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ABSTRACT 

Roses in New Zealand were surveyed for the presence of symptoms which 

mi gh t be caused by virus or vi rus- like graft  t ransmissib le agent s .  

Representative s amples ( 2 2 1 )  of  all symptom types  and many apparently 

symptomless  plants  we re indexed by a number of  me thods . Prunus necro tic  

ringspo t  virus was found to be widespread , oc curing in  plants both  with 

and without symptoms . Apple mo saic virus was detected in one plant and 

arabis mosaic virus was detected in some plants of  one cult ivar c lone . 

Prune dwarf virus , tob acco s t reak virus , tobacco ringspot virus , and 

st rawberry latent rings po t  virus we re no t detected . 

Two graft  transmissib le virus-like diseases of rose flowers  are 

described . One o f  them , rose pe tal fleck , was widespread in both 

obvious ly affected and symptomless plants . The other , rose co lour 

b reak , was largely confined to s ome glasshouse cut flower cult ivars 

and a few garden cultivars . 
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SUMMARY 

Two hundred and twenty one rose samples showing a wide range of  symp toms 

which might be caused by virus or  virus-like graft transmissib le agents 

were indexed for t ransmi s s ion and pe rpetuat ion on Rosa mul ti flora 

'Iowa State University 6 0 ' unde rstocks. 

Al l samples we re indexed on herbaceous hos ts and by the enzyme-linked 

immunosorbent assay ( ELISA) serological technique for prunus necro tic 

ringspot vi rus (PNRSV) , apple mosaic virus (ApMV) , prune dwarf virus 

(PDV) , danish plum line pat tern virus ( DPLPV) , tobacco streak virus 

( TSV) , t obacco ringspo t  virus ( TobRSV) , s t rawberry latent ringspot  vi rus 

( SLRSV) and arabi s  mosaic virus (ArMV) . 

A range o f  selected samples we re also indexed on ' Golden Queen ' peach 

seedlings , apple unders tocks , 'Shirofugen' cherry and Rosa multiflora 

' Burr' . 

The ELISA te chni que was modified to detect heterologous s t rains o f  PNRSV 

and a me thod was developed to detect the presence o f  any one or more of  

three vi ruses in any one or mo re o f  ten plant s simultaneously . 

One plan t only, wi th heavy gold leaf blotching, was found t o  be infected 

wi th ApMV . All othe r plants test ed wi th mosaic type leaf symptoms or 

ro se wi lt type decline and dieback of  mature plan ts were found to be 

infec ted with PNRSV as we re a number o f  apparently sympt ornless plants .  

Sympt omless ArMV was fo und on some pl ants of one cul tiva r clone only . 

No o the r viruses were detected . 

The symptoms in mature plants a t t ributed to 'rose wi l t  virus ' could 

invariab ly be associated with the presence of  PNRSV but the proli ferat ion 

symptom in maiden plan ts  could no t .  

In infected plan ts  PNRSV reached a higher ti t re in mo re me tabol ically 

act ive and younger  tis sue than in older tissue but virus could no t be 

detected in emb ryos excised from seeds . 

Four symptornless plants  o f  supposedly 'hi gh health' s t atus o f  each o f  

274 rose cultivars were indexed . Fourteen cult ivars we re posit ive for 

PNRSV and one cultivar positive for ArMV. 
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Approximately 200 cultivars of  s o-called "old and s pecies type " roses 

were indexed. Seventeen cultivars were positive for PNRSV and all 

tests for other viruses were negative . 

Six clones of  R. multiflora unders tock , in commercial use for some years , 

were all at least in part infe cted wi th PNRSV but were  ne gative for 

other viruses .  

A po lyacrylamide ge l electrophores i s  separation o f  ribonuc leic acid 

(RNA) extracted from PNRSV showed a multipartite genome wi th RNA 

with mo lecular we i ghts of ab out 1 . 4 ,  1 . 0 ,  0 . 7  and 0 . 3  + 106• 

Two virus-like diseases of flowers were des cribed . Rose petal f leck 

( RPF) and rose colour b reak ( RCB) were transmitted by grafting both 

separate ly and together to healthy rose plants . No causal agent was 

detected for these disorders . 

Rose petal fleck was widespread occuring in both obvious ly infected and 

apparently symptomless cultivars . A number of so-called "old and species 

type" roses cons istently had flecke d pe tals which is cons idered normal 

for those cultivars . On indexing they were found to have RPF .  

Ros e  colour b reak was found only occas iona lly , mainly in glasshouse 

cutf lower varieties . 
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PREFACE 

With increased unde rstanding and recognit ion o f  the effects  of virus 

infec tion ,  transmission and perpe t uat ion in veget ively propagated 

woody plants  it has become essential for the hort icultural industry 

t o  have access to  pro pagat ive material as free o f  vi ral pathogens 

as po s s ib le .  

To achieve th is  obj ective a knowledge o f  the virus and virus-like 

pa thogens infec ting a crop and rapid and reliab le methods for 

their detect ion are es sent ial . 

Crops considered to b e  o f  signi ficance t o the New Zealand economy 

have been given high priority by the Department o f  Sc ienti fic  and 

Indust rial Re search for such inve s t i gat ions . 

Although roses are an important nursery and cut flower crop within 

New Zea land they have a relat ively low export po tential and there fore 

despi t e  an obvious need for invest igation of their viral s tatus the 

same priority c ould not be given to roses as to export fruit crops . 

However ,  in recognition of the urgent need for research in rose 

viruses the DS IR made funds availab le to Massey Univers i ty in 1978  

fo r a Rose  Research Contract . 

The New Zealand rose industry and the rose  growing public at  large 

are indebted to  DSIR for providing the funds which made this 

inve st igation pos sib le . The cont inuing work by the New Zealand 

Nursery Research Centre , at Massey Universi ty , is now enab ling 

the pract i cal applicat ion of these resul ts . 

I wish to express my thanks to Professor K . S .  Milne and the 

Department of  Hort icult ure and Plant Health at Massey University 

for guidance ,  support  and patience , and t o  Mr H . F .  Ne ilson for 

invaluab le technical assis tance . The o pportunity to  work with 

Dr J . B .  Sweet (Massey Post-doct oral Fellow) , who had considerable 

experience with viruses of rosaceous plants  wa s also mo s t  helpful . 
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For the supply o f  materials , anti sera and advice , thanks are due 

to Dr P . F .  Fry ,  Plant Diseases Division , DSIR ,  Auckland , 

Professor R .W .  Fulton , University o f  Wi sconson , U . S . A .  and 

Dr B . D .  Harrison , Scottish Horticultura l Research Ins ititute , U . K .  

Members o f  the nursery industry throughout New Zealand have always 

been supportive , allowing access to their crops and the opportuni ty 

to collect material for investigation . I trust these results will  

be o f  benefit to them in  the future . 

Last but not leas t, my thanks to my wife and family for their 

patience and long- s uffe ri ng un d ers t anding. 

P . C .  Gardner 

June 1 9 8 3  
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CHAPTER 1 

INTRODUCTION 

Over the pas t  10 to 15 years , increas ing concern has been expressed 

by nurserymen and the rose growing public at  the apparent increase 

in the incidence of virus and virus-like diseases in roses in New 

Zealand . In 1 978  DSIR made funds available for a three year Rose 

Res earch Contract UV/4 / 31 s pecifically for an inves t igation of  

viruses affecting roses in New Zealand . Thi s  inve s tigation is  a 

direct result of  that gran t . 

As has been the case in the past with many vegetatively propagated 

hort icultural subj ects the occasional virus infect ion of roses has 

been perpe tuated by the use of  infected mat erial for propagat i on .  

Unt i l  recen t ly i t  has been standard nursery pract ice in New Zealand 

to bud-graft rose cult i vars onto  rooted cutt ings of Rosa multiflora 

Thunb.  t aken during winter from the s tock t ops of plants  budded the 

previous season . Budwood for bud-graft ing during s ummer being also 

taken from the same plants . 

Not only may budwood from an infected plant produce a number o f  

infected plant s  o f  that variety the following season , but also 

infected s tock cutt ings from that plan t  may be budded with buds o f  

previously uninfected varieties . Over a number of  years this practice 

may result in widespread infect i on in the whole crop. 

In many o ther rose-producing countries, where commercial crops are 

propagated on seedling unders tocks the s pread o f  infection appears t o  

be less rapi d .  The poss ibi l i ty o f  seedborne infect ion with Prunus 

necro t i c  ringspo t  virus (PNRSV) in R . multiflora seedlings of the order 

of  one percen t  has been reported ( 2 38, 2 4 3 ) . 

The aim of  this inve s tigation has been to  survey the virus and virus

like graf t  t ransmiss ible disorders of roses in New Zealand ; isolate , 

characterise and iden t i fy the causal agen t s ; examine various methods 

of  indexing us ing herbaceous and woody indicator hos t s ; puri fy , 

prepare antisera to  viruses isolated and examine var ious serological 

methods for rapid detec t ion of  these viruses in roses . 



-2-

Source of Rose Mater ial 

Init ially a general survey of roses in the North I sland was carried 

out . Vi sits  were made to public rose gardens and public rose plantings 

in Wel lington , Lower Hut t ,  Levin , Palmerston Nor th ,  Has t ings , Nap ier , 

Wanganui , Taihape , Hawera , New Plymouth , Ro torua , Te Kui t i , Hamil ton 

and Auckland . A number of priva te rose gardens in these towns were 

also inspected . All maj or rose producing nurseries in the North 

Island were inspected as we ll as three maj or growers of glasshouse 

roses for cut flowers . 

During these inspections samp les of budwood were collected from a 

select ion of  plant s  to give a range of all symptom types which may 

possibly have been att ributable to virus or virus-like pathogens . 

This  select ion included al l growt h ,  leaf or flower abnormalities  

observed which had no obvious other pathogenic cause . They were 

selected so as to no t give too many samples of the same or simi lar 

symp toms and therefore cannot be considered as a statistical sample 

of the occurrence of symptoms . Two hundred and twenty one samples 

were collected at variou s times and each sample was initially budded 

to five R. mul ti flora ' I SU-60 '  cut t ing grown understocks . After the 

buds had taken , the s tock top s of three of each five understocks we re 

removed and the grafts  grown on as rose bushes . The s tock tops of the 

o ther two were left  in situ . 

The symp toms observed on each source plant at  the t ime of  col lecting 

samples were recorded. The p lant s  to which the samples had been 

grafted were observed over two to three growing seasons . The two 

plant s  of each samp le wi th the st ock top int act were examined for 

t ransmis s ion of symp toms and the rose bushes  were examined for 

perpetuation of symp toms and any pro gre ss  or development of  further 

symp t oms . 

This  collect ion of plant s produced from the samples was used as 

source material for all subsequen t inve s t i gat ions including transmis s ion 

to herbaceous hos t s ,  virus purificat ion and ant iserum produc t ion , 
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serological testing , electron microscope examinat ion and further 

indexing by budding to Prunus serrulata L indl . ' Shiro fugen ' ,  

R .  mul ti flora ' Burr ' , virus free seedlings o f  P .  persi ca ' Golden Queen ' , 

virus free apple  unders tocks , and double budding with suscept ible 

rose cul t ivars as indicators for rose pe tal fleck (RPF) and rose colour 

break ( RCB ) . 

This  collect ion of  p lant s  will be referred to hereafter as the 

"disease co llection" . 

A se cond collec t ion of  ro se p lant s  which had been commenced late in 

1 970, buil t  up in the main during 1 97 1 -72 and subsequently added to 

from t ime to t ime , will be re ferred to as "high health mother p lant s " .  

Thi s  collec tion consi sted o f  4 p lant s  per cul tivar o f  274 cult ivars 

ob tained from sources as likely to be free of known viruses as 

poss ible . The maj ority of cult ivars we re obtained direct  from the 

breeder of each cultivar and the budwood obtained from p lant s  � s  

close a s  possible at the t ime to the original hybrid seedlin g ,  from 

which the clone originated . 

Other addi t ions to the collec t ion were made from amateur and commercial 

sources known to be endeavouring to maintain p lants free of  known 

viruses . 

The high health mother pl ant s  were regularly checked over subsequen t  

years b y  observat ion and by observat ion of their progeny i n  a nursery 

si tuat ion for any sign of  virus like disorders . In the case of  two 

cult ivars approximately 25% o f  the progeny showed the vein-banding 

symp tom usually associated wi th PNRSV and/or ArMV . The offending one 

of the four mo ther plan t s  in both cases was identi fied and destroyed . 

Subsequent progeny appeared healthy . 

A third collec t ion involved in this inve s t i gation consisted o f  one 

plant each of approximat ely 200 "old and species" type rose s si tuated 

at a nursery involved in the product ion of  thi s type of  rose . 
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In addit ion 1 5  cult ivar clones and six roo t s t ock clones of  varieties , 

no t known to be avai lable in New Zealand as high health material , 

were imported from the University of California , USA , foundation 

s to ck o f  heat treated and indexed roses . 
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Rose  Symptoms 

In the course of this s tudy a wide range of symptoms were observed 

in rose s . Some symp toms were cons is tently associated with viruses ,  

some symp toms were regularly graft-transmi t ted but no pathogen was 

found tha t  could be associated with them , some symp toms were able 

to be perpetuated by graf ting but were not transmi t ted to healthy 

roses and o ther symp toms were only characteri s t i c  of the source plant 

and were no t perpetuated by grafting . 

Express ion of symp toms i s  often variable and they do not always fall 

clearly into any one category . They can however be approximately 

defined and classified as follows : 

A .  Symptoms found to be associated wi th virus 

1 .  Vein banding , referred to in the USA and I taly as yellow vein 

or yellow mosaic , is described as broad chlorotic yellow bands 

about the midrib and as a chevron pattern about the main lateral 

ve ins . 

2. Vein net t ing invo lving a finely ne tted chloro sis  of all minor veins . 

3 .  Chlorotic  l ine patt erns may take the form of ei ther an oakleaf 

shaped pat tern or random lines and rings . Symp toms were recorded 

as e i ther heavy or  light depending on colour intensity and either 

broad or fine depending on width . 

4. Large , 5mm or mo re , chloro t ic yellow blotches . 

5 .  Chlorotic  mo ttle , expressed as 2-4mm chloro t ic spo t s , which may 

be dense or diffuse . 

