
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Viruses of t :w h ,af nottl-: ; roup .-:e:rc identifh;d on tho 

basi s of t ~Lir rod - slE'.ped pP.:rticles (c ::-, . 700 x 15 lli.l) ~ end th0 

l oc ,':'-1 l c: sioi~ r c.,cti on of P . lly bricl~--. vvhon inocuL.-~te:d with sup 

c ontc.i ni1ig po.rticlcs of t h i s rJ.orpb.ol ogy . The erra tic reClc t i on 

of P . ~·wbri cl '.:'.~ l1owcve:T1 neccssi t :1t c; d c l cc tron nicrosc opic 

o::c:r.iin2-tions of neg~iti ve ly s t ,--unod l oaf - dip pr op;_1rections . Thi s 

Y✓nc found. t o be the .::iost r ,:li 2,,blu i ndexLng ne thod f or l e af !:1ottl ,, 

g1·oup viruses . Gr2f't t:c .'.1.'1.soi ssion t o I Good ifovrs I r e sulted i n 

synp t ons si::1ilar to those a ttributed to the ::~osaic group of 

virus2s in the; U. S .! .. Host r 2...Y1£0 vr:::s s i r:iil,:,r to chrys3.."'ltherJ.w·1 

virus I3 of lfoord2n but diffe r ed f ron t :1at described by Hollings 

for virus B in th2.t h e ::ttributud sy:-_1ptons on 2.ntirrhinu:-1 

( i.ntirrhinur.1 r.:.ajus) ,-:nd s trciw:flovre r (Iie lichrysUc:1 bro.c t ec:.tura) to 

chrysc.r t l1vnui., l.1tont virus whicl-1 wo.2 no t rec ognised in thi s study . 

!,phi d tr2..nsrm.s:::.:i on of t he l o2f rrottlc virus vms chovm to be of 

the s t;yl e t-bornc typ0 1 but sy:::i.pton devc.lopnont L1 ' Good News ' ::ind 

P . hybrid ::·, Yr u:.: crr::-,tic. 

None of ti~" cul ti wu·s excmne:d wure found to be completely 

inf' c: c t1.:d. with ai the: r 'I:.!.V 5 chryr::; r:.!1thcnu,,".l s tlmt 1 or viruses of tho 

kc£ ·· ottlc gi·oup . Cons-:;quc~tly, tic uost sati sf2.ctory r,1e thod 

for c ontrolling those viruses i ::; the prope:go..t ion of virus- tested 

pL.c,nts, obt e1.i nc,d by using t he indexing proccdUl'8S outlined in 

this s tudy? c onbined with r:J.0Rsurcs to prevent r e - inf'uction frou 

outsi d~ sourc es . 

If r,o ::mch virus-free plcmts c e.n be. obtained using this 

me thod, 112ristcr1-tip culture ~ heat treectnent or prufcr-Gbly a 

conbi nation of both nust be r esorted to . Pre liDinm"J work in 

this study dc::10nstr2.ted tha t e li!:lina ti on of both T/i.V and viruses 

of the l em mott l e g r oup is feasible in lTew Zenland but the 

treat nent of the Lcristcn - tips duri ng culture nnd over the 

"hardening off11 process, is critical for t he survival of the 

plantlots . 

, . ..,,..,. 
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APPENDIX I . 

I.:::ERISTEM- TIP CUL'i'1JRE T:;:;CHIJIQUES 

Until recently 11ost work on tho ::i.scptic culture of pl.::mt 

tissue h:J.d been perforLlcd with c::i.llus tissue Md undifferent iated 

tissue s . Little of the infornation obt2ined w~s direc tly 

Gpplic nblc to meri s t en- tip culturG, where root m1d shoot 

developLH:mt i s r;iorc i:-:iport311t t han growth r esponses of tissue 

blocks . In the lo.st 10 to 15 yem-s howe:ver, considerable 

c1.dva11cos 10.ve b1.-en no.de in t his fie:ld and several factors have 

beon shown to influ8ncc the success of ncri s t en- tip culturo . 

Tlle:se fo.ctors c::m be swIDo.rised 2.s follows : 

(e.) /~septic c onditions to prevent c ont&.1ino.tion of the sensitive 

neristc,.1- tips . 

(b) f.d.equate culture nedia to provide the necesso.ry Dinero.ls and 

grov,th substances for • cri s t en- tip growth . 

(c ) Physical grov,th f o.ctors such 8.S light :md temp erature to 

ensure optimm growth of the plnntlot::, and to f <'.cili t o.t e 

their transfer fron aseptic to more nornal growing conditions . 

Duri ng this study the fol lowi ng procedure, based on that used 

by Hollings ond Stone (59), was used to determine the fe asibility 

of meristen- tip culture ns ~ method of el iminat ing TAV and viruses 

of t he leaf mottl e gr oup fr om cul t i vars of Chrysanthemurn.morifoliun 
~ 

grown comnercicll y in New Zealand . 

Detmls of equipment, raedin, and t echniques are presented 

i n the following sec tions ( 1 to 10 ) . 



1 • CULTURE Cl.BINET 

To prevent conto:ninntion of the n eristen- tip s during 

dissec tion and transf er to tho culture bottlos 1 a wooden c abine t 

( 4 1 x 3 1 x 2 1 6 11 ) with a s loping perspex front ::u1.d sliding gl ass 

doors WCl.s used (fig . 14) . The slopi ng front horl o. s ix-inch 

hole cut i n it o..nd this was se2.l od with o. sponge- rubber gaske t 

through whi ch t he nicrosc ope eyepieces protruded . 

