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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 ) . 



1 5, 

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 . 