6 .  Li ght chlorotic s t ipple - a very fine stippling or frosting e f fect  

wi th the · s t ipples less than 1mm in diameter (plants  with thi s symp tom 

subsequently showed rose wi lt  type symp t oms ) .  

NOTE : The symp toms ( 1-6  inclusive ) jus t described can be grouped as 

ro se mo saic type symp toms . 

7. General decl ine and re duction in size of  the plant usually 

accompanied by the following three symp toms (8  to 10 inclusive ) 

which also may oc cur separately on other plant s .  

8 .  Rose tting . Little  leaves becoming recurved and bunched togethe r 

on short shoots  wi th no internodal elongation , arising from 

lateral buds on previous seasons cane s on ma ture bushes . 
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9. Dieback and ne crosis  of old canes . 

1 0 .  Thin , twiggy , abort ive lateral shoo t s  with normal internodal 

elongat ion but of less  than normal diameter with somewhat smaller 

than normal leaves wi th epinastic  leafle t s  recurved about the 

rachis and cupped abaxially . 

NOTE : The symp toms ( 7- 1 0  inclusive ) j ust  described occurring on mature 

bushes can be referred to col lec tive ly as rose wilt  type symptoms . 

B .  Virus-like symptoms 

Symp toms which could be regularly graft-transmi t ted but no pathogen 

could be associated wi th them . 

1 .  Rose petal fleck (RPF) is  expre ssed in the flowers of rose 

varie ties , with flowe rs of orange, red or purp le shades , as small ,  

irregular , elongated flecks o f  deeper colour . The flecks are 

elongated in the direct ion of the veins at the outer edge of the 

petal and are generally between 5 and 15mm in lengt h .  Where flecks 

are adj acent they are j oined by lateral bands giving patches of 

flecking wi th an appearance re sembling ' chinese charac ters ' .  

Mild symp toms are more apparent towards  the edges on the inner 

surface of the petal s .  The fle cked t i s sue appears shrunken with 

resultant loss of  petal text ure giving a crepe-paper appearance 

and consequent loss  of cut-life . In tho se ro se varie ties  with 

flowers of whi te , ye llow and some p ink shades some loss o f  petal 

texture may be apparen t or they may be virtually symp tomle ss . 

2. Rose colour break (RCB ) , as described by Hunter ( 1 5 3 ,  1 5 4 )  in 

' Queen Elizabeth ' is expre ssed in i t s  severe s t  form as a distinct 

greening of  the petals wi th the main ve ins thickened . The outer 

petals are reduced in s i ze , green with thickened veins , crimped 

and distorted appearing almost  fle shy and let tuce-like . The 

inner petals may be papery with blotched areas of colour variat ion . 

In milder forms it  may be expressed only on the outer pe tals as 

a sl ight crimping with the main ve ins appearing more prominent 

on the reverse of the petals and tinged wi th red or green 
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C.  Non-transmissible symptoms 

Various symp toms observed and recorded o f  uncertain et iology . Some 

were perpetuated by grafting and were probably chimeral . Others were 

not and were probably due to physiological conditions , mineral 

def i ciencies ,  spray damage and other than viral pathogens . 

None o f  these symptoms were cons i stently associated wi th any of  the 

viruses studied . 

1 .  Prol iferat ion . The first shoot from a grafted bud is  short 

(one to 20cm ) ,  tapers quickly to a more or less  necro tic  tip 

and bears leave s wi th normal si zed st ipules but grossly reduced 

leaflets . Thi s is  fol lowed by mul t ip le shoo ts  with s imilar 
I 

symptoms arising from the grafted bud and/or the base o f  the 

first  shoot . More normal shoots  may arise and i f  the graft 

does no t break at the union these will produce a normal plant 

i f  no o ther unassociated pathogens are p resent . 

The proli feration symp tom in New Zealand is generally associated 

with excess ive callus t i s sue at the graf t union and may also be 

asso ciated with excessive callus and galling of  the understock 

at the s i te of  other wounds ( 1 1 1 ,  1 12 ) . 

2 .  Failure o f  the grafted bud to  grow ei ther may be an extreme 

expression o f  the proli ferat ion symp tom or may be due to 

o ther causes such as faulty technique . 

3 .  S tem spl i t t ing and co rkine ss  

4 .  Stem purple blo t ching and /or necrotic patches 

5 .  Pellucid do t s  on stems due to raised , watersoaked spo t s  in the 

vic ini ty of  lenticels . 

6 .  A general reduction in size wi th al l the plant part s reduced to 

50 to 75% of no rmal size . 

7 .  An extreme bushy s tun t wi th all the growth thin and twi ggy and 

the mature plant reduced to le s s  than quarter normal size . 

8 .  Wilting o f  so f t  growth on young cane s which either may o r  may no t 

be followed by dieback and necrosis  of  young canes . (This symp tom 

is  typical of  infe c tion by Vertici l l i um wil t  fungi ) . 

9. Bullate leaflets giving a blis tered e f fec t with the margins 

recurved and the interveinal areas arched upwards (adaxially) 

1 0 .  Sp l i t t ing and corkiness o f  the rachis .  
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1 1 .  Vein clearing and flecking involving small irregular 

trans lucent areas on and about veins . 

1 2 .  Narrow strap-shaped leaflet s .  

1 3 .  Leafy enations on the midrib and veins . 

1 4 .  General yellowing and thin , unthrifty appearance o f  the leaves .  

1 5 . Pale green between the veins o f  the leafle t s . 

1 6 .  Premature senescence o f  the leave s .  

1 7 .  Reduct ion in size o f  pe tals may occur in flowers of  a varie ty , 

which normal ly has flowers o f  the overlapping classical Hybrid 

Tea form,  result ing in a mass  o f  small ,  narrow , rather s t rap 

shaped petals . 

1 8 . Cupp ing o f  petals wi th some reduct ion in number and size usually 

associated wi th a slight shi f t  in colour away from that normal 

for the varie t y .  

1 9 . Phyl lody o f  the carpels which then prot rude from the centre o f  

the flower . 
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Rose Mosaic Review 

The term " rose mo sai c virus" has been used loosely by mos t  wo rkers 

in thi s field to apply to any graft transmissible pathogen associated 

wi th mosaic type symp toms in ro se . As wi ll  be subsequently described 

these symp toms have been associated with a number of different virus 

ent i t ies . In this report the term "rose mosaic"  wi ll  be used to 

describe symp toms of  this type and where possible the virus as sociated 

wi th the symp toms wi ll be quoted . 

Fulton ' s  ( 9 2 )  isolate from Rosa setigera Mi chx . with mosai c type 

symp toms was subsequently shown to be serologically identical with  

apple mosaic virus (ApMV) ( 1 0 0 ,  1 0 1 ) . Many other isolates from 

roses showing various mosaic type symp toms have been shown by various 

authors to be PNRSV . 

A number o f  other viruses have also been associated with mosaic type 

symptoms in rose . 

An iso late of  tobacco s t reak virus (TSV) was ob tained from a rose with 

chloro t i c  patches and chlorosis of the veins ( 1 0 3 ) . 

Roses with mo sai c symp toms in Iowa , USA , yielded tobacco ringspot 

virus ( Tab RSV) ( 1 84 ) . 

The isolation by Halliwell & Milbrath ( 1 30 )  o f  tomato ringspo t  virus 

(Tom RSV) from ro ses exhibiting rose mosaic has not been confirmed and 

may be suspect in the ligh t  o f  the serologi cal react ions they reported . 

Arabi s  mosaic virus (ArMV) and occasionally strawberry latent ringspot 

virus ( SLRSV) may also be associated wi th symp toms which can be confused 

wi th ro se mosaic ( 1 5 7 ,  1 5 8 ,  2 5 3 ) . 

Ro se ring pat tern a graft transmissible virus-like disease also has 

symptoms of the ro se mosaic type 
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One o f  the symp toms att ributed to  rose s t reak, name ly yellowish-green 

ve inband ing, resembles veinbanding associated with the rose mosaic 

syndrome but with rose streak thi s is accompanied by other symptoms 

no t of the rose mosaic type ( 3 7 ) . 

The following review of the literat ure outline s the pro gress  in 

.elucidating the viruses associated wi th the rose mosaic comp lex.  

The first  evidence of  the  existence of  a gra ft transmissible chloros i s  

of the rose was re corded i n  France b y  Vibert i n  1 8 6 3  when h e  described 

the e f fect  of  graf ting chloro t i c  materia l onto root s tocks . 

I t  was no t unt i l  some 65  years later that White  publi shed a series 

of papers on an infect ious chloro sis  of  ro ses in USA ( 280 , 28 1 ,  2 8 2 )  

and further reported ( 2 8 3 )  the e f f e c t  of  mosaic o n  flower produc t ion 

of the rose cul tivar ' Talisman ' . 

The importance of  Rosa canina L .  roo tstock in the dissemination of  

rose mo saic in  Czechoslovakia was recognised by  Blat tny ( 2 2 ) . 

During the 1 9 30 ' s there were numerous reports in the USA of  rose mo saic 

type symptoms ( 35 ,  1 8 7 , 1 9 3 ,  1 9 9 ,  256 , 2 7 9 )  and also in I t aly ( 1 15 ) . 

Subsequently rose mo saic has been recorded in many countries including 

New Zealand ( 9 0 ) , Denmark ( 1 72 ) , South Afri ca ( 1 9 2 ) , Britain ( 84 ,  1 4 3 ) , 

India ( 2 0 ,  22 6 ) , Germany ( 2 2 9 ,  2 30 ) , Hol land ( 2 7 ,  2 8 ) , Aus tralia ( 1 9 ) , 

Cuba ( 1 6 0 ) , Crimea and Southern Ukraine ( 2 9 1 )  and France (44) . 

In USA three dis tinct mosaic types  were recognised:- "Rose Mosaic 1 "  

chlorot i c  spo t s  and flecking wi th adj acent dis tort ion ; "Rose Mosaic 2 "  

chloro t i c  line s bands and broad blotches ; "Rose Mosaic 3"  - broad 

chloro t ic b lo t ches , oak-leaf pat tern ,  vein c learing and a few lines 

and rings ( 2 5 6 ) . 

By 1 95 6  rose mo saic virus in two distinct symptom forms - vein banding 

and line pattern - was widespread in New Zealand ( 9 0 ) . Subsequently 

a further symp tom form ,  chloro t i c  mo ttle , was described and a comparison 

made o f  the effect  of  these three forms on growth and flowering ( 15 1 ,  1 5 2 ) . 



- 1 1 -

Graf t i ng t o  rose of  pip and s tone fruit with virus symp toms ,  including 

apple mosaic ( 2 56 ) , Winters peach mosaic ( 2 5 7 ) , and peach yellow bud ( 2 5 7) , 

did produce mosaic symp toms in ros e, although not ident ical to  the three 

types j us t  describ ed . 

Brierley & Smith ( 3 7 )  found that the various types o f  mosaic symptoms 

were not cons tant , but rather varied when trans mi t ted  to  different rose 

variet ies and tended t o  change from one type to  another in the one variety . 

These  researchers failed to reproduce rose mosaic symp toms with any o f  the 

31  species of  insect  tested for trans mis s ion.  

A popular summary o f  the knowledge to date of  the virus diseases o f  roses 

appeared in the American Ros e  Annual 1944 ( 19 1 ) . 

Roses with mosaic symp toms,  budded onto  peach, produced typical ringspot 

symp toms in peach ( 6 1 ) . 

Based on similarit ies of  symp toms in cucumber, infec t ivity, and some 

phys ical properties,  Gilmer (116,  11 7 )  suggested that two virus isolates 

obtained from R.multiflora were ident ical to  those from several Prunus L .  

spp . and were probab ly PNRSV . 

In I taly a rose with yellow mosaic symp toms gave typical PNRSV symp toms 

and killed ' Kwanzan' cherry when chip budded into it (124)  and further 

t ransmi ssion tests  supported this view (125 ) . 

Thirty eight percent of roses tes ted in Washington were infected with 

PNRSV ( 1 6 3 ) . 

The first  report of  mechanical transmiss ion from a rose to  herbaceous 

hos t s - cucumber (Cucumus sativus L), and cowpea (Vigna sinesis Savi . )  -

was from Rosa setigera showing mosaic type symptoms ( 9 2 ) . 

The reports o f  Halliwell & Milbrath (130)  and Halliwell (19 31 ) , on the 

isolat ion and identif ication of tomato  ringspot  virus (Tom RSV) from 

rose p lant s  exhibi ting rose mosaic, appears contradictory after 

cons idering subsequent work . These  workers claimed a serological 

rela t ionship between three of their isolates of  rose mosaic, 

Fult on ' s ( 9 2 )  isolate of  rose mosaic, and Tom RSV . Fulton ( 9 9 )  
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sub sequently showed that his isolate of  rose mo saic was no t serologically 

related to Tom RSV .  Al though h i s  isolate o f  ro se mosaic had some 

antigens in common wi th PNRSV it was serologically identical  with ApMV 

( 1 0 0 ,  1 0 1 ) . As Tom RSV is  now known to be a nepovi rus and no t related 

to the ilarvirus group � Halliwel l ' s ( 1 3 1 )  findings mus t  be suspect without 

subsequent confirmation . He did however , find that PNRSV oc curred in 

45% of the roses tested in Oregon . 

The relationship be tween some of  the viruses occurring in p ip and s tone 

frui t and ro se was fur ther elucidated when Ful ton ( 1 00 , 1 0 1 )  reported 

that Danish plum l ine patt ern virus ( DPLPV) and PNRSV were two strains 

of a s ingle serotype . 

Whi le endeavouring to sort out the various viruses and virus strains 

causing mosaics and ringspots  in apple , rose and s tone frui t s , Traylor 

Williams and Nyland ( 2 6 3 )  using various Prunus ringsp ot virus cultures from 

stone frui t s , Fulton ' s  ringsp ot virus cultures A , E , G ,  & H and rose 

virus cultures from Cal i fornia typical of  rose mosaic or rose yellow 

mosaic , found that mos t  stone fruit  isolates caused typical rose mosaic 

symp toms on rose and mo s t  rose isolates caused typical Prunus ringspot  

symptoms on stone fruit indicators . 