The c nbinet w::i.s pl 3.c ed i n t he l aborntory whore air ::.1ovcnc.mt 

was rnini :-.~al .:md t l1e surrounding mr Wf'.S spra.;yotl with alcohol 

before t ho c abinet wa.s used·. This r c::-1oved the n ec essity for n 

conplete a.irtight se:J.l and obvia.tcd tho no c essi ty for surgic o.l 

gloves which would lu.1npcr the ope r a tor I s dextcri ty . .Aseptic 

c onditions \'.'ere .:1.ch i eve:tl withi n t he c -::i.bi net by using on ultra­

violot gcrr:licid2l l rn:1p (Hytex T. U. V. 15 watt*) pcrnr'.nently 

insto..lled inside the c abine t . Twenty- four hours exposure t o 

tho ultrG- violot light 9 plus t he t hor ough spr~ying of the CCl.bi ne t 

8.rld t he ope r ntor 1 s h:::inds with nlcohol kept c ontomin:i.tiou of t he:: 

oeri stem- tip cultures t o a low l eve l . 

2 . MICR0SC0P:C 
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1. binocul;:u- dissecting r:licroscope ( Olympus Zoom Ster eoscopic 1 

SZIII*) with 2. Bcignifying power rc.11.ging from 7 x t o 40 x~ was u sed 

i nside tho c f'.bine t . 

The initial exposure of t he ne:risten- tip s by the r er:iov o..l of 

t he young l cc.VQS wc.s uo.dc unde r low poHer (10 x ) 9 whilu t ho 

f i nal dissec tions wo r e nndc nt hi gher Da.gnific ntions of 25- 30 x . 

3 . DI SSECTING I HSTRUl'/JENTS 

1. fine tipped dr awing pen proved satisfactory for the i ni ticl 

r cnoval of young l envos and exposure of mcristeu-tips, since it 

* Trade nnncs . 
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caused 2.. Dinifilun of d :10.o.ge . The rm:ioval. of t:10 neris t cn- tip was 

done with tricmgulo.r section of r ::-Lzor bl o.d.es (0 . 5 to 1 . 0 cr:1 l ong), 

ummted in /.sh ifo . 4* Ecedle holders . 7- o- c loc k-K- blades prov ed 

to b8 s<'.tisf::ictory for 8 to 10 dissections (Fig . 15) . Instr umer:ts 

were stc1~ilised under ultra- violet light b0fore u se 8.11.d when not 

in use they were lwpt in ['.lcohol. 

4 . CTJL'l'lTRE Tlr.oES 

Vnrious types of tubes 2nd bottles llc.ve been used for 

culturing ::1eristcc1-tips, tl18 rrost coDilon being pyrex tubes 

( c c. . 7 . 5 x 2 . 0 crn) with alilllinur..t c 2.ps to prevent c ont::in.inGti on (110) . 

I n this study, McCartm.y bottl es (8 . 0 x 2 . 5 cu) with r..1etal screw-

tops proved botl1 c onvenient 2.11d satisf2.ctory . Bottle s were 

tl10roughly wns11cd and boiLcd i n di stilled Yf::>_tor before use . 

5 . CULT"LJR~ ;[EDI/. 

Tho crnnposi tion of Llcdi c. used in n cristeu- tip cul turc vffi'ics 

in c onplcxi ty fro::1 the el::ibor 'lte used. by E::i.ss211is ( 73) nnd Quak 

( 103), to the nuch sinplcr ncdin preferrod by Baker o.nd Philips 

(2) end Ston2 (110) . 

JJ.. though the necJ.i:.--, n2.y differ considerabl;,,r they ctll c ontain 

tho stnndc:.rd O2,jor c.nd Dinar e l er..1ents, g luc ose or sucrose as o. 

c arbon sourc e, anc1 c. nur;iber of vi t::u:uns ::md growt h substances . 

A c oL1p2rison of sever a l r.1edi2. showed thect under the 

con.di tions described hem, !IJ:urnshige o.nd Skoog ' s o.ediun (94 ) 

gave the be s t results (1.ppendix II) . 

Vo.rious stock solutions were prepared with double - di s tilled 

wnter . These were then diluted as required and c ombined to 

gi vc the f i nnl cul turn w.edi wn. 

* Trade nor:1es . 



"Maj or Elc,Jont" stock sol ution (g/li tre ) 

NH,N0
3 

16 , 5 ..,. 

KNO~ 19 . 0 
) 

C:i.Cl2• 2H2 0 !~ • .,. 

i'ii•'.:"SO 7F 0 .. 6 /;. . J.2 3 , 7 

KH2PO t, 1. 7 

MnSO -~. 4H2 0 2. 23 

ZnSO, • 7H2 0 0 . 86 
•r 

H
3
Bo

3 
0 . 62 

ICT 0 . 083 

11I.'iL'lor :::n" __ ie:::-itf ' stock solution (g/li trc) 

J\J~ l-"oO 2;r 0 _ c.
2 
.. 1 11 • J...1r"I 

Lr C. 

C Cl c-T 0 o 2 • o,·,2 

Cu.S0.;. . 5E20 

"Iron Chelate " soluti on 

0 , 25 

0 . 025 

0 . 02 
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Nn
2

EDT/.°"· 

FcSO, 

15 . 0 g boi l ed in 200 ol distillud vratcr 

12 , 5 g boi l ed i n 200 ral di s tilled water 
"T 

The so two ingred i ents were nixed t ogether while boiling CL.YJ.d 

c.2..dc up to 500 111 ,·,i th doubl e distilled wnt cr . 

* disodiw~ c thylenedi £~unctc trn~cctnt e . 

"Growth Factor" stock sol uti on (g/100 r:il) 

Nic otinic o.cid 

Pyridoxin HC l 

Thi ar.une HC l 

0 , 05 

0 . 05 

0 . 01 
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The cul turG nediw-.i w2.fJ rJ.c.de up by : 

1) Dissolvi ng 30 g GUcrose in 600 Dl of doubl e di s tillG cl wc-.t cr . 

2) l ..clc1in6 : 100 ill of the 1•Ifajor Elcr,,1ent ll s t ock sol ution 

1 ill of the, : 11.Iinor El er.1on t 11 s tock solution 

ill of tho iliroi.1 Ch\.,, l C1.tc " sol ution 

1 nl of tl-:cc "Growth I<'nctorn Gt ock solution . 