In Oregon,  4 0  i solates from 60  roses gave typ ical non-yellows Prun us 

ringspo t virus symp toms on But tercup squash - but 28 of these also 

infected Bount i ful bean . Ro ses indexing pos i t ive on Shirofugen 

infec ted both squash and bean . Six rose isolates infected bean but 

return inoculations to squash were ne gat ive . As no stone fruit Prunus 

ringsp o t  isolates from Oregon had infected beans it appeared that these 

rose isolates were similar to tho se in stone frui ts  in the midwest  and 

eastern USA ( 1 3 7 ) . 

Tes t ing o f  roses from various parts of  USA wi th ant i serum to Fulton ' s 

( 9 2 )  isolate APMV and PNRSV ant isera re sulted in all;eight isolates 

obtained from Cali fornia reacting wi th PNRSV ant i serum ; of three from 

Kansas one reac ted wi th Ful t on' s  ( 92) isolate ApMV ant i serum and two 

wi th PNRSV ant i serum ; and of  five from Wi scons in three reacted with 

Fulton� ( 92 )  isolate ApMV ant i serum , one with PNRSV ant iserum and one 

failed to react wi th ei ther ( 9 9 ) . This  isolate whi ch showed symp toms o f  
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chloro t i c  patches and chlorosis  of the veins was charac terized and 
• 

found to be typical of  TSV ( 1 03) . 

Wild  roses (Rosa L .  spp) from 4 of 1 7  co llecting sites  in Oregon 

we re found to be infected wi th TSV ( 6 6 ) . 

In Iowa a further virus (Tab RSV) , was isolated from roses with mosaic 

symp toms ( 1 84 ) . 

Rose s t reak which has some symp toms simi lar to rose mosaic was first  

reported by Brierley in 1 9 35 ( 34 )  and later described in detail ( 3 7 ) . 

Rose s t reak has also been reported once in Europe ( 2 3 1 ) , in South Africa 

( 16 6 ) , and in USA ( 2 32 ) . I t  does not appear to have become a maj or 

problem anywhere as the re is l i t t le else in the li terature . Ikin and 

Fro s t  ( 15 7 )  concluded there was no evidence of this disease in 

commercial crops in Great Britain . 

From California there has been a recent report of a virus-l ike disease 

o f  roses wi th fine line pat terns , rings and chlorot i c  flecking of the 

leaves similar to rose mo saic ;  thi s was first  tentat ive ly called 

"rose X" disease ( 2 32 ) . A further more detailed report of  the 

charac teri s t i c s  of  this disease ( 2 33 )  named it rose ring pattern and 

considered it a further component of the rose mo saic complex.  No 

causal agent was ident if ied . 

In Aust ralia a virus was isolated from roses showing l ine patt ern 

symp toms ( 1 9 ) . The isolates reaced in ge l-diffusion tests  against 

ant is era t o  both PNRSV and ApMV se rotype s .  I t  was reported that the 

Aus tralian isolates only infe cted C. sa ti vus and Che�opodi um quinoa 

Wi lld . as herbaceous hos t s  al though a bac terium ,  Pseudomonas Migula . sp . 

t ransmi t ted simultaneously caused virus-like symp toms on Momordi ca 

bal sami na L . ,  V.  sinensi s and guar (Cyamopsi s  tetragonol pba L . ) ( 1 8 ) , 

all o f  which had previously been reported as ho s t s  of  virus from rose 

mosaic p lants  ( 92 , 9 9 ) . 

The grea t variat ion in symp tom severity and expre ssion , depending on 

virus isolate and cul t ivars infected , wa s examined by budding various 

isolates to a range of cult ivars ( 30 ) . Mi ld iso lates in some varieties 

produced severe symp toms in othe rs and vice vers a .  Both  ApMV and PNRSV 
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types were s tudied and although ApMV was generally more severe t he 

symptoms produced were often indi s t inguishable from those produced 

by PNRSV . 

A virus transmi tt ed from ro se wi th yel low net symptoms was shown , 

by symp toms on he rbaceous ho s t s  and serological reac t ion , to  be PNRSV 

( 10 7 ,  108) . Thi s isolate however could only be transmi t ted from rose 

using polyvinylpyrrolidone and unlike other  isolates of  PNRSV could 

not be t ransmit ted to Prunus mahaleb L .  Prunus pensyl vani ca L�f . or 

Prunus persi ca Batsch.  

There are few reports in  t he literature of  viruses associated wi t h  

rose mo saic being successfully transmi tted from rose to he rbaceous 

ho s t s  and back to rose . 

Ful ton ' s  ori ginal isolate of  rose mosaic ( 9 2 ) , subsequent ly shown to be 

an ApMV sero type ( 1 00 , 1 0 1 ) , was transmi t t ed from rose to cowp ea and 

back to ro se by rubbing an infectious extract of cowp ea leaves on t he 

root s  of a R. seti gera seedling .  The rose showed character i s t i c  

symp toms and the virus was mec hani cally transmi tted from it  back t o  

herbaceous h o s t s  and b y  grafting to other roses ( 9 2 ) . 

A virus , indexed as PNRSV , was selected from a single local lesion on 

C .  sati vus, mult ip l ied in Chenopodi um, gra ft transmi t ted to  peach 

seedlings and t hen graft  transmi t ted from peach to Rosa indi ca Hart . 

seedlings . Typical ringspot symp toms were observed on t he R. indica ( 4 4 ) . 

Al though it  is  probably more analagous to graft transmi ssion from ro se 

to o t her rosaceous frui t t rees as al ready described , Frazier ( 85 )  

reported a successful attemp t t o  transmit  rose mo saic by grafting from 

rose to s t rawberry (Fragari a vesca L . ) and back to ro se where t he 

original symp toms were reproduced . 

The te chnique of  using s t rawberry as an indicator ho st  for rose viruses 

�as described by Frazier ( 8 5 )  is  one which probably should have been used 

more widely by subsequen t investigators . He no t only transmi t ted t he 

three types of ro se mo saic ,  as desc ribed by Thomas and Massey ( 2 5 6 ) , 

but also showed positive t ransmi ssions wi th ten out of  eleven roses 
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showing a variety of virus symp toms o t her t han typ ical mosaics . Also 

six out o f  seventeen symp tomless roses , t hough� to be virus- free , indexed 

posi tive on s trawberry . 

In England t he presence o f  bot h  arabis mo saic virus (ArMV) and s trawberry 

latent ringspo t  virus (SLRSV) in field grown roses was confirmed although 

it appeared likely t hat in some cases infect ion by SLRSV may have been 

introduced in imported roo t s tocks rather t han acquired locally ( 4 3 ) . 

Harri son ( 1 38 )  s howed t hat v i r u l i fe rous nematode s ,  Xiphinema di versicaudatum 

Micol . ,  from soil in a glasshouse growing SLRSV infec ted roses , transmit ted 

t he virus to cucumber seedlings . Also some s tunted s tandard roses from 

Northern I reland were infected wit h  SLRSV.  One also contained ArMV . 

Ikin ( 15 6 )  confirmed that  SLRSV was being disseminated in Great Britain 

by infec ted imported Rosa rugosa s tandard roo t stocks . 

St rawberry latent ringspot virus was reported for t he first t ime in 

glasshouse roses in the Ne t herlands ( 2 9 ) . 

A survey of virus diseases o f  roses in the United Kingdom revealed t hat  

i n  some nurseries S LRSV occurred very frequent ly in  standard roses budded 

on Rosa rugosa Thunb . root s tocks and in one nursery mos t  of t he 

cultivars budded on R .  rugosa standards were infected wit h  ArMV ( 1 5 7 ) . 

Fol lowing a meet ing with t he Bri t i s h  research workers in t his field t he 

Dut ch ins t ituted a survey of  the areas being cropped for R .  rugosa 

st andard canes . They found t hat  the dist ribution and percent age of  

infection closely app roximated t hat  found on  R .  rugosa standards in  

Great Bri tain . Three out o f  twenty five Dutc h  nurseries had about 2 0% 

infect ion , two of  which had SLRSV only and one ArMV ( 2 6 8 ) . 

In glasshouse roses infec t ions of S LRSV and ArMV were found to be 

associated wi th t he p resence of  vi�li ferous nematode ve ctors which 

appeared to be  responsible for  the spread of infe c tion as no  virus 

was found infec t ing any of the roo t s tocks or young nursery plants  

(238 ,  2 3 9 ,  240) . 
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Eight bat ches of  imported R .  rugosa roo t s to cks from different sources 

in continental Europe were grown and budded and assessmen t s  of  the 

incidence of  SLRSV were made on 1 000 plants in each bat ch ( 2 4 1 ) .  The 

dist ribut ion and percentages of infe c tion was similar to that reported 

by earlier workers ( 15 7 ,  2 6 8 ) . 

In a summary o f  virus disease o f  roses in the U . K .  Ikin and Fro s t  ( 1 5 7 )  

reported no t only that both PNRSV and ApMV were present but also that 

they o c curred as mixtures of  these two viruses with either ArMV or  TSV . 

Thomas ( 2 4 9 )  on the cont rary reported PNRSV to  be the only i larvirus in 

roses in the U . K .  

A study o f  the incidence, distri bution and e f fect s  o f  SLRSV in the U . K .  

was made using Chenopodum amaran ti color Cas t e  & Reyn . C .  quinoa and 

c. sati vus as herbaceous indicators with serological ge l-diffusion tests  

of the herbaceous hos t s  for  confirmat ion ( 1 5 8 ) . 

An extens ive survey of  the rose mosaic comp lex in the U . K .  recorded 

mo saic type symp toms assoc iated with ArMV and PNRSV ei ther separately 

or together . Although ApMV was gra ft-inoculated from apple to  rose 

it  was not found occurring naturally in the U . K .  ( 2 5 3 ) . Chlorot i c  vein 

banding was generally associated with infect ion s of ArMV p lus PNRSV 

although during prolonged periods of high temperatures the symptom 

occurred in some roses infected only wi th PNRSV . Thomas ( 2 5 3 )  sugges ted 

that as rose mosaic is  a complex disease, the various sympt oms being 

induced by more than one virus, the virus ( e s )  should, where possible,  

be named when us ing the term .  

The maj or factor involved in the spread of  rose mosaic in rose 

appears to be the use of  infected propagat ive material . 

In Virginia, USA, growing mo saic-infec ted ro ses next to heat cured 

plant s failed to provide any evidence of natural transmis sion ( 1 4 9 ) . 

The possibility o f  seed transmis sion of  a rose mosaic type symp tom 

was raised in a report from I taly in 1 96 3  of  seed from a plant showing 

sympt oms of rose yellow mosaic produc ing seedlings wi th s imilar symp toms, 
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al though the symptoms did no t appear until  the second year of  growth 

( 1 2 6 ) . I t  was not known however ,  which virus was associated wi th the 

symp toms transmit t e d .  

The term " ro se yellow mosaic " refers to the mosaic symptom now generally 

known as vein banding which is  frequent ly associated wi th the pre sence 

of ei ther ArMV alone or together wi th PNRSV ( 2 5 3 ) . 

Both ArMV ( 1 7 3 )  and PNRSV ( 4 9 ,  6 0 )  are known to be seed transmi t ted 

in hos t s  o ther than rose . 

Seed t ransmis sion of PNRSV in Rosa multiflora was indi cated when three 

seedlings among plan t s  from two bat ches of  approximately 100 seed showed 

chloro t i c  line pa ttern symptoms ( 2 38) . PNRSV was subsequent ly i solated 

from two o f  these three ind icating approximately 1% level of seed 

t ransmi s s ion ( 2 4 3 ) . Pollen transmiss ion was unlikely as few of  the 

seedlings had flowered . PNRSV was detected in ELI SA tests  in the 

pollen of infected rose cvs ' Peace ' and ' Queen Elizabeth ' but not in the 

pollen o f  infected R. mul tiflora (242 ) . 

There does no t appear to be any evidence in the literature of  natural 

transmis s ion , other than by gra ft ing , of ilarviruses in rose except 

the repor t s  from Sweet ( 238 , 242 , 2 4 3 ) . The report of  seed transmi ssion 

from I t aly ( 1 2 6 )  would seem from the symptoms transmi t ted , to be more 

likely transmiss ion of the nepovirus ArMV. 

Vec tor transmssion of  the nepoviruses  ArMV and SLRSV in rose by nematodes 

would appear likely as viruliferous nematodes are frequently 

associa ted with roses infected wi th these viruses ( 1 38 ,  238 , 2 3 9 ,  240) . 

The first  use o f  heat treatment on mo saic infected roses to produce 

apparently healthy growth was reported by Holmes ( 1 46 , 1 4 7 ,  1 4 8 ) . 

Although no de tails are given Nyland & Goheen ( 1 96 4 )  reported inactivat ing 

at lea st  one virus in rose by heat treatment . 

Heat t rea tment for rose mosaic resulted in six c lonal lines o f  rose 

roo t s to cks and 25  commercial rose varieties being indexed free o f  

virus (2 6 1 ) . 
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Heat treated (virus free ) material of ' Chrysler Imperial ' produced 

a higher proportion of top grade p lants  than material infected with 

PNRSV ( 1 8 1 ,  1 8 2 ) . 

Similarly in a commercial glasshouse hea t treated virus tested ' Baccara ' 

yielded 1 3 . 5 %  more blooms than commercial stock ( 2 1 5 ,  2 16 ) . 

To summarise , the various chloro tic patterns , flecking ,  vein b andin�, 

vei n ne t t ing ,  mosaic and yellow mosaic occurring in the leaves of 

roses and loosely termed rose mosaic may be caused by the same virus 

in d if ferent cult ivars , di f ferent isolates of  the same virus or by 

d ifferent viruses  either singly or in mixed infect ions . 

The viruse s  whi ch to date , have been associated with some or all  of  

the symp toms are : 

PNRSV ( 9 9 )  

ApMV ( 1 0 0 ,  1 0 1 )  

ArMV ( 1 5 7 , 1 5 8 )  

Tob RSV ( 1 84 ) 

TSV ( 1 0 3 ,  Farrar & Frost  c ited Ikin & Frost  ( 1 5 7 )  

SLRSV , yellow flecking ( 1 5 8 )  and one unconfirmed report o f  Tom RSV ( 1 30 ) . 

The virus-like disease9, rose ring pat tern ( 2 3 3 )  and rose streak ( 3 7 )  

also exhibit some symptoms o f  the rose mo saic type . 

Numerous brief reports of  research work in progress at various research 

e stabli shment s  appear in various research stat ion report s .  Also 

i nformat ive and inst ruct ional articles in mo re popular publications have 

helped keep hor ticulturists  and specialist gardeners informed on current 

knowledge (2 , 3 , 4 , 5 ,  42 , 6 3 ,  86 , 8 7 ,  1 94 ,  203 , 228 , 2 3 7 , 2 6 6 ) . 
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Rose Wil t  and Proli feration Review 

A graft-t ransmi ssible wil t  of roses distinct from the wil t  caused 

by Vertici l l um Nee s ex Wall r .  fungi has , in this inve s t i gat ion , been 

found to be as sociated wi th a strain of PNRSV . The pro liferation symp tom 

on maiden bushe s was no t found to be associated wi th PNRSV . 

However as the viral wil t  symp toms in mature plan t s  has been 

associated in the literature with the proli ferat ion symp tom in maiden 

p lant s ,  both are reviewed here . 

A wi l t  and dieback in roses was des cribed in 1 92 9  by Br�aret t  ( 4 0 )  

i n  the Aus tral ian Rose Annua l .  This  disease and i t s  transmiss ion 

was further des cribed , in detail , by Grieve ( 1 2 1 ,  1 2 2 , 1 2 3 )  and i t s  

cause a t t ributed to a virus . 

In Italy a new virus was reported which in some respects  re sembled 

ro se wilt  ( 1 15 )  and a further simi lar virosis  was reported on roses 

in Cz echoslovakia ( 1 6 4 ,  1 6 5 ) . 

Several Austral ian repor t s  record rose wil t  as be ing ep idemic in 

speci f i c  years ( 20 0 ,  2 0 1 ) ,  a further descript ion of the symp toms ( 2 4 7 )  

and research on transmis sion ( 2 02 ) . 

In 1 96 0  rose wil t  was recorded for the first  t ime in South Africa ( 1 9 2 )  

and i n  the same paper separate mention made of  a condi t ion described 

as " l i t t le leaf" . From the descrip tion " l i t t le leaf" appears to be 

simi lar to the resetting de scribed by Fry & Hamme t t  ( 8 9 )  as part o f  

the ro se wil t  syndrome . 

A symp tom referred to as ' p inch off ' in Oregon USA , which is  manifest 

as a failure of  the first shoot arising from a grafted bud , was 

investigated by Rober ts  ( 2 2 3 ) . Thi s  condition is  simi lar to but not 

identical wi th the condit ion whi ch ha s since become known as ' prol i ferat ion ' .  

The pro li ferat ion symp tom was subsequently at tributed to the wi l t  

syndrome ( 8 9 )  although no experimental evidence of this association 

ha s been p roduced . 
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The experimental t ransmiss ion of rose wil t  using the common rose 

aphid , Macrosiphum rosae 1 .  was reported by Anderson ( 7 )  al though 

there do no t seem to be any subsequent confirmatory reports in the 

literature . 

Unpubl ished work on prol iferat ion in New Zealand ( 2 1 9 ,  2 2 0 )  was unable to 

demonst rate any evidence of gra ft transmi ssion of thi s syndrome . 

Pro life ra t ion was known to occur in Californ ia , USA in 1 966  but only 

in re latively low percentages ( 1 0- 1 5 % )  of p lan ts budded (Morey , pers . comm . ) .  

Rose ro sette  de s cribed by Thomas & Scott  ( 2 5 8 )  appears to be d i s t inct 

from the res e t t ing associated with rose wi l t .  Rose rosette was reported 

to be transmi t ted by an eriophid mite ( 6 )  and appears to have been 

confined to wild roses and oc casional cult ivated plants  in adj acent 

rural areas in parts of  USA ( 6 ) . Expe rimental graft  transmi ssion to 

R. multiflora ' Burr ' serve s as a useful indicator ( 2 32 ) . 

In Great Britain a disorder of rose s ,  known there as stunt di sease , 

whi ch closely resembles proliferat ion , was becoming serious with 
$« 

records� some areas of over 80% infection ( 15 5 ) . Efforts at  

Shardlow Hal l  to t ransmit the di sease by  budding failed to show any 

evidence of graft transmis s ion ( 1 55 ) . In 1 9 7 3  Rose Wilt  was reported 

as widespread in the south east of  England but the symptoms were not 

described ( 1 45 ) . The assoc iation of  excess ive callus and gal l ing 

with the proli ferat ion symp tom as it  occurred in New Zealand was no ted 

and that high auxin levels  are a charac teristic  both of  uncontrolled 

cell d ivision and reduc t ion o f  leaflet size in roses ( 1 10 ) . 

An extensive invest i gation of  rose wi l t , including the proliferat ion 

symp tom ,  in New Zealand by Fry & Hamme t t  ( 8 9 )  s�owed that buds from 

e stablished plants  showing typ ical symptoms attributed to rose wi l t  

i n  e stablished p lant s  when budded on an understock togethe r with an 

indicator bud of  ' Super Star ' induced shoot epinasty in the indicator . 

Although Fry & Hamme tt  ( 8 9 )  assumed , on the bas is  of  similari ty of  
' 

symp t oms , that  the proli ferat ion symptom in young plan t s  and the die-

back , loss  of ap ical dominance and re curved leafle�s in establ i shed 

p lants were due to the same causal agent not all invest igators 

agree on this point ( 1 1 1 ) . Similarly Bos & Perquin ( 3 1 , 3 2 )  noted that 
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the prolif erat ion symptom on maiden p lants  in the Netherlands did no t 

resul t in rose wilt type symp toms in established plant s .  Their 

inve s t i ga t ion led them to suppose that proliferation was due to  either 

a ho rmonal imbalance brought about by the act of  budding,  or by a 

pa thogenic mi cro-organism oc curring in low concentration in affected 

t is sue or disappearing from i t  after the onset of  the pathological 

process . 

The similarity be tween the symp toms of  ro se wilt  as ori ginally de scribed 

by Grieve ( 1 2 1 )  and the symptoms of  Verti cilli um wilt  was pointed out by 

Dimock ( 74 ) . A compari son be tween the symptoms of  these two diseases 

was made by Hamme t t  ( 1 32 )  although at this stage a wider range of 

sympt oms were att ributed to rose wil t  than original ly de scribed by 

Grieve ( 1 2 1 ) . 

A repo rt of the apparent spread of  rose wil t  in an established bed of  

roses in  Christchurch , New Zealand ( 1 90 )  would seem to indicate the 

pre sence of a ve ctor . Al though soil samples  were tes ted for pos sible 

nema tode vectors no mention is made of  checking for Verticilli um wi l t  

fungi which would spread in the manner described and produce bare ly 

d i s t inguishable symp toms . 

Rose s tunt in Great Britain was transmit ted by double budding to 

' El i zabeth o f  Glamis '  indicator buds but not to ' Super Star ' ( 2 38 ,  244) . 

Nursery plan t s  affected with rose stunt were transp lanted and observed 

for some years but those that survived produced normal shoot s  and did no t 

subsequen t ly show any obvious symp toms ( 1 5 7 ) . 

A brief report that  mycop lasma-like bodies had been observed in sec t ions 

from proli ferated bushes ( 8 )  was subseqen t ly advi sed by one of  the 

authors as no t conf irmable (Thoma s ,  pers . comm . ) 

A review by Thomas ( 2 5 1 )  of  five years observat ions and experiment s  

on rose s tunt at · the Glas shouse Crops Re search Insti tute i n  the U . K .  

reports that they have been unable to consi sten t ly isolate a pathogen 

or induce typ ical symptoms on the growth from a rose indicator bud . 
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In Cali fornia invest igation of  a disease , similar to  rose wil t , was 

reported ( 5 0 ,  1 6 2 )  and described in more de tail by Gump f & Weathers ( 1 2 8 ) . 

I t  was subsequen tly shown that the disease was a comp lex involving 

two separate  graft tran smissible disorders , rose leaf curl and rose 

spring dwarf ( 2 34 ,  2 35 ) . 

A number of the symp toms in established plant s ,  att ributed in Cali fornia 

to rose leaf curl , namely , clearing or flecking of leaflet veins , 

sp l i t t ing and corkine s s  of  rachis and leaflet veins , spl i t t ing o f  mature 

cane s ,  necrosis  in the bark and p i t ting in the wood of mature cane s 

( 2 35 , 232 , 1 7 0)  were no t observed as  being characteristic  of ro se wilt 

in New Zealand ( 89 ) . 

Transmi ssion of  rose leaf curl to nursery p lants  resulted in 

proli feration of shoo t s  in a significant proport ion of infected 

p lant s  but not in healthy cont ro l s ,  al though it is  no ted that 

proli ferat ion alone should no t be considered diagnostic  for rose leaf 

curl in nursery plants , because any treatment which breaks apical 

dominance wi ll ini t iate numerous lateral shoots  ( 2 35 ) . 

This  i s  the only report in the lit erature o f  graft  transmission of  the 

proli ferat ion symp tom and the above comment would appear s igni ficant 

in that it indicates the probability that no t all oc currences o f  

proli feration are due to  the same causal agent . 

I f  the rose wi l t  symptoms in ma ture p lant s  are due to a dif ferent 

causal agent to the proli ferat ion symp tom then many of the 

currently conflicting reports could be explained . 

A viral etiology for rose wilt  symptoms in mature plant s  would support 

Fry & Hamme t t ' s  ( 8 9 )  transmis s ion experiment s .  The as sump t ion of  soil

borne causal agent , probably a bac te rium oc curring in low concentration in 

affected tissue or disapp earing from it  after the onset of  the 

pathological process , for proli feration would be in agreement with  the 

invest igations of  Gardner ( 1 1 1 )  and Bos & Perquin ( 3 1 ,  3 2 ) . 
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This would  account also for the fai lure to obtain graft  transmis sion 

o f  the pro liferat ion symp tom ( 1 1 1 ,  155 , 2 1 9 ,  220 , 25 1 )  and the lack 

o f  rose wi l t  symptoms on mature plan t s  which have exhibi ted 

prol iferation symp toms as maiden p lant s  ( 3 1 , 32 , 1 1 1 ,  1 5 7 ,  2 1 9 ,  2 2 0 ) . 
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As sociation of PNRSV with Ro se Mo saic and Rose Wil t  Symptoms 

All rose samples  in the disease collection were indexed , as described 

later , by enzyme-linked immunosorbent assay ( ELISA) at least once using 

gamma-globulin from isolate ' 1 54 ' ; at least once using gamma-globulin from 

Ful ton ' s ( 10 0 )  i solate (PNRSV-RA) and at least once using gamma-globulin 

from Fulton' s ( 1 00)  isolate of DPLPV a serotype of PNRSV . Tes t s  on any 

one rose sample were consi s tent ly either all positive or all  negat ive 

for tha t  rose . 

The pre sence of PNRSV in those samp les  which tes ted positive by ELI SA 

was confirmed by mechanical transmi ss ion to C .  quinoa and/or C .  sati vus 

although several at temp t s  were necessary with some samples before 

symp toms could be induced in these hos t s .  Any herbaceous ho s t s  showing 

symp toms which were considered not quite  typ ical of PNRSV were tested 

by ELISA and the presence of PNRSV was confirmed . 

On this bas i s  1 2 0  of the 2 2 1  samples  in the disease collect ion were 

considered to be infected wi th PNRSV . 

Many but no t all  of  the se infected samples were also de tec ted by 

t ransmission of  symp toms to R. mul ti flora and by indexing on P. serrulata 

' Shiro fugen ' . 

Prunus ne cro t i c  ringspot  virus was invariably pre sent in those roses 

which showed mosaic type symptoms including all symptoms of the fine 

to broad chloro t i c  line patt ern type s ,  chloro t i c  rings , blo tche s ,  

mo t t le ,  stipple , vein banding and ve in ne t t ing wi th the except ion o f  

the one rose found to be infected wi th ApMV which also showed 

distinctive mosaic symp toms but consisting of large r bright gold 

blo t ches than any of  the o ther specimens . 

However PNRSV was found to be also present in some but no t all  o f  the 

specimens showing a wide range of other symptoms including 1 0  out of 

14  apparently symp tomless  specimens . Such o ther symptoms would appear 

to o ccur independently of the pre sence of PNRSV and be due to some 

other cause no t necessarily of viral etiology .  
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Some virus-l ike symp toms on roses grown in partial shade can be 

caused by the phytotoxi c i ty of  certain spray ma terials ( 1 6 7 ) . Specimens 

showing symp toms of ei ther RPF and/or RCB or o ther flower abnormalit ies 

were in some cases infected wi th PNRSV but no t invariably so . 

Similarly types of leaf symptoms generally a t t ributable to nutritional 

d isorders such as pale colour , thin texture , genera l yellowing 

interveinal yellowing , premature senescence ,  and reduct ion in size 

occurred independent ly of  PNRSV infect ion as also did o ther leaf symptoms 

such as enations , dis tort ion , epinasty , vein c learing and the gross  

reduct ion o f  the lamina characteri s t ic o f  proliferated shoot s .  

The symptoms on established p lan ts  att ributed to rose wil t  virus by 

Hamme t t  ( 1 3 2 )  i . e .  ro set t ing associated with  short shoot s  with no 

internodal elonga tion ari s ing from lateral buds on old canes , dieback 

of o ld cane s and general decline of the plant with the forma t ion of 

numerous abort ive side twigs did however appear to be associated 

wi th infection by PNRSV.  Of  nine teen samples recorded at the t ime of 

collection as showing the se rose wil t  type symptoms , all were subsequently 

shown to be infected wi th PNRSV . The se samples included five taken from 

p lant s  in the co llection gathered by Fry & Hammet t  for their  inve s ti ga t ion 

on rose wil t  ( 8 9 ) . 

Forty eight of  the samples no t ori ginally recorded as showing symptoms 

o f  the rose wi lt  type developed these symp toms during the period they 

were subsequently observe d .  

Al l o f  these 48  indexed positive f o r  PNRSV . Twelve o f  the 48 had been 

original ly recorded as showing a light chloro tic  s t ipple whereas the other 

36 had been originally recorded either as  symp tomless  or showing some 

o ther symp tom no t associated wi th PNRSV . 