3) 1..rlding: 0 . 1 6 ,Joso- i nosi tol 

0 . 002 G glycine . 

4) /.dd in~, if required, 0 . 005 g indolc~c c tic ncid (I!J.). 

5) /J.dji.-:stins th~ solution tc ·1 pH of 5 . 5 - 6 . 0 . 

6 ) Makins ti1e solution up to 1 li tr0 Yii t:i double - di stilled vmter . 

Five nls of this solutim: '.K.s then placed Li ot1.ch cul turc 

bottle , toge ther ni th '-• fil ter- pc.Jer bri dge, and 2.utoclo.ved o.t 

15 psi for 10 oiimtcs . 

'l'ile mE::so- inosi tol 2.l'ld glyci:1" v:,,rc · .. dc\,_J to t hL ::olution 

sepn.rc.toly bcc mwe nhen stored :'.t 5 C i~ stock sol utior.::; they did 

not i~euc.iE ici solution . 

6 . SUPPORT T~DJ:llil 

Ifost of ti1c 0,.i.rly cul turc rrork w,.1s done with sgc..r supplo• .cntod 

by tho vr-.rious nutrient soll.:tions, but ln 2, conp 2.ri s on with fi lter­

pnpcr bridges IfolL:ir (43) found t hc-.t :.1.gnr go.v e less root forw.o.tion~ 

wns noro clifficul t to r e:J.ovc fror.1 the :)12.ntlet roots wi t hout 

d:-1E1ogc, and wns prone to dessic ation (34) . Stone (1 10 ) reported 

et four- fold inc r8ase in c crflo.tion nori s t en- tip growt h with filter­

p aper bri dges c oup::i.red with growth on agar . 



7 . COIVi:'lii:HHJ.TIOlT 

Ilos t nc1·i stcD- t i ps 9 po..rticul c.rl y t hose of c l1ry s2.11. t he:nur1, 

v;u r c fow1d to oc He l l prot ected by c-. v1r :::i.ppi i1g of 11 s t erile 11 

lcc.v cs :-:..nd l e:rn: l1airs 9 which protec te:d the 11ori ste::.1- t i ps f r on 

infec t i on . Provi ded tho dissecting tools wc r k ept s t erile by 

t he use of ~"'.rl alc o~wl bo.t h 9 it w-:i.s possi bl o t o r onovc t ho 

,.1eri stcn- tips :>nd t r 2.."'lsf e r t hen £:,scptic c:lly to t he cul t u r c 

bottles ~~th littl e or no c on tar:undti on . 
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Sono workers ( 24 , 96) h['.VC s uggest ed t ho u se of n rn, rcuric 

ch l ori de or silver nitrat e r i nse: t o su r f c.c c sterili se plo.nt tips 

bef or e dissec t ion bu t t hi s wo..s no t found t o b e ne cosscry with 

chr ysn.ntl:.er:rur,.1s . £:lliott (34 ) f ound t ho.t expo sure of sweet poto.to 

Iponoeil. bo:tctc->.s L. Poir . to tenpc r ~,tures of approxinc.t e l y 38 C 

fo r 2 v,ccks before dissec t i on~ r educed c ont run.no.ti on i n oorist cm­

tip cul tu.res , but .tf;-1i:1 i n t hi :::; s t udy this w.:7.s unneccs s o.ry . 

8 . jJISS:CCTIOI~ 

Holl i:.1gs ,:::c:c1 Stone (59 ) s~10wed with chrysnnt heDU'.lC t i.wt 

o..piccl ::-,-:ri:-.;tc:·.1- tips gave bett or r csul ts i n t err.1s of vir u s - free 

plant 3 than l c1.t e:r2J. buds (32% s ucc es:::; o..s op posed to 18% f r on 

l atcrnl buds ) . 

Shoot t i ps O.lJpr oxiwc.tc l y 5 cu in l eng t h were t.:-.kcn , t he 

l arger l co.ves r.:.:novC:;d by hru1d, cmd t lK tips then plo.c cd i n s t eri l e 

petri d i ;:;hcs c ontm.ning noi s t f il tar- po.per pnds t o prev ent 

dessicati on (fig . 16 ) . 

Ea c h di ssection was p erfor ned on s epar a t e s t erile rubbe r p ,'.1,d S 

inside t he sterile c abine t . The r eoaining prote ctive l eave s 

we r e pcic l ed b-:i.ck 1 u s i ng the fine- tipped drawing pen, to expose 

the shiny neri s t en d ome and l eaf prinordi .'.1. (fig . 16 ) . C£:'.r e 

w2.s t ak e n t o ensure t h a t t ho di ssec tj_on tool s we r e free fron 

alc ohol bef or e u se . The me r i s t em dome - inc l uding t he fi r st 

two l e af primordi £:'. - wa s then r ~pidl y di ssec t ed out wi t h a 
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razor- bl:J.de Jmifc and trcmsferred to the fi l ter- p2.per bridge 

inside 221 c..utocl:0vcd cul tu:::'e bottle . The screw top w22, then 

repl:-i..c cd 9 the bottle l o..belle:d, on.cl plac ed under .::,. light- bo.nk . 

9 . J\IJERI S~~i- TIP GROWTH 

Tubes contzj_:u.ng the nciri:::,tC;r.i- tips ,·✓ere plCJ.c cd 15-20 co 

bolow ::-. lig~1t- bo.Jll: c onsisting of two 40 v10.tt 1Grolux 1* f l uorescent 

tubes o.nd one 40 w8.tt I Deluxe warn whi t c t .;<- tube, ond gi vcn 22 

hours illlElinc.tion per dc-.y (112) . 