Of the 5 1  samp les orignally recorded as showing symp toms of the various 

rose mosaic types only the 12 whi ch had been recorded as showing a l i ght  

chlorotic  s t ipple sub sequently showed symptoms of  die-back and decline 

o f  t he rose wil t  type . The othe r 3 9  wi th rose mo saic symp toms developed 

a sl ight reduction of  growth in some samples but not typical rose wil t  

symptoms . 



-26-

Because of variabil ity of  symptom expression and type  i t  is  difficult 

to be empirical but based on independently reco rded observations it 

would appear as if  there is  more than one strain o f  PNRSV assoc iated 

wi th dif ferent symp toms on ho st  plants . 

The s t rain or strains associated wi th typ i cal rose mosaic symptoms 

o ther than the light chloro tic  s tipple do no t appear to be associated 

wi th rose wil t  type symptoms in mature plants .  

The strain or strains associated wi th rose wi lt type symptoms in 

mature plan t s  do no t consis tently produce symp toms o ther than those 

associated wi th rose wil t  decline in mature plants . 

The proli ferat ion symp tom which has been associated wi th the rose wilt  

syndrome ( 8 9 )  h as  of recent years virtually di sappeared from rose 

nurseries in New Zealand and in the U . K .  ( 25 1 ,  Sweet pers . comm . ) . 

No pro li feration was observed on any of  the 6 to 8 bushes budded of  

each o f  the 22 1 samples in  the disease collec t ion . Samp les of  

prolifera tion were not  included in  the disease collect ion as i t  is  

virtually impossible to  p ropagate from proliferated material and 

p ropaga t ion from app arently normal shoots  whi ch may arise from 

proliferated plan ts  does no t result in the transmiss ion of proli fera t ion . 

( 3 1 , 3 2 ,  155 , 2 1 9 ,  2 2 0 ,  25 1 ) . 

However ,  a few specimens of  pro liferated plant s  were obtained from an 

Auckland and a Hamilton nursery and tes ted for PNRSV using the ELISA 

t echnique . The pre sence of  PNRSV appeared to  be at random with 6 

o f  the 15  plant s  indexing positive and 9 negat ive . 

From these observa t ions i t  was concluded that although PNRSV could be 

associated wi th ro se wil t  symptoms in mature plant s it  could not be 

associated with the proliferat ion symp tom . 

Some growth abnormalities , such as bushy stunt , were recorded in some 

o f  the samples which indexed negat ive for PNRSV but in all cases these 
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symp toms were quite dist inc t from t ho se assoc iated wi t h  rose wi l t . 

The occurrence of  ro se wi l t  type symp toms in t he 1 2 0  samples which 

indexed p ositive for PNRSV can be summarised as follows : 

Symptoms recorded at t ime of  
collection of  samples which indexed 
positive for PNRSV 

Oc currence of Rose Wil t  
symptoms during subsequent 
growt h 

Ro se Wi l t  N o  Rose Wilt 

Rose mosaic type symp toms 

Various o t her symp toms or 
symp tomless  

Rose wilt  type decline 

( 5 1 )  

( 5 0 )  

( 1 4 )  

P . D . D . rose wil t  collec tion ( 5 )  

1 20  

12*  

36  

1 4  

5 

6 7  

*The 1 2  which developed rose wi l t  symp toms were recorded a s  l ight 

chlorotic s t ipp le 

39  

1 4  

5 3  
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CHAPTER 2 

INDEXING 

Indexing on Rosa mul ti flora ' I SU-6 0 '  

Since 1 928 when Whi te ( 1 928)  reported that rose mo saic type symptoms 

could be experimentally transmi t ted by graf t ing to R .  mul ti flora 

this method has been commonly used to demons trate the graft  transmi ssion 

o f  rose mosaic symp toms ( 9 0 ,  92 , 15 1 ,  152 , 1 9 2 ) . 

Rosa mul tifl ora ' Clarke ' is used in South Africa as an indicator for 

indexing for rose mo saic (Klesser pers . comm . ) .  The symp toms produced 

in R. mul ti fl ora by graft ing wi th ApMV infected roses have been 

described as severe chloro sis ( 2 5 3 ) . 

However ,  there does not appear to be any record in the literature 

as to t he reliab ility of  R. mul ti fl ora as an indicator to index for 

PNRSV and ApMV in rose . 

Me thod 

The only strain of  R. mul ti fl ora available at the t ime , which appeared 

to be free of known viruses , was one developed at Iowa State Univers i ty 

known as ' ISU-6 0 ' . 

Cut t ings approximately 25cm long were taken in winter , the proximal 

and dis tal ends were trimmed with a sharp kni fe and all  the shoot 

buds except the two at the dis tal end were excised . They were planted 

immediately in rows in the open ground . 

The fo llowing summer as scions became availab le from the various samples 

selected for the disease collect ion five plant s  were bud-grafted from 

each samp le .  

Bud-graft ing was carried out using a conventional T-incision and the 

bud shield inserted with  a thin sliver of  wood left intact behind the 

bud . 
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The fo llowing winter three of  the s tock tops were removed from each 

sample and two were left  intact in order to observe transmi ssion o f  

symp toms to R .  mul ti fl ora ' I SU-60 ' .  

The p lant s  were observed over three growing seasons and any symptoms 

occurring were noted . 

Res ul t s  

Symptoms transmi t ted to  the s to ck top s were generally different to those 

in the original samp le and were no t constant for any part icular symptom 

type . For examp le  the vein banding symptom ,  whi ch is  quite distinc t ive , 

usua lly occurs as the only symp tom on an infected cul tivar . However ,  

the p lant s  of  R .  mul ti flora t o  which five samples showing this symptom 

had been budded each developed a dif ferent symp tom namely , leaf yellowing , 

yellow flecking , chlorot i c  blot ch , chloro tic  line pat tern and ve in 

net t ing . 

Similarly o ther symp tom types in the samples could no t be associated 

with any consis tent reac tion in the R. mul ti fl ora . 

The o ccurrence of  symptoms on R .  mul tiflora budded wi th samp les found 

to be infected wi th PNRSV by indexing wi th herbaceous hos t s  and ELISA 

was not sufficient ly rel iable to serve as an indexing method . 

3 1  o f  the 1 2 0  samp les considered to be infected wi th PNRSV , by indexing 

wi th ELISA and herbaceous hos t s , produced no ob servable symptoms in 

R. mul tiflora when budded to i t .  The se 3 1  samp les were all original ly 

recorded as ei ther symptomles s ,  or as having light chlorotic stipple 

or decline and die-back of the ro se wil t  type or as having some other 

symp tom no t associated wi t h  PNRSV . 

All samp les originally recorded as having ei ther  chloro t ic line pattern 

or large chlorotic  blotches or vein banding p roduced at least some 

symp toms o f  the rose mo saic type in R .  mul ti flora when budded to  i t .  

The se symp toms were no t necessarily either obvious o r  consistent ly 

produced and in some instances were only observed on a few leaves on one 
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or two occasions during the three years o f  ob servations . 

The transmi ssion tests  to R .  mul tifl ora indicate that there i s  more than 

one strain of PNRSV occurring either separately or as mixtures in 

rose s . Tho se strains which produced rose mo saic type symptoms in the 

original samp le induced rose mosaic type symptoms , but no t necessari ly 

o f  the same type , in R .  mul ti flora when budded to i t . 

Those strains associated with rose wi lt  type symp toms may also either 

p roduce a light chlorotic s t ipple or be apparently symp tomless . 

One samp l e ,  ' 1 0 1 ' ,  a symptomless ' Diamond Jub i lee ' nei ther produced 

symp toms on R .  mul tifl ora nor on any of i t s  progeny over a number of 

years yet there was no doub t it was infected wi th PNRSV as it no t only 

indexed positive wi th ELI SA ,  on herbaceous ho sts  and on ' Shirofugen ' 

che rry but also purified virus from i t  produced an antiserum which 

reacted with o ther PNRSV isolates . 

Rosa mul tifl ora ' ISU-6 0 ' did not reliably detect all  strains o f  PNRSV 

in ro se and cannot be recommended as an indicator for detecting this 

virus . 
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Indexing on  Rosa mul tiflora ' Burr ' 

� . ..a 
In California U . S . A . , repor ts of  two graft  transmi s s ible ��ea�es o f  

roses , ro se spring dwarf ( 2 34 )  and rose ring pattern ( 2 33)  both describe 

the use of R .  mul ti fl ora ' Burr ' as an indicator for these diseases . 

� 
In order to check for the presence of  these disord�s in New Zealand , 

' high health ' ' Burr ' mul tiflora was imported from the University of  

Cali fornia , Davi s . 

Method 

Cutt ings of R .  mul tifl ora ' Burr ' were prepared , p lanted and bud-grafted 

in the same manner as already described for R. mul tifl ora ' ISU-6 0 ' 

excep t three understocks only were used for each samp le in the disease 

collect ion . 

The stock tops were observed over the latter two years of  this 

inves t igation and any symptoms occurring were noted . 

Resul t s  

I n  October 1 9 7 9  symptoms similar to tho se attributed t o  rose spring 

dwarf by Slack et al ( 2 34 )  appeared on ' Burr ' mul ti flora budded with 

three of the disease collect ion sample s .  The symp toms only occurred 

on one or two branche s of one plant in each test . 

Further symptoms could no t be induced by st ripping the foliage and 

pruning back as de s cribed by Slack et al ( 2 3 4 ) . Symp toms did not 

reoccurr the following spring . 

Whi le invest igating the incidence and cause of proli ferat ion in roses 

in New Zealand ( 2 1 9 ,  2 2 0 )  a symp tom distinct from proli feration was 

noted on the ini t ial growth from the buds o f  budded roses and des cribed 

as stunted . Thi s  symp tom resembles that de scribed ( 2 34 )  as characteris t i c  

of rose spring dwarf o n  budded roses . 
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This s tunting symp tom in New Zealand appeared to correlate with the 

use o f  infected budst icks ( 1 1 1 ) . 

Symp toms simi lar to rose spring dwarf were noted on R .  mul tifl ora 

some years ago (Gardner  pers . ob serv . ) but have no t been observed 

recent ly . 

Altho ugh re sul t s  in Cali fornia suggest  that rose sp ring dwarf i s  

unevenly distributed wi thin infected rose p lants  and may not 

induce symp toms in roo ts tocks or variet ies  ( 2 34 )  the current evidence 

is insufficient to assume the disease occurs in New Zealand . 

However ,  although there is  no conclusive evidence at this stage 

rose spring dwarf could well  be found to be present in New Zealand . 

' Burr ' mul t iflora is also considered by Secor & Nyland ( 2 3 3 )  to be 

a reliable indicator for rose ring pattern ,  but no symp toms resembling 

this disease were observed on the ' Burr ' mult i flora budded with 

disease collection samp le s .  

Symp toms associated with PNRSV were apparent in some ' Burr ' mul t i flora 

budded with PNRSV infe cted samples but these were not expressed as 

frequently or as distinct ively as the symp toms on ' ISU-6 0 '  mult i f lora . 

This effect  could have been due to the shorter period during which 

the ' Burr ' was observe d .  
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Indexing on Prunus serrula ta ' Shiro fugen ' 

Al though the technique of  indexing for PNRSV and prune dwarf virus 

(PDV) by budding test  bud s onto P. serrulata ' Shirofugen ' is  widely 

used and documented , i t  is  no t entire ly reliab le as the local 

ne cro t i c  react ion does not invariably occur with all buds from an 

infected plant . Using 3 buds per test  from cherry trees infected 

wi th PDV Hamp ton ( 1 33 )  found that in up to 24% of  the tes ts on one 

variety of cherry all 3 buds indexed negative when budded in mid-summer 

and two months later in late summer 87%  of the tests  failed to de tect 

virus in any of  the three buds . 

Hel ton & Bolwyn ( 14 1 )  obt ained more re liable results  with ' I talian ' 

prune infected wi th PNRSV , wi th up to 1 2 %  of  the test bud s failing to  

detect  the  p resence of  virus . 

An evalua t ion ( 8 3 )  of  ' Shirofugen ' as a rel iab le indicator for 

PNRSV in rose showed that the reliability of  detect ion not only varied 

widely be tween ro se cultivars but also varied with the posit ion of  the 

bud on the infected rose p lant . Indexing infected ' Super  S tar ' roses 

failed to detect  the virus in 2 8  to 5 0% of  the buds whereas indexing 

infe cted ' Baccara ' and ' Dr A . A .  Verhage ' roses failed to detect the 

virus in 5 9  to 93% of the buds depending on the position of the test  bud on 

the infec ted plant . 

The necrotic  response on ' Shiro fugen ' is  ini t ially locali zed , thus 

enabl ing a large number of samp les to be indexed on the different 

branches o f  one tree ( 8 3 ,  Sweet pers . comm . ) .  

Me thod 

Fourteen ,  7-year o ld trees of  P. serrul a ta ' Shirofugen ' growing in the 

open ground , where they had been budded on "virus-free" seedling 

unders tock with buds from plant s  supplied by Plant Disease s Divi sion , DSIR,  

Auckland , for indexing purpos e s ,  were used as  indicators . 

Indexing was done on the current season ' s  growth during late January -

early February 1 98 0 .  Five buds from each rose samp le t o  b e  tested 

were inserted in T-cut s on one strong growth for each sample and t ied in 

p lace wi th rubber budding t ies . 
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All tes t s  were read 5 to 6 weeks after grafting by examining for 

gumming and necro sis  under the bud . 

I t  had been no ted during previous indexing by this method that 

infect ion frequently became sys temic throughout the length of  the 

growth in which infected buds had been inserted resulting in collapse 

o f  that growth during the following spring . This symp tom was also 

recorded in spring 1 98 0 .  

Result s  

One hundred and sixty s ix of the samples i n  the disease collection 

were indexed by this method . The balance of  the samp les did not have 

sui table mater ial avai lable at the t ime . 

Nine ty three o f  the samples indexed on ' Shirofugen ' were shown to be 

infected with PNRSV by indexing on herbaceo us hos t s  and ELI SA .  

The ' Shirofugen ' indexing did not give such a clear determination . 