1.n .:wurc.ge tu:1per::i.turc of 24 C wo.s rnJ.intri.irn}d by pla.cing the 

cul tu.re tubes iL "- snc.11 roon vii thin the 1 2.borntory , vrhi ch ruduc cd 

the tc,,.1pcr::i.ture fluctuntions to .± 3 C. Hollings 3.lld Stone ( 59) 

re c ow..l'J.U".d 22- 24 C 2,s the optiuw-1 t enpcrc.ture for chrysant:1eD1ur1 

aeriste:r .. - tip grontll , 

Once g1'ccn l c,:>.v os de:volopcd t:ie ucri s t c;:,1- ti p;::; were tr::msferrcd 

to frcsl-: cul turc tubes~ i dcntic !".l to the ini ti:-J. ones except for 

the o:-.1i::-;sion of I JJ~ , a...vid rcturnC;c. to t llc growt h roos fo::.' a further 

6- 8 we ci~fl to :1.llo-J tl10 2.lrc~i,d,y ini ti.'."..tcd roots to develop (fig . 17) . 

During the trcmsfer operations c.scptic conditions were maintc:.ined, 

o.nd c o.re Wfl.S to.ken not to d8.Dc:ge thC; root ini tic.ls . 

10. " I·I/JIDE:UlJG OFF" 

Once plo...vitlets were 1 to 2 cm hi gh, they were tr::msferred to 

uinipots ~md gr.::i.duo.lly exposed to 1:J.orc I norr.J.2J. 1 c onditions 

(fig. 19) . 

Difficulties were experienced in µrevcnting c ontru::unntion 

during the: hnrdeni ng off process , P.nd finc!.lly a method based on 

~ c ombin2.tion of tho..t used by Hollings .'.Uld Stone (59) o.nd the 

procedure rc c ounended by Elliott (34) proved sati sfactory 

( Appendix III) • 

* Trade no.ne s . 



In this ::icthod , pla.ntl0t s wor e t ro.nsfcrred to nini - pots 

c onte.ini ng pe::.t/perli te 2nd 20 ral s of ~1urc.shige o.nd Skoo5 1 s 

nutrient solution (less I A/.) which ho.d been ::i.utoclc.vcd for . 

10 :nnutcs ::'.t 15 psi ins i de pint preserving j 2..r-s c ovon~d vii th 

pc tri - di s~1 lic!.s (fig . 18 ) . /.ftcr 2- 3 d2.ys the licls ·were 

r epl o.c ed by pl ~stic bogs o.nd these were gradu~lly cut open t o 

"lw.rcl.0:n of f 11 th;.; p l ::cntle:ts . 

The pl2.ntlcts were. t"iGn incl. excel fo r 'rl.V nncl virusas of the 

l EJci ;:,iottlo group to (fotu r :.1i ne the. success of the, Dc:rister:i-tip 

cul turu i n eliui n,".ti ng these two viruses . 

93 . 
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COI-iPJ,RISOJ'T OP FIVE TISSUE <;ULTURE :,:EDIJ. 

FOR GROWTH OF CHRYSJJJTHELTIJI·!i LIERISTEM- TIPS 
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1 • TIIEDI 1~ TESTED 

On t~1.; basis of c ouposi tion tht.: fi vc, acdi n. s c:, l ectcd for 

t cstinG c e.n be g roup(,J i n t o two secti ons : 

1. 1 Hi :~:11 S8.l t :kdi n 

a ) ]'.;ur;,,shi(~\.., anrl Skoo3 1 s 1:icd.iUi.1 whi ch is o. ~.1odific o.tion 

of Whi k I s ,.kdiu -1 (2 ~- ) and h ··'.s b0.::n us 2d with suc c ess 

in t :-!c. bionss1,y of t obo.cc o cul turc s ( 94) . 

b) Elliott' s ~.1odific s.tion of Whi t c I s ned.iu..1 which has bc;:;n 

succ\..,ssfully us 2cl for tho cul turc of kur:10.rn (IJew Zc,a.l md 

swoc t pot::->..to ) ,·,crist0n- tips ( 34) . 

c) ~:IilL:r 1 s ,:.iediurn 9 us C:d in the cultiva tion of soybean 

(Glycine nm: . 11.c,1c 1 ) for th0 .'.:l.SS(W of z1c::atin (90) 

C111d ~l so u sed in t he s tudy of soybco.n protopl .J.st 

gr ovrth and deve lopr1cnt (35) . 

1 • 2 Low S2..l t :::1kdi 3. 

a ) G2.uthe; r -=. t I s nediw:.1 9 which was devised by one; of the 

earlier workers i n this field and sinc e then has been 

uscc succ e ssfully in the culture of s everal different 

plant neriste1:1- tips 9 nota bly grapesy s equoias and 

P E)rilla ( 24) . 

b ) Hollings ' modifica t i on of N2er gaard 1s ;::iedi w:1 which has 

b e;cn used s ucc essful ly i n Engl and for gr owth of 

carna.ti on and chrysanthcmw-.1 ,:1c.: risteB- t i ps (11 0 ) . 
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TJJ3LE 34 . Couponcmts of nutri cm.t ncdi c. test ed for o.cri s t cB- tip 

cul tur o of chrysori themlllis ( tcc,blc 35) . 

I:Iurashi gc & Elliott Giles Gaut herct Hollings 

CoL1ponont Skoog (94) (76) (35) (24) ( 11 0) 

I 
g/li tn) g/litrc 1:;/li t rc g/litrc g/li t:r c: 

NHi1o
7

o24 • 4H20 1. 00x10- 4-

~m
4
ro

3 
1 . G5 1. 65 1. 00 

-1 - 1 
Kf:J03 1 . 90 1. 90 1. 00 1. 25x10 1 . 25x1 O 

- 1 - 1 cac1
2

• 2r:
2 

o 4. 40x10 4 . 40x10 
- 1 -· 1 - 2 - 1 - 1 

I-TgSo 
4

• T:.12 0 3 , 70x10 3 . 70x10 7. 15x10 1 . 25x10 1. 25x1 0 
-1 -1 - 1 -1 - 1 

I<H2PO tr 1. 70x10 1 . 70x10 3 . 00x1 0 1. 25x10 1 . 25x10 
- 2 - 2 - 2 

FelJ.::. E~Tl. 2. 00x1 0 2. 00x10 1. 32x10 

H
3
Bo

3 
G. 20x1o- 3 - 3 1 . 60x1o- 3 2 , 50x10- 5 2. 50x10- 5 6 . 20x10 

- 2 2. 23x10- 2 _ ') 

1 , 00x1 o- 3 7. 

l.tn.SO 
4

• 4H20 2 , 23x10 1 . 40x10 ,_ 1 , 00x1 0- .:> 

8 . 30x1 o-4 - 4 8 . 00x1 0- 4 2. 50x1 0- 4 - Lt 
I':I 8 . 30x10 2. 50x1 0 

'7,1 S0 7F 0 - 3 8 . 60x10- 3 3 . 80x10- 3 5, 00x10- 4 - 4 
,._,__ 4 . 112 8 . 60x10 5, 00x10 

- 2 .i(,Jl 6 . 50x10 

:i:: 2.lioO tr . 2H2 0 
- 4 2 . 50x10 

2 . 50x10- 5 2 . 50x1 1J - 5 - 5 - 5 ,.., <' Q 5·- 0 2 , 50x10 2. 50x10 vUu 4- . :12 
2 . 50x10- 5 2 . 50x10- 5 - 5 - 5 CoC1 2 . 6H20 2 . 50x10 2. 50x10 

2, 50x10- 5 - 5 TCJ. r-;r o 2. 50x10 ~- l 2 • D '2 ,.., - 2 Fc
2

(s o
4

)
3 

2 . 50x10- -:: 2. 50x10 

H
2
SO, 1. 0 Dl 1 . o r.il 

L~ 

-1 -1 - 1 Cci. (1rn
3

) 2• 4E
2 

0 5, 00x10 5, 00x10 5 , 00x10 

Cu (N0
3

) 
2

• 3I-I20 --4 3 , 50x10 

Sucros0 30 30 30 

Gluc oso 40 40 

lidcninc 8 , 00x1.0 - 3 

I/J,. 5 , 00x10- 3 

NM,. 1. oox1 0 ·-3 2. 00x1 o- 3 1. 00x1 o- 3 1 . OOx1 o-3 

Besa- inositol 1. 00x10 -1 1 . OOx10 -1 1. 00x10 - 1 1. 00x10- 3 

Hic otinic acid 5 , 00x10 - 4 5 , 00x10- 4 5 , 00x10- 4-

Pyridoxi n HC l 5, 00x1o- 4 1 . OOx1 o- 4 1. oox1 o- 4 

Thiamine HCl 1 . 00x1o- 4 1 . OOx10 - 4 

Glycine 2. 00x10- 3 2 . 00x1o- 3 1. 00x10- 3 1. 00x10- 3 
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2 . SOURCE PLANTS 

The chrysm thc::.11.un cul ti vars used were I Mis tlotoo I mid I Good 

News I 
y both of which wer e virus - t ested for TIN 9 stunt nnd the lt.:d' 

nottlc group . Thos e cultivars wer e usud t o r.Jinini se the- possibl e 

eff e ct of virus infecti on on the growth of the neri stern- tips as 

Holling s and Stone (62) have r eported th2t chryscmthchlWJ stunt c ~n 

incroase the: dcve l op:.i(mt tine of th'-' D1.;riste:r;1- tips . They :::lso 

report th ::i. t the size of the '-h..ristc;j- tip c m1 influcnc c not only 

the: de.:vc l op!-1cnt tLie, but a l so the pcrcc:ntnge of virus -free 

plantlots obtmn0d , For t hese r o:::i.sons; efforts wer :.c o.:::i.dc to 

se l ect r:i.:,ristcn- tips of approxi;:mt ely the s~:nc size (0 . 25 - 0 , 5 :JD) 

2.Ild a t tho s ,'.l:. ,1c: st2€c of devclopnc.;nt 1 i . e: . v2gctati ve tips 9 not 

flower bud pri1:1ordi-i . 

T/:J3LE 35 . 

Mcdiw-., 

Murash i gc ,.?,. 
'-~ 

Elliott 

Gilcs 

Gauthcrct 

Hollings 

EffGct of rn,di a c o:.1posi tion on chrysc..n thcr.1w:1 

:·.wri st.:);.,-tip growt~1 anc. dcve lopnent , 

Uw:1ber of SlwJt Growth Hoo t cc. 

neristens after 6 we eks-~* Growth 

Shoot 

( 1 2 weeks)** 

us ed (with I M.) (without IM,) 

Skoo; 50 15* 6 

50 6 

50 3 0 

50 10 2 

20 10 

* ;_Ju:.ibc r of ;.1cri sten- tips . 

** Fig .- 17 , 

After 12 weeks the plantle ts wer e tr.::msfe:rrcd to uini - pots 

for " lw.rdening off" (Appendix III) . 
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3 , DI SCUSSI OI'T 

Ex :u:_iination of the r,:ic ristc,.1-tips o.ftcr 6 weeks showed th -:ct 

shoot (1cv,.' lop~:10nt occurre d :·10s t r npi clly in Mur '."lshigc ::md Skoog I s 

hi gh- salt '.:cdiLc, whiL:: those grown in Elliott I s L,CLliU..:,e 

differing only i n the typL of hor:·.,on...: us, o. 9 dc v 1.. lop0 c:. o.t e. 

c onsi c'h:: rably sl ow or r Rt e . Hollings ' :1cdi1K1 1 shown in Englm1J 

t o be o.doquat,., for chrys ::mthc,:,1L1 o.nd C<''.rn::i.tion Gorist1..::.1- tip 

growth , w"-s foun::l i n this s tuJy t o be i n.f::. rior for shoot 

dev e l op;-.1(nt to Murnshige :md Sko og ' s ,: 1c:diu: :. 