Some gurnrnosis  frequently occurred around the buds of  samp les  that 

indexed negative by all other me tho ds used . Although the amount of 

gurnrnosis  was generally grea ter around infected buds it  was very much 

a mat ter of opinion rather than an empirical indicat ion as to how 

much gurnrnosis  determined a posi tive test . 

Similarly the degree of  necro s i s  varied from barely discernable in 

one out of five infected buds to severe necros i s  in all  five infected 

buds . In some samp les that indexed negative by all  other methods used , 

damage to the cambium at time o f  budding could not be distinguished 

from the slight necrosis  occurring wi th some infected buds . 

Al though collapse and death o f  the shoot the following spring occurred 

only wi th infec ted buds it only gave a positive reaction wi th 47 of 

the 93  infected samp les . 

The degree of  symp tom expression in the ' Shiro fugen ' test  could not be 

correlated with the type of  symp tom expressed by the rose from which 

the buds were taken . 
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Al though the presence of severe necro sis  behind the test buds proved 

a positive indicat ion o f  infec t ion wi th PNRSV thi s method would have 

failed to detect the presence o f  PNRSV in 24%  of the samples round by 

o ther me ans to be infected . 

Death o f  the shoots the following spring was also a positive indication 

o f  the presence of  PNRSV but would have failed to de tect the virus in 

5 0% of the infected samp les . 

The use of ' Shirofugen ' canno t be recommended as a means of  detecting 

roses free of PNRSV not only because it  is  a t ime consuming and 

lengthy proce s s ,  but also because of  i t s  limited reliabilit y .  
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Indexing on Apple (Malus sylves tri s Mi ll . )  

App le mosaic virus has been art ificially transmitted from app le to  

rose by budding ( 30 ,  253,  255 ) although wi th some difficulty , but once 

in rose the virus can be readily trans ferred from rose to rose ( 3 0 ,  2 5 3 ) . 

A ' Queen Elizabe th ' rose showing mosaic symp toms when budded to app le 

indicators induced a simi lar mosaic on the indicators but many o f  the 

rose buds failed to form a union wi th the app le rootstocks ( 2 45 ) . 

Thomas ( 2 5 3 )  found that bud survival was not neces sary for transmission 

o f  PNRSV to occur from rose to  ' Mazzard ' cherry but eleven at temp t s  to 

graft-inoculate to apple were unsuccess ful . However , one of  ten roses 

became infected when he budded them wi th buds from ApMV - infected 

apple . 

Metho d 

Fi fty roo ted cane s from stools of  an apple understock free of  known 

virus were obtained from the N . Z .  Frui tgrowers Federation Ltd Nursery 

in Levin . These were budded wi th a sele c t ion of  5 0  samples from the 

disease collection using the conven tional T-budding me thod . I t  was 

not known at the time that rose samp le ' 72 '  was infected with ApMV and 

this samp le wa s not included in tho se tested . 

Re sul t s  

A l l  the rose buds failed wi thin two weeks of  budding.  The app le 

roo t s tocks were inspected over the fo llowing 15  months but no symptoms 

which might indicate viral transmi ssion were observed . 

The app le roo t s tocks indexed negat ive for ApMV when tested by ELI SA . 
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Indexing on peach (Prunus persi ca )  ' Golden Queen ' seedlings 

Peach has been used for indexing for PNRSV in rose ( 6 1 )  and also as 

an intermediate hos t  in the transmi ss ion of  PNRSV from rose to 

herbaceous hos t s  ( 1 8 ,  1 9 ) . 

In order to  test  the rel iability  of  peach as an indicator for PNRSV 

a sele ct ion of rose samples from the disease co llect ion were budded onto  

' Golden Queen ' peach grown from seed  from vi rus indexed trees 

shown to be free of  PNRSV . 

Transmission occurred from PNRSV infected rose samples excep t when 

the rose bud died shortly after grafting . 

Although PNRSV could be de tected in the infec ted peach seedlings by 

ELI SA ,  the expre s sion of symp toms on ' Gol den Queen ' indicators was 

obs cure and erratic . 

Because o f  the unreliabi l i ty of  bud survival and the difficulty of  

ob serving symptoms , budding rose to  peach could not  be  consi dered 

a satisfactory te chnique for indexing for PNRSV . 
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Indexing by Mechanical Transmiss ion to Herbaceous Ho s t s  

Mechanical transmis sion o f  a virus from rose plant s  showing mosaic 

type symp toms was first  achieved by Ful ton ( 9 2 ) . The virus transmi t ted 

was subsequently shown to  be ApMV ( 1 00 ) . 

As early as 1 948 cucumber had been shown to be a use ful ho st  for 

viruses from sour cherry ( 1 9 6 ) . 

In 1 956  Gilmer ( 1 1 6 ,  1 1 7 ) transmi t ted two virus isolates from 

R .  mul tifl ora to cucumber ,  comp ared them with a number o f  stone fruit  

isolates  and concluded they were probably PNRSV . 

Ful ton ( 9 3 )  carried out an extensive inve s tigation of  the herbaceous 

ho st  ranges of  four virus isolates from cherry including his virus ' G '  

sub sequently found t o  be PNRSV . Thi s isolate infected 48 out o f  1 5 0  

herbaceous hos t  species tested by me chanical inoculat ion . 

In 1 962  twelve o f  fo urteen isolates me chanical ly trans ferred from rose 

to herbaceous hos t s  we re indexed as PNRSV ( 1 6 3 ) . 

In a survey o f  virus diseases o f  roses in the U . K . , Ikin and Frost  ( 1 5 7 )  

reported that  with the use o f  a 0 . 06M phosphate buffer , p H  7 . 8  

containing 10%  po lyvinyl pyrrolidone (PVP )  they sap transmit ted SLRSV , 

ArMV , PNRSV,  ApMV and TSV from ro se to he rbaceous hos t s .  

In France , indexing o f  ro ses wi th mo saic , using C .  quinoa and C .  sa ti vus 

as herbaceous indicators and peach ' GF 305 ' as a woody indicator gave 

widely varying resul t s . The average percentage transmission to  C .  q uinoa 

varied from 70% to 2 3% depending on the species or cultivar being 

indexed . Cucumber was even more unre liable wi th average percentage 

transmiss ions of 2 3% down to 2% ( 4 4 ) . 

Me thod 

As the buffer used by Ikin & Fro st  ( 15 7 )  had successfully transmit ted a 

wide range of viruses from rose to herbaceous ho sts  this buffer was 

ini t ially used for transmis sion from ro se samp les . 
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Young rose leaves or flower petals were ground in buffer wi th the 

addit ion of celite as an abrasive and inoculated to the cotyledons 

of C. sa ti vus ' Crystal Apple ' and the leaves of C. quinoa . The mos t  

consis tent resul t s  were obtained wi th cucumber when the co tyledons 

were almo st  fully expanded but be fore the appearance of  true leaves 

and with C .  q uinoa when the plants had six to ten true leaves . Although 

the p lant s were grown in a heated glasshouse t ime to reach optimum 

s tage for inoculation varied wi th the t ime of  the year . 

In order to assess  the most  sui table extractant for routine indexing 

a wide range of al ternat ive buffers and stabilizing buf fer-addi t ives 

were t e sted . Of those tested 2 - mercap to-ethanol  ( 2-ME) , sodium 

diethyldi thiocarbamate  (NaDIECA) , cystein hydro chloride and ascorbic 

acid each at  0 . 02M in 0 . 02M Na/K phosphate buffer pH 8 . 0  all  gave 

many local lesions on C .  q uinoa even a fter five hour s storage of  

the extract at room temperature , but  transmission to  cucumber was 

unre liable . Buffer p lus 10%  polyvinyl pyro lidone (PVP ) / (W/V) also 

gave many local lesions on c. quinoa as wel l  as consis tent transmis sion 

to cucumber . 

In subsequent tes t s  for op t imum pH and concentrations pH 7 . 5  and pH 8 . 0 , 

0 . 02M and 0 . 06M Na/K phosphate buf fer and 5 %  and 1 0% PVP (W/V) showed no 

apparent di fference and gave mo re cons is tent t ransmiss ion than 

lower or higher pH and concentration . 

For sub sequent indexing o f  roses on herbaceous hos t s ,  5 %  PVP (W/V) in 

0 . 02M Na /K phosphate buffer pH 8 . 0 was used . 

Results 

The variation be tween iso lates from differen t  sources was very apparent 

in the range of herbaceous ho s t s  infected . Of  1 2 0  dif ferent samp les  

from the disease collect ion found , by subsequent indexing,  to be infected 

wi th PNRSV , 89  infected bo th cucumber and C .  quinoa, 27 infected 

cucumber only and 4 infected C .  quinoa only . 
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Thos e  isolates which only infected one of these two herbaceous hosts  

generally required 2 or 3 at temp t s  be fore t ransmiss ion occurred and 

the o rginal s amp les did not show typical mosaic type sympt oms but 

rather were various ly reco rded as either vein clearing , dis to rtion , 

pale green between leaf veins , general dec line or die back o f  the rose 

wilt type . All source p lants of these  isolates and the infected 

herbaceous hos t s  indexe d  pos i t ive for PNRSV us ing ELI SA .  

Wide variation was also apparent in the host range o f  those isolates 

which infected both cucumber and C.  quinoa . 

Isolates from al l o f  the 120  samp les infe cted with PNRSV were t ransmit ted  

by  me chanical inoculat ion with varying degrees o f  d i f ficulty to one 

o r  more of the fo llowing herbaceous ho sts : 

CHENOPODIACEAE 

Chenopodi um amarantfi(color Ca ste  & Reyn . 

Chenopodi um q uinoa Willd . 

CUCUBITACEAE 

Cucumis sati vus L .  ' Crys t al App le ' 

Cucurbi ta maxima Duchesne 

cucurbi ta pepo L .  

Momordi ca balsamina L .  

EUPHORBIACEAE 

Ricinus communi s L .  

LEGUMINOSAE 

Phaseolus aureus Roxb . 

Phaseolus vulgari s L .  ' Pinto ' 

Vi gna sinensi s Savi . 

SCROPHULARIACEAE 

Toreni a  fourni eri Lind . 

SOLANACEAE 

Ni cotiana clevlandi i Gray 

Nicotiana tabacum L .  ' White Burley ' 

Ni cotiana rustica L .  
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No one isolate was ab le to be transmit ted to all of  these host s .  

No definite corr�at ion was able to be made be tween symp toms in rose 

and the hos t  range of  the isolate . 

The re was however a trend , with some exceptions ,  for isolates from 

roses with mosaic type symptoms to infect a wider host range than those 

from roses wi th rose wilt  type symptoms . 

Rose  samples ' 7 9 '  and ' 80 '  from two plant s  in a bed of  ' Si lve r Lining ' 

in the Dougal McKenzie rose garden , Palmerston North,  both exhibited 

chloro tic mottle  and chlorotic blotches in different degrees of 

severity . 

Both i solates from these samp les  infected C. sa ti vus, c. quinoa, 

C. amaranti color, and N. clevl andi i . In ad·dit ion however ,  only isolate 

' 7 9 '  infected N .  tabacum ' White Burley ' , N .  rus tica , P.  vulgari s ' Pinto ' 

and T .  fournieri and only i solate ' 80 '  infected C. maxima, C .  pepo and 

R .  communi s. 

Sample ' 15 4 ' from a p lant of  ' Chrysler Imperial ' in the Parnell  

Rose Gardens , Auckland showed severe decline and leaf  bronzing . 

Similar symp toms oc curred in the roses budded from it  in the disease 

collec t ion excep t they also exhib ited thin growth , recurving and 

bunching of the leaves , which were bri ttle and dropped easily , fol lowed 

by severe dieback . Plants were almost  dead after two years . 

Similar , but less  severe symp toms were induced in the R .  mul tiflora 

' ISU-6 0 '  understock ,  which also showed a l i ght chlorotic mot t le .  

Init ia l  transmission to  cucumber ' Crystal Apple ' and c. quinoa was 

achieved with some diff iculty but further transmi ssions be tween these 

hos t s  and to C. ama ranti col or was no problem .  Local lesions were 

produced on all three of these hos t s  fol lowed by systemic mot t le and 

stunting on cucumber and systemi c line pat tern on both C .  ama ranticolor 

and C. quinoa . 
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The isolate produced no symp toms on a range of other herbaceous ho s t s  

excep t when a partially purified and concentrated p reparation of  virus 

was used for inoculation . Symp toms were then produced as follows : 

P .  aureus and P. vulgari s ' Pinto ' - local purple veining , chlorosis and 

loss of apical dominance ; M .  bal sami na - local lesions and sys temic 

d istortion ; Pinto  bean - local purple veining and sys temic mot t l e  and 

N. cl evlandi i - large , lo cal chloro tic spo t s  on senescing leaves ,  

and symp tomless systemic infec t ion . 

Inoculation back to cucumber from these hos ts  showed both local and 

systemi c infec tion . 

This was the wide s t  host  range of  any of  the isolates from roses 

exhib i t ing rose wil t  type symptoms . By contrast samp le ' 6 7 '  from a 

plant o f  ' Mischief ' also with severe decl ine of the rose wil t  type was 

inoculated to C .  sati va and C .  quinoa on three separate occasions . 

Two p lant s  o f  each were used in the first two tes t s .  The first  test  

produced no symp toms on any o f  the inoculated p lants .  A se cond attemp t 

resulted in two local lesions on one of the cucumbers . For the third 

test e ight p lant s  of each of the two herbaceous hos t s  were inoculated . 

A total o f  five local lesions on the eight cucumbers were the only 

symp toms observed . 

Thi s samp le indexed pos i t ive fo r PNRSV by ELISA and five out of five buds 

were posi tive on ' Shirofugen ' che rry wi th death of  the budded shoot 

the following spring . 

The use of transmiss ion to cucumber and C .  q uinoa as  a method of  indexing 

for PNRSV would probably have failed to detect the virus in this sample 

and a number o f  other samples which reacted s imilarly unless  a 

considerable number o f  p lant s  we re inoculated and observed carefully . 
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Indexing by Elec tron Microscopy 

The use of  dip preparations wi th ne gative s taining i s  part icularly 

use ful for the de tec t ion o f  rod-shaped virus par t i c les  ( 14 2 )  in 

extrac t s  from infected plant s . This  me thod can also be applied to 

spherical part icles  ( 1 4 2 ) . 