La t er ccsscss:.,cnt of :-J.,)ri stc;:1- tip 6rowth vns ;.10.de prior t o 

transf erring th,, pl 8.11tle ts t o :~ d.ni - pot s 9 ::md it wo.s etpp3.rent 

thci.t t he high-s-'.11 t :·1ediun of ~turashigc and Skoog grwe, t h.:. bes t 

r os ul ts i n k r ns of root ancl shoot growth, whil e:: Hollings 1 

l ow- sc1l t ;-_ ,ediu:.1 o.lso showed signific8.Ilt inpr ove~i..,nts over thG 

othe r sudi ~ tested . 

It th1..rcforc sc,cns t h~t under th\.. conditions described in 

thi s s tudy ? riur 2.sl1i c; . .:: 8!1,l Skoog ' s ~.1odific2.tion of W)1ito 1 s no diu...1. 

using I A/. 1.s "· gr owth hor donL g-:,__vo be tter r c sul ts in t er os of 

roo t 'l.'1d shoot gr owth .:rr1c;. cvelop,:1ent t h~ did t he oth1..r Dedi a 

tc;StLd . 

Th.,:irc was no signific cmt difft:r c.mc o in r;,1cristcn- tip growth 

and dcv c: l op;1cnt bc: tw0cn thG two chrys .J...".1thcrnrr.1 cul ti vnr s 

' Mistle t oe. ' :-t.YJ.J ' Good Hews '. 



APPENDIX II I. 

~)O;?/ JI.IS 0.1 ' OF SEVER/.1 :I:TEODS GF 

" Hl JillENI NG OFF" PL/JJTS DERIVED FROM 

CHRYSJJ-J THEMUM MERISTEWI- TIPS 

1, I ETRODUCTION 

The treat~ont of chrysanthcnu.n pl :'ntl c ts derived from 

,.io ri sten-tip cul tu.r0? du.ring t he transition fr on aseptic 

condi tions in the cul tu.re bottles t o the: ::i.or e " norme.111 growth 

conditi ons in t:~1c; gl?.sshou.sc, p rov"'cl t o be cruci al. 

'rhc 11 hardcning offi 1 or gr adual exposure of the pl nntl uts 

to nomul gl asshouse c onditions wns studi ed 2nd s evor etl ;:ie thods 

tested to dc tcrni ne: t:he nost suitable . 

Three factors wor e consider ed : 

2 . SU1'PORT MEDIUM 

98 . 

Various supporting uedi a hav e been used by differ ent workers 

i n the growth of chrysanthoL'lU.D and c arnati on phm.tlets, including 

peat (59 ), soil (112) and 3 mxture of pent/sand/soil (11 0). 
Verniculitc has been shown t o be satisfactory for the growth 

of swee t pota to (Iponoea bat a tus) plantlets (3 4) . 

The ncdia t e sted in this s tudy wer e perlite , vermiculite, 

and a a ixtu.re of peat and purli t e . 



3. NUTRIENT STJ.TUS 

Since tho throe ncdi c. sc l cctGd for t es ting c ont2.inou little. 

01~ no nutrj_ont 9 a nutri(;nt solution w2.s also r equired to ensure 

3doqu:1tc pl:-,ntlct growth . 

Scvcr.:tl nutri cmt conbin:1tions were tested: 

99 . 

Hoaglc1.nd I s nutrient solution v1hich Elliott (34) found s-:'tisfactory 

i n conbinnti on with ver.:Jiculi t,:, for th._ grmvth of sweGt 

pot,.to p lG.ntlots ( s~e- J~ppcndix v) . 

North Cr:.rolinc. nutrient solution whic!1. is used 2s o. gcncr2.l 

nutrient for plants grown in tho controlled clL:12.t c 

l 11bor8.tory of t he Pl&.11.t Physiology Di vision of the D. S . I.R . 

(.sc,_ l.2)pd1.~ix v) . 

Murashig,, and Skoor:e: 1 s ;,1cristen-tip cul turo nutrient solution which 

wo.s used t o cul turc- the ::.1orist1..2-tips up to thl; " burdening off " 

stRf;c (sec Appendix I) . 

"Chrys;:,,.nt~1..:,;1u.;.~11 potting :1ix used in this s tudy for go;1or :J.l pl::mt 

g:c-or;th (sec J.ppcndix IV) . 

4 . C O:i.T'i.1 JJ/IHT ATI OJ:; 

Two e1.ppronch-.: s to this problc::.1 wore studiecl to detcrmin~ tho 

o.os t cffocti vo procedure in t er ns of pl ,ntlct gro\"/th ( tc.blc 36) . 

Tho first appro2.ch 1 u sed by Sutton end Taylor (112) in the 

cul ti vo.tion of c arnation nori sten- tipsy was to tr2.l1.sfor the 

pl-mtlots to Dini - pots 9 hold tho1~ under Dist for 18- 24 hours 1 

then uove the pots to 2. sho..dod 2.rca in tho g l asshouse . 

The other, more gradual o.pproachj was bc.sed on the 

"Dini- cloche" principle used by Elliott (34) in the culture 

of swe e t pot ato plMtlcts . With this technique plnntlots 

Vlere tro..nsfcrrcd to Dini- pots which ho.d boon autoclaved inside 

pint preserving jars c overed with petri - dish lids (fig . 18) . 

tlB~A~Y 
MASSEY UNIVERSITY 
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Aft r~ r 2-3 clci.ys t he lids v1ere r cplac c.;d by pl .'.1.s tic bags o.nd the 

bags were: gr:i.dunlly cut open to 11h c.rden off" t h8 plnntlcts . 

The pots wer e then r c,.,oved frc,::i under the light-ba.YJ.k and grown 

i n the 6 l asshouse . 

TJ.BLE 36 . Troo.t1cnt us od to "ho.rdcn off" plontlets dcri ved 

f r o::. chry san t hc;1u::1 ;:1.::ri s t e:u-tip culture: . 

Support r'.K:dim.1 

Vcr niculitc 

Ver.:Jiculitc 

Vcrniculito 

Perli tc, 

P"rlitc 

Perlite 

*Po:,t/porli t o 

P.::c.t/pcrlitc 

Peat/perlitc 

Nutrient status 

Hoeglo.nds solution 

North Cc.rolina solution 

North Carolin'.:l. solution 

Ho1:1gl ::mds solution 

North Carolinci. s olution 

Murashi ge; & Skoo3 1 s solution 

Murnshi ge cc S!rnog I s solution 
11 Chrys ·n tl1ci.1u.:t11 pottirig : iix 

rlur~ishi gc & Skoog ' s solution 

5 . RESULTS furn C0HC LUSI0NS 

Planth,t 
environnent 

nist 
1nini - clochc 1 

1-:ri.st 

' mini- cloche ' 

' mini - cloche ' 

mst 

' uini- clochc ' 

mst 

nist 

Succ ess in plantlc t survi vnl w.::1.s nchieved in the *treatment 

including t he pcn.t/perli t .:: :-1ecliun with Hurashige and Skoog ' s 

nutri ent solution where tho plantle t was initin.lly protected by 

a ' 1-:ri.ni-clocho ' . 

This success nay be attributed to the graduo.l transition 

frou o.septic to norual growth conditions 1 combined with an 

initial nutri ent status approxiuating that under which the 

neristem-tips had been grown . 



In 3.ll tre:ati.:i.onts involving the use of r:1ist 9 c ontrnJinrttion 

by saprophytic fungi c aused the death of thu pl ruitlcts; even 

vvhcn Q O. 25 g/li tre phcnyl - nercuric-chloridc drench wc.s o.pplicd 

at the onset of the fung::11 inv"'.sion . 

Tho pl ::mtlcts grown in perlitc f2..iled to deve l op, Cl.lthough 

no saprophytic fungi c oul d b12 observ0J . Since t he perlitc 

10 1 • 

v·.rti clcs vrcrc r.':1.ther c on.rs'-, it is prob::tbl c thc,t root dessication 

or root d2..1:,ogc Quring trcmsfcr wc..s n t fnul t . 

The l:'.ck of growth observed in thos.J plantlGts grown in the 

i:forth Carolino. nutri,mt solution9 in both vcrniculi tc o.nd pcrli tc , 

could be .:i.ttributcd to thu relc..tivc l y l ow sol ubl e salt levE;l 

(in c o1.1p:Tison with Mur~1.shigc ::i.ncl Skoog ' s nutrient solution) 

bcc cmsc ii.1 nJi thcr c~1.se could sn.prophytic fungi be: observlJd , 

T~1csc rcsul ts show th c.t to obtain plc'.rlts frou r:ic ri stG.1- tip 

cul tur,, th e: ini tinl procedures of dissecti on o.nd culturing of 

th-.: ncristcr_i- tips ;-er e i1,1port::mt but ::i.lso the procedures used in 

11 11:i.r dcninG off '' the )L1:ntl 8ts '.:'.TC cri ti c "ll . 
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APPENDIX IV . 

GROWTH REGIME 

1 . I NTRODUCTIQ;:f 

1;11 the. plants grown for us2 as i ndic2tor hos ts, either for 

indexing purposes or for host rmige studi es , were grovr.n fro:.1 

3e0L1 - with -cha oxception of the: virus-tc.st 2d ' Mistletoe I raid 
1Good. lTews 1 chrysnnthcnu.:is which were t[l]{:en o.s cuttings fron 

stock pl nnts - am: were i sol .'.1tcJ. fron virus inf c.ctcd pl 8.11. t s to 

pr event conta:.1inntion . 

Th--- s-:"c1s vrcr __ --- i thcr sm-m i n seedling trays (6" x 4") 

containing gro.do # 2 ver oiculi tc, CTlG pricked out into 411 plastic 

pots; or direct Sd::dcd i nto t b-.: !," pots containing a l ayer of 

vor ui culi tL. ovor t h--- potting rJix . 

The plonts wore hose- watered up to twice a day duri ng the 

hot weather :u,ci on do;::i.'.1lld durin,s t hte winter . 

2 . POTTI:TG IIIX 

A 1 : 1 ratio of peat/ pcrlitc was usud as an inert support 

ncdiun t hr oughout this study, nnd several ferti liser conbi nntions 

were t ested t o obtain the be.st result s in t er os of soft , r apidly 

growing plnnts . 

S...:ver al of the f ertiliser combinations gave r el atively 

high soluble salt r eadings and unsatisfactory pH r eadings . The 

fertiliser co:.1bi nati on used for most of thi s study, was based on 

that used i n the coD.o.erci3l production of pot chrysanthemuns in 

the Manawatu . 



TABLE 37 . :B'crtiliser conbi n~1tion used in c onjuncti on with 

pcat/pcrlitc potting Dix . 

riate:r:i.al 

0s;-1ocotc (1 8 . o .1 2. ) 

Dol oui tc 

Supcrphospha.k 

.Agri cul turo.l lLi; 

Dri od blood 

Sulphate; of potash 

l.Trc.:1 

Iron chc,latcs 

Bor 8JC 

3 . TE1'iPERfi.TU2E 

Qu.::,nti ty g/ bush2l 

165 . 0 

82 . 5 

4- 1. 2 

41. 2 

31 .o 
10 . 3 

6. 4 

0, 4-5 

0 . 45 

Ini ti::i.l problcr..is wcr" cncow1t ..Jr0d wi t:-i tll" c ooling systc:., 

in th,: c.::; l asshouso; and during th(; su::.uL.r i t c,; .,,pcr2.turl. S of up to 

36 C w,:,i·e: rccord,.xl . Thcs(, high t c!:1p0rutur2s, c o::ibincd with 

unsui tablt.. fertil i sors 1 rusul tcd in thu produc tion of "ho.r d 11 

growth i n :::any plantsi particularly P . hybridn seedlings irid 

1ilistl l) to"' 1 cuttings . 

4 . PEST /J:ID DISE ASE CmJTR0L 

103 . 