Negat ive staining with potass ium pho spho tungs tate may cause rupture 

and d istort ion o f  the virus particles (82 , 99 , 1 6 1 ) . 

Fixat ion with 1%  glutaraldehyde ( 9 9 )  or 1 0% formaldehyde (82 , 1 6 1 )  or  the 

use of 1% uranyl acetate instead of potass ium pho spho tungs tate ( 5 9 )  

s tabili zed the particles and avoided rupture . 

Method 

Leaf dip prepara tions both from rose and infected herbaceous hos t s  

were p repared b y  p lacing a drop o f  stain on a coated grid and dipping 

a freshly cut leaf surface in the s tain . After draining they were 

examined in a Phillips 200 Elec tron mic roscope for the presence o f  

virus parti c le s .  

Grids were also prepared by c ru shing tissue in one or two drops of  

s tain and touching the grid to  the surface o f  the liquid . 

Ammonium molybdate and sodium pho sphotungs tate were tested both 

separat ely and together , at a range of  d i fferent pH levels , with and 

without coating the grid wi th bovine se rum albumin . 

Uranyl format� prepared after the method o f  Barnet t  & Murant ( 1 7 )1 
was used alone and after fixa tion by making the leaf dip into 0 . 75%  

glutaraldehyde , draining and then negat ive s taining with the uranyl 

formate solution . 

Resul t s  

Leaf dip preparations , and crushed homogenates  both from roses exhib i t ing 

a range of  symp toms and from infec ted herbaceous hos t s  did not consi s tent ly 
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reveal virus partic les other than an occasional particle of 

s imilar si ze and appearance to PNRSV . Few viral particles were observed 

in any of the p rep arat ions other than those fixed wi th glutaraldehyde 

and st ained with uranyl formate . 

This me thod was adop ted as being the mos t  satisfactory . 

In furt her preparat ions it  was found that viral part i cles could no t 

be cons is tently observed even when several grids were prepared from 

the same lea f .  

A s  this d i d  no t appear to b e  a satisfactory indexing method i t  was 

only used on a selec tion o f  the rose samp le s .  
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Indexing by Serologi cal Me thods 

As serology particularly by ELISA is  a maj or component of  this 

inve st igation , it is  treated separately after the section on 

ant iserum produc t ion . 
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CHAPTER 3 

PRUNUS NECROTI C  RINGSPOT VI RUS - Puri f i cation 

The first  brief report ( 94 )  of the use of freshly precip i tated calcium 

phospha t e  to partially puri fy uns table viruses from Prunus as well  

as virus from a rose with mosaic was publi shed in  1 95 7 .  

Ful ton ( 9 7 )  gave de tai l s  of the me tho d of preparat ion o f  the hydrated 

calcium phosphate (HCP ) gel and i t s  use to absorb ho st  material in 

the partial purification of PNRSV . 

A virus isolate from rose wi th mo saic was purified using this method 

with the addit ion of  2-ME ( 0 . 02M) and Na DIECA ( 0 . 02M) to  the 0 . 02M 

phosphate extraction buffer and an ant i serum to i t  prepared ( 9 9 ) . 

Of  a number o f  i solates o f  virus from rose some reacted in gel diffusion 

only with this ant i serum and the others reacted only with PNRSV 

ant iserum prepared agains t  an isola te from sour cherry ( 9 9 ) . 

The isolate from rose was subsequently shown to be serologically 

identical to ApMV ( 1 00) . 

The purification me thods recommende d in the ' CMI/AAB Descript ions o f  

Plant Viruses ' for PNRSV ( 1 02 )  and for ApMV ( 1 05 )  are almost  i dentical 

unt i l  the virus i s  sedimented by the first high speed centri fugation . 

I t  is  re commended at that point that PNRSV be further purified  by 

precipitation of  hos t  protein wi th ci tric acid ( 1 02 ) but that  ApMV 

i s  e liminated by the use of  c itric acid ( 1 05 ) . 

Further purification may be by density gradient centri fugat ion ( 2 7 2 )  

zone electrophoresis  ( 2 6 9 )  o r  precipitation o f  hos t  protein b y  anti

ho s t  serum ( 1 00 , 1 1 8 ) . 

Methods 

Ini tially purificat ion was at tempted using the method recommended for 

PNRSV ( 1 0 2 ) . Yields of vi rus were negligible . 
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As the identity o f  the virus isolates  was not certain at this s tage 

the butanol / chloro form method used by Harri son & Nixon ( 1 40)  for the 

puri fication of ArMV was tried again wi th negative resul ts . 

Filtering the homogenate through cel i t e  pads followed by polye thylene 

glycol precip i tation ( 4 8 )  was no bet ter . 

Fulton ' s  ( 1 02 )  method for PNRSV was again tried and each step in the 

puri ficat ion monitored by ino culation to cucumber and by electron 

microscope examinat ion o f  samp les from the p reparation . 

It  was found tha t  the virus was lost at the s tage of  citric  acid 

precip i tat ion . 

Ful ton ' s  ( 1 05 ) me thod for ApMV was then tried using densi ty gradient 

centri fugation for further purification rather than precipitation o f  

hos t  p ro tein wi th the gammaglobul in portion o f  ho st -specific  ant i serum . 

This method gave highly infec t ive preparat ions with good yields of  the 

o rder of one to three mg . per 1 00g of ho s t  t i s sue . 

The me thod f inally adopted for rout ine purification was as follows : 

cucumber seedlings , 1 to 2 weeks old depending on the t ime of  the year , 

were inoculated and harves ted 5 to 7 days later . Infected t i s sue 

was homogenized in a Waring b lender for 5 minutes  in a co ld  solution 

o f  0 . 02M Na DIECA ,  0 . 02M 2-ME in 0 . 02M sodium/potassium phospha te 

buffer pH 8 with 5% cornings ant i foam ( 1 . 5ml buf fer/g ti s sue ) and s t rained 

through muslin . 

Af ter low speed centrifugation ( 2 0  min , 3 , 000 rpm , 1 , 400g Sorval l  RC 5 

centri fuge 6 x 250ml GSA rotor)  the supernatant was thoroughly mixed 

wit h  HCP ( 0 . 8 mls HCP / g  t issue ) and centrifuged again for 20 min at 3000 

rpm . If  the supernatant was s t i l l  tinged with green i t  was mixed again 

wi th HCP ( 0 . 4 mls HCP / g  t is sue)  to  absorb any remaining green p lant 

material and centri fuged for a further 20 minutes at 3000 rpm. 
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In order to remove any traces of HCP and green p lant material from 

the decanted supernatant a final low speed centrifugat ion ( 1 0  min 

9 , 000 rpm, 1 3 , 000g) was given be fore the resul tant supernatant was 

centri fuged at 39 , 000 rpm ( 1 6 0 , 000g) for 1� hr (MSE 65 centri fuge 

8 x 5 0ml fixed angle rotor)  to sediment the partially purified virus . 

The pelle ts  were resuspended in phosphate buffer (Na/K phosphate  

0 . 02M pH  8 . 0 ) and given a further cyc le o f  low speed /high speed 

centrifugat ion ( 1 0  min , 9 , 000 rpm/ 1� hr 3 9 , 000rpm) . On a number of 

occas ions the partially purified vi rus was sedimented through 1 5 %  

sucrose ( 6  m l  a t  the bot tom of each centri fuge tube ) during the second 

high speed centri fugat ion . Examination of spect rophotometer scans 

be fore and after sedimenting through sucrose indicated that this 

procedure resul ted in loss of  total virus without improving the 

puri ty o f  the preparat ion . 

Density gradient centri fugat ion ( 1 0-40% sucro se ,  3h , 24 , 000 rpm ,  

1 0 0 , 000g , MSE 65  centrifuge , 6 x 1 6 . 5  m l  swing out rotor) was used 

as st andard prac t ice for further puri ficat ion . The samp le containing 

the purified virus was located wi th an ISCO , UA5 flow through 

absorbance monitor (A 2 5 4 )  wi th the recorder and the fract ion collected 

in an ISCO density gradient fract ionator 640  model manually operated 

through an ISCO de lay t imer model 900 to allow for flow-through t ime . 

The fractions from each tube were combined and centrifuged for 1� hr at 

39 , 000 rpm and re susp ended in 1 ml o f  phosphate buffer . 

Result s  

Puri ficat ions carried out b y  thi s method regularly yielded preparations 

containing 1 to 3 mg virus per 1 00g of  infected t i ssue . 

Spect rophotome ter scans showed some variat ion in the purity of  the 

preparations . It  wa s observed that  the younger , so fter , more succulent 

the infected cucumber t i s sue used for extraction the mo re pure the 

final preparat ion . 

The spectrophotometer scans of  the preparations showed absorbance readings 

within the following ranges : A max 259  - 2 6 2  nm, A min 243-246 nm, 

A max/min 1 . 1- 1 . 4  and A 2 60/280  1 . 4- 1 . 56 .  

The p reparations were used according to the ir puri ty for ant iserum 
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pro duc t ion, serology, electron microscope examination and RNA 

analysis . 

I t is o f  interest to  note that those isolates which were denatured 

by c i t ric  acid  precipitation react ed serologically as PNRSV . This  

is contrary to th e  reports that c itric acid  precipi tation is  a useful 

method for parti al purification of PNRSV from s tone fruits (lOO) but 

that citric acid denatures ApMV serotypes ( 9 9 ) . 

Thomas (248)  reported s imilar result s  to this c urrent investigat ion 

in that efforts to puri fy PNRSV from rose by precipi tat ion with 

c i tric acid or polyeth ylene glycol failed . 

Thi s  may support the finding that s t rains o f  PNRSV from rose (45)  and 

hops (23, 2 4 )  may differ from PNRSV occurring in s tone frui t . Rose  

and hops are the only natural hos t s  from whi ch both  ApMV and PNRSV 

have been obtained and s ome isolates from these hos t s  may have certain 

characteris tics in common which are not found in e i ther PNRSV from s t one 

fruit o r  ApMV from apple (45 ) . 

A serological investigation of  s ix virus isolates from ros e,  by agar 

gel diffus ion using three ant isera of the ApMV serotype and two 

ant i sera of the PNRSV serotype, showed a more or less cont inuous 

spectrum of serological reac t ions among the isolates , ranging from 

typical ApMV to typical PNRSV with one isolate react ing with both 

serotypes (45) . 

In Australia virus isolates from roses showing line pat tern sympt oms 

reacted in gel diffus ion tes ts  t o  both PNRSV and ApMV serotypes (19 ) . 

The presence in rose o f  intermediate sero types may account for the 

failure of  citric acid precipitation to  purify the isolates tested . 

Intermediate serotypes were not detected by ELI SA, a result which 

was not unexpec ted in view o f  an earlier report (16 9 ) . Some faint 

reactions were however obtained by gel diffusion with isolate ' 154 ' 

and some o ther i solates in herbaceous hos t s ,  when reac ted wi th some 

ApMV type ant isera . 
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Characteris tic s  of  Part icles 

(a)  Morphologi cal 

In 195 6  it was reported that part ially purified vi rus from two 

rose sources examined by elec t ron microsc opy were both found to  

have spherical particles  wi th mean diameters o f  2 8nm and 35 . 4nm (286 ) . 

Virus i solates from rose separated into three zones by sucrose density 

gradient cent rifugat ion . The t op and bo t t om zones were examined 

separately with an elect ron microscope . The top component contained 

uni form spherical particles wi th a mean diameter of 22 . 5nm. The 

b o t t om component contained both spherical particles with a mean 

diameter o f  28 . 7nm and bacilliform particles up to 82nm in length ( 19 ) . 

Thomas ( 248)  reported that the shape and size  o f  PNRSV part icles from 

rose varied from isometric  ( 26 . 7  t o 30 . 9nm) to  quas i-spherical and 

bacilliform up t o  6 2nm lon g .  

Methods 

For elec tron micros cope examinat ion partially puri fied preparat ions 

of virus part i c les  were resuspended in either 0 . 0 1M magnes i um 

chloride or 0 . 75%  glutaraldehyde . 

Fixa t i on wi th glutaraldehyde resulted in considerab ly less disruption 

o f  the virus particles than resuspens ion in magnesium chloride . 

In accordance with the results ob tained with leaf dip and crushed 

homogenates ( see indexing by elect ron microscopy) it was found that 

ne gat ive staining with uranyl formate , prepared after the method of  

Barnet t  & Murant ( 1 7 ) , gave th e  bes t re sults and this  method was 

therefore used . 

Results  

Elec t ron mic ro scope examination o f  partially purified  preparations of  

several i solates o f  PNRSV each contained particles whi ch were mos t ly 

roughly spherical ranging from 22  to  28nm in diameter . Those approaching 
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the larger diame ter tended t o  be elongated on one axis . A few 

part icles were bacilliform ranging up to 38 t o  40nm long by 2 2  t o  

28nm wide . 

Some apparently longer part icles were ob served but as  these appeared 

to be considerab ly disrupted i t  was considered that the apparent 

length was an art i fact resulting from distortion . 

Al though no prec ise separat ion o f  virus particles into top , middle 

and bo t t om components was at tempted it was noted that samples taken 

from the upper part of  the gradient pro file contained predominant ly 

spherical part icles . Virtually all the larger and bacilliform 

part icles occurred in samples taken from the lower part o f  the 

gradient profile . 
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Characterist ics o f  Particles 

(b ) Physical properties 

In 1 9 6 7  Fulton (99)  noted that two and often three zones were 

visib le in op t ical density pro f i les after density gradient cent ri

fugat ion of virus isolates from ro se and that the relative proport ion 

of the zone s was similar for the same isolate b ut different for 

different isolates . S imilar ob servat ions of  three zones were made 

in Aus t ralia ( 19 ) . Thomas ( 248)  also found that PNRSV from ro se 

separated into three sediment ing components  in sucro se density 

gradient and in analytical  centri fugation .  He noted that the ratios 

of the top middle and b o t tom component s  varied between isolates . 

Me thod 

During purificat ion of  the isolates by centri fugation in 1 0-40% 

sucrose  density gradient ( see sect ion on puri ficat ion ) optical 

dens ity p ro files o f  the sedimen t ing virus par t icles were recorded . 