Insec t cont rol was 2chicvcd by th~ applica tion of Le.nnat c L .* 

(1 . 1 g/500 Dl. ) sprays when requi red, to kill aphids, and 

Kcl thane** ( 1. 1 g/500 n l) for :21i t o c ontrol. 

* Trade naoc for we thouyl . 

Trade name for dicopol. 
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1..PPEHDIX V. 

SUPPLEiIENTARY HU'.i1RIEITT S 0LU':i:I0HS 

1. H0LGL/JJDS NUTRIEIJT S0LUTI0F (34 ) 

(g/li tro ) 

Ca(r:o
3

) 
2 

,f . 10 
•-1 

X 10 

:IC!O~ 2 . 52 X 10 - 1 
) 

:t;so. 1 . 20 X 10 - 1 
Lt 

=<?.
2

P0. 1. 36 X 10- 1 
·r 

:i:-!
3
Bo

3 
6 . 20 X 1 o-3 

I-'in30, • 4iI
0 

0 2 . 23 X 10 - 2 
1,- L 

') 

F0;;:-~ EDT!, 2 . 00 X 10 - c. 

Zn S0
0
~ . 7B2 0 8 . 60 X 1 o-3 

_ /, 
KI. 3 . 30 X 10 r 

i1a2~Io702/r • .:j.Ii:20 2 . 50 
- 1.). 

X 10 

CuS0 . • 5H
2

0 2 . 50 X 1 o- 5 
', 

CoC1
2 

2 . 50 X 10 - 5 



2 . lTORTE C/i.ROLEJ/. NUTRIElif'.r SOLUTI OYf (pors . con-:i. . ) 

C .-, ( ,·JO ) ,, T.T 0 '" - 3 2 • ·rL2 

Y"O '...!1 3 

1:6s0..;. . 1n2o 

Hcl'c ch(..l::'.tG* 

KH2P0:, 

K2Po,;. 

~.r no 
"3.L! -. j 

I.-h~Cl/"\ 
,.: 

Z11S 0_ 1 • TJ:?0 .. ~ 

(p=l = G. 5) 

(g/li trc ) 

3 , 18 X 10 - 1 

1 , 60 X 10- 1 

1 , 27 X 10-1 

7 , 1 :J X 10-2 

6 . 16 X 
10- 2 

5 , 96 X 10 - 2 

2 . 50 :x 10 
--2 

_ ri 

1, 10 X 10 '--

' 
7 . 00 X 1 o- 'r 

' 5 , 20 Jc 
10 - '' 

5 , 00 X 1 o-5 

2 . 00 X 10- 5 
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-l<· Geigy j30 F..c chdo.tc; Na/Fc 3+ dic t hyl cnc triru.un,2 pcnt si.ac c t a t c . 



FIG. 2. Flower distortion symptoms on TAY-infected 

'Madame E. Rogers'. Top. Non-infected flower; 

Lower. Obverse and reverse aspects of distorted 

flowers. Note smaller size. 
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FIG. 3 . Leaf distortion and 'bootlace' symptoms on 

TAY-infected Nicotiana glutinosa, 4 months 

after inoculation. 
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FIG. 4. 

FIG. 5. 

·,t· '\\ 
t. ~. .• •' 
~~- ,: ·., 

, · ,I ' , .. ~ \·•· . 

\ Jf~• ~ ,f .. ... ,, 
·,1 ~. 

•.t ·~ t .,, ·.... ,,. ; ' . . " . . -·~ •; .. '. I ·. :• ..... 

.,1",j•Vi .,.~J\ ~ : , 
I ,'tf •~ -~\.\ r• 'I ;/( · • :, ., l I , 1 (-. 

~ .. -~' ', ' 4 ,: 
' ·J . f, • .:, , . • .... 

; ,.• \ .·' 
. ., . / 

... . I .., , 
' Kt . . ' ( '•. ·, 

!l 
\ lh ~, · . , 

~ ,,· 
j i'• ,, 

I II/(• . .,,. ·.•· 

Enations on the undersurface of TAV-infected 

Nicotiana glutinosa (see Fig. 3). 

Leaf mottle and distortion in TAV-infected 

Petunia hybrida 'Rose of Heaven' 2 months 

after inoculation. 
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FIG. 6. Leaf mottle symptoms on TAV-infected Nicotiana 

tabacum 'Samsun'. Left. Healthy control plant. 

FIG. 7. Chlorotic local lesions on TAV-infected Chenopodium 

amaranticolor. L. to R. Water and Na2HPo4 (pH 7.3) 

controls; infected chrysanthemum sap diluted with 

phosphate buffer to 1: 1 and 1: 100. 



FIG. 8. Top. Flower from chrysanthemum stunt-infected 

'Shantung', note small size. Lower. Flower 

110 

from healthy control plant free of stunt symptoms. 



FIG. 9. Indexing for chrysanthemum stunt - 'Mistletoe' 

scion grafted to 'Madame E. Rogers'. 
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FIG. 10. Leaf fleck symptoms of chrysanthemum stunt on 

'Mistletoe' scion leaves. Top. Healthy 

control leaves. 
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FIG. 11. Symptoms of leaf mottle virus infection. 

L. to R. Control, 'Rivalry', 'Waltz Time', 

and 'Good News' scion on 'Rivalry'. 
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FIG. 12. Chlorotic leaf mottling on 'Rivalry' leaf 

infected with virus of the leaf mottle group. 
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FIG. 13. Electron micrograph of rod-shaped particles 

of the leaf mottle group from 'Shantung'. 
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I 
FIG. 14. Meristem-tip culture cabinet. 

FIG. 15. Dissection equipment for meristem-tip culture. 

L. to R. Dissecting knives, dissecting pad, 

drawing pens used for leaf removal. 

1~ 



FIG. 16. 

FIG. 17. 

Chrysanthemum shoot tip (15x) and meristem-tip (20x). 

Chrysanthemum meristem-tip after 6 and 12 

weeks growth in culture bottle (5x). 



FIG. 18. Chrysanthemum plantlet after transfer from 

culture bottle, prior to 'hardening off'. 

118 
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