Results  

The opt ical density profiles o f  sucrose density gradients of  

preparations of  nucleoprotein from different isolates of PNRSV 

each showed a UV ab sorption profile charac teri stic  of that 

isolate ( see Fig . 1 ) . 

The ratio o f  3 maj or components  - t op ,  middle and b o t t om - using the 

nomenclature of Lis ter & Bancro ft  ( 1 76 ) , was charac teris tic  and 

constant for each o f  5 isolates tested . 

The numb er of prepara tions tes ted o f  each isolate varied from 4 o f  

isolate ' l OO ' to  3 8  o f  isolate ' 154 ' . The pro fi le was characteris tic  

and cons tant for  all preparat ions o f  any one isolate . Isolate ' 154 ' 

maintained in herb aceous hos t s  for 18  months produced the same profile 

at the end of  that period as i t  did at  the beginning o f  the period . 

There did not appear to be any correlation b e tween the ratio  of  

component s  in  th e  pro f i le o f  an isolate and the type of  symptom 

express ion in the orginal rose sample . 
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FIGURE 1 .  Op t ical dens ity p ro f iles o f  sucrose dens ity 

gradients of preparat ions of nuc leopro tein 

obtained from five d i f ferent isolates o f  

prunus necro t i c  r ingspot virus , each f rom 

d i f ferent rose samples . The rat ios o f  top , 

middle and bot tom components are charac t e r i s t i c  

o f  each isolate . Sedimentation from l e f t  to righ t . 

Relat ive ab sorbance at 254nm .  
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Isolates ' 20 '  and ' 22 ' were b o th from plant s  of ' Honey Favourite ' 

growing in the same bed  in a pub l i c  ro se garden . Both plant s  showed 

symptoms within the general category of rose mosaic but differed from 

one another in that isolate ' 20 '  was recorded as "heavy chlorotic  

b lo t ches" whereas isolate ' 22 '  was recorded as "f ine chloro t ic l ine 

pattern" . 

Despite both b eing p lant s of the same variety , probab ly from the same 

sourc e ,  and both showing symptoms of  the rose mosaic type the absorption 

pro f iles o f  the isolates from these two roses are quite distinctive . 

The pro f i le of  isolate ' 20 '  showed maximum absorpt i on by  the t op component 

and much less  in the middle and bot tom component s  whereas isolate ' 22 '  

consi s t ently showed maximum ab sorption by the middle component . 

The pro f i le of isolate ' 2 2 '  was not greatly different to  that o f  isolates 

' 1 0 1 '  and ' 15 4 ' both of which also showed maximum ab sorption by the 

middle component and only differed in the relat ive degree of  absorp tion 

of the t op and b ot tom componen t s . 

These latter two isolates however ,  came from rose samples which did 

not show any rose mosaic type sympt oms . Isolate ' 10 1 '  came from 

a sympt omless ' Diamond Jub i lee ' and isolate ' 1 54 ' came from a 

' Chrysler Imperial ' showing severe rose wil t  type symptoms with 

decline and die-back . 

On the o ther hand isolate ' lOO ' from a plant of  ' Super Star ' in the 

P . D . D .  collection of p lant s  with rose wil t , which also showed mild  

ro se  wil t  type symptoms , p roduced an ab sorp t ion pro f i le with two 

almost  equal maxima for the top and middle component s  and relatively 

l i t t le  absorbence by the bot tom component . 

viral RNA was carried out using virus from 

had showed a maximum ab sorpt ion 

by the middle component 

Plot s  of the distance migrated in PAGE by the diff�RNA spec ies 

gave closely s imilar values . 
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Charact eristic s  o f  Particles 

(c)  Ribonucleic acid componen t s  

A number of  workers have analysed the nuc leic acid component s  o f  

various viruses i n  t h e  ilarvirus group b y  polyacrylamide-ge l  electro

phore sis  (PAGE) . A PAGE analysis of  nucleic acid from TSV , the type 

member o f  the group , resolved several RNA species of  dif fering molecular 

weights .  Both the RNA and the nucleoprotein virus particles were also 

separated into several component s  by density gradient centr i fugation ( 5 8 ) . 

Infec t ivity tests  supported an assumed homo lo gy - using the nomenclature 

o f  Lister and Bancro ft  ( 1 7 6 )  - be tween t op ,  middle and b o ttom nucleic 

acid component s  and top , middle and bot tom viral component s  respec t ively 

( 5 8 ) . 

The molecular wei ght e s t imates for the nucleic acid component s  were : 

bo t t om 1 . 12 x 1 06 ; middle 0 . 94 x 106 ; top 0 . 7  x 106 dal tons . In 

addit ion a smaller RNA species o f  molecular weight 0 . 35 x 106 dal tons 

was present ( 5 8 ) . 

In the ilarvirus group not only TSV b ut also c i trus leaf rugose virus 

and c i trus variegat ion virus have all been found to have their genetic  

informat ion in th e  three heaviest  RNA species o f  molecular wei ghts  

about 1 . 1 ,  1 . 0  and 0 . 7  x 106 dal tons . However , these RNA ' s  are  not 

infe ctious unless e i ther a smaller fourth RNA (M . W .  about 0 . 3  x 106 

dal t ons ) or coat pro tein is  added ( 1 20) . 

Ribonucleic acid from ApMV , isolated from rose , and PNRSV , isolated 

from sour cherry , separated into four s imilar components by density  

gradient centrifugation .  The three heaviest  RNA species o f  each virus 

became infe c t ive when activated by the smaller fourth homo logous RNA ( 1 19 ) . 

With ApMV from rose the infec tivity o f  the middle and bot tom virus 

parti cle s , but not the t op component nucleopro tein alone ( 9 9 ) , would 

support the suggestion by Clark and Lister ( 5 8 )  that with TSV the 

small fourth RNA neces sary for infectivity is encap sulated in the 

middle nucleopro tein component together wi th RNA species in common with 

the t op nuc leoprotein component .  
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Evidence indicates that viruses in the ilarvirus group have close ly 

s imilar infect ivity requiremen t s  in relation to  their RNA ' s  ( 1 19 ) . 

Method 

The following procedure was adopted to  obtain es t imates of  

molecular we igh ts  of  RNA specie s . 

Prunu s  necrotic  ringspot virus isolat e ' 1 54 ' was partially puri fied 

from heavily infected cucumber . Nucleic acid was ob tained from 

the virus nucleoprotein using a sodium dodecyl s ulphate/phenol 

extrac t i on p rocedure ( 2 1 1 ) . 

Yields by this method were generally low and an alternat ive procedure 

using sodium perchlorate was adopted (285 ) . 

Polyacrylamide gel electrophores i s  after the me thod o f  Peacock & 

Dingman ( 2 1 0 )  was carried out in quartz  t ubes , pre-e lectrophoresed 

for 2h at  6m A per t ube . 

Rat liver ribosomal RNA containing two RNA species (M . W .  1 . 80 and 

0 . 6 3  x 106 ) was used as a s t andard . 

For separation the gel s  were s ubj ected to electrophoresis  for 1 . 5h 

wit h  a current of 4m A per tube . 

Gels were removed and scanned on a Joyce Loebl Chromos can using a 

SV Rikadenki recorder . Gel s  were also s tained overnight with a 

0 . 0 1% solution o f  tolui dine b l ue (58) . 

Molecular weigh t s  for the RNA species were e s t imated by  comparing 

their mobi lity in ge ls with the two RNA species from rat ribosomes 

assuming a linear relationship between log molecular we ight  and 

distance moved ( 2 1 ,  1 79 ) . 

11;;6;1 '" {ru ••• f f-�j- · 
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Resul t s  

Polyacrylamide-gel electorphoresis  analysis  of  viral RNA was carried 

out us ing virus from purificat ions of isolate ' 15 4 ' which had showed 

a maximum ab sorption by the middle component in dens ity gradient 

absorp t ion p ro fi les . Plots of  the distance migrated in PAGE by  the 

d ifferent RNA species gave closely s imilar values . 

Two small peaks gave mo lecular weight e s t imates of  approximately 

1 . 4  and 1 . 0 x 1 06 daltons respect ively and two large peaks gave 

molecular wei ghts o f  approximately 0 . 7  and 0 . 3  x 1 06 daltons respec

t ively ( see Fig . 2 ) . 

Infectivity o f  the RNA preparations was not tes ted . 

Discussion 

By comp arison TSV, the type member of  the ilarvirus group , has th ree 

n�lecules of RNA with M . W ' s  of about 1 . 1 , 0 . 9  and 0 . 7  x 1 06 and a 

subgenomic RNA o f  M . W .  0 . 3  x 10
6 ( 5 8 ) . 

The three larger molecules are assumed to conform with the top , 

middle and bottom viral components which separate out in density 

gradient cent rifugat ion ( 5 8 ) . 

With PNRSV from rose dif ferent isolates may vary markedly in the 

relat ive proportions of top , middle and bottom which separate in 

dens i ty gradient centri fugat ion . Isolate ' 1 54 ' which was used for 

this RNA analysis  consi s t s  almo s t  ent irely of middle component . 

The relatively large amount o f  the smaller RNA species would sugges t 

that there had been considerab le in vi tro degradat ion o f  RNA during 

extrac t i on .  

Summing the molecular wei ghts  o f  the two smaller species o f  RNA 

gives a value s imilar to that of  the 1 . 0 x 1 06 species sugge s t ing 

that they may have been , at  leas t in part , derived from this by 

breakage . 
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I 1 54 

0.7 

0.3 

FIGURE 2 .  Op t ical dens i ty profile o f  nucleic acid from 

prunus necro t ic r ingspot v irus isolate ' 154 ' 

after po lyacrylamide ge l electrophoresis for 

l . Sh at 4 mA per tube . Numbers are e s t imated 

mo lecular wei ghts in mil lions o f  daltons . 

Mi grat i on f rom r i ght to left . 

Re lat ive ab sorbance at 260nm . ( 
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Such an assumpt ion would give a yield of  nucleic acids - b o t tom 

( 1 . 4  x 106 ) ,  middle ( 1 . 0  x 1 06 ) and t op (0 . 7  x 106 ) - in simi lar 

proport ion to the three nuc leopro tein components which separate  in 

this isolate when centri fuged  in a dens ity gradien t , that is , 

p re dominan t ly middle component .  

Clark & Lister (58 )  had found in their work with TSV nuc leic acid 

analysis that s imi lar degradation of RNA from the middle component 

nucleoprotein occurred . 

Although ident ical molecular weigh t  does no t necessarily imply the 

same identity  of two RNA species the evidence sugge s t s  that for the 

PNRSV isolate tested the middle viral component in density gradient 

centrifugation contains an RNA species in common with the t op 

component together with a smaller species , unique t o  the middle 

component .  

This  would b e  s imi lar to  the evidence for RNA species in TSV 

nucleoprotein ( 5 8 )  which is in acc ord with Fulton ' s  ( 104)  b iological 

evidence of  common funct ion for t op and middle components  of TSV . 

Unfortunately no RNA analysis was made o f  o ther rose i solates wi th 

dif ferent proport ions of top , middle and b o t t om components .  Thi s  

could have proved interest ing i n  view o f  the wide variation between 

isolates . 
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Ant i serum Production and Te s t ing 

Methods 

Puri fied virus from isolate ' 1 54 ' was diluted to give approximately 

1 mg/ml . 

One millili tre of  virus suspension was emulsi fied in the cold with 

1 ml of Freund incomp lete adj uvant and inj ec ted intramuscularly into 

the hind leg of  a rabbit . Simi larly prepared inj ections were given 

intramuscularly after 8 days and again after a further 8 days . These 

were followed 8 days later wi th an intravenous inj ection in the 

marginal vein of  the ear . After the int ravenous inj ection sample 

bleedings were taken at 4 days , 8 days , 1 1  days and 17 days . After 

3h at room temperature to clot the bleedings were stored overnight 

under refrigerat ion , centrifuged at 3000 rpm for 2 0  min ( Sorval l  

centrifuge 1 00 0g) , the serum decanted off  and mixed with an equal 

volume of  glycerol . Titres we re determined by the microprecip i t in 

t e st  using drop s in a petri dish and covering wi th parafin oil . 

The same procedure wa s f o l l owe d u s ing p u r i f i e d  virus from i solate 

I 1 0 1 I • 

The identities  of both ant isera were checked by OuchterlonY gel 

double diffusion in petri dishe s .  The serology agar was 0 . 9% agar 

in phosphate buffered saline ( 0 . 0 1M K/K2P04 pH 7 . 0  in 0 . 85 %  NaCl )  

wi th 0 . 02% sodium azide added after aut oc laving . 

Resul t s  

The homologo/s t i tres of  the bleedings were 1 / 32 after  4 days , 

1 / 6 4  a fter 8 day s ,  1 / 25 6  after 1 1  days , dropp ing off  to 1 / 32 after 

17 days . 

&1 intravenous booster inj ection 30 days after the previous intra

venous inj ect ion was s imilarly monitored and the t i t re again reached 
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a maximum o f  1 / 256  1 1  days after the boos t e r .  

The t i tre against c larified sap o f  heal thy cucumber was never 

greater than hal f .  

The ant iserum t o  i solate ' 1 0 1 ' gave a maximum t i t re 1 1  days after 

intravenous inj ec t ion of  1 / 1 2 8 .  

The symptoms on the original rose sample  ' 154 � from which i solate 

' 1 54 ' was obtained, were seve re decline wi thout any mo saic symptoms . 

Ro se samp le ' 1 0 1 � from which isolate ' 1 0 1 '  was obtained, was a symp tom

less ' Diamond Jubilee ' which had been under observat ion and had 

been a sour ce of propagat ion ma terial for s ix years . Ne ither the 

parent plant or any of the progeny had shown any virus-like symp toms . 

The ant isera to isolates ' 1 0 1 ' and ' 154 ' we re reacted in optimal 

concentrat ions by gel double diffusion against  both homologous 

and heterologous , partially purified virus of  isolates ' 1 0 1 ' and ' 1 54 ' .  

The resultant precipitat ion l ines coalesced wi th no apparent spur 

forma tion indicating comp lete  identity  of the isolates wi th respect 

to their serological propert ie s .  

Other virus i solates from rose s infected wi th PNRSV,  but showing 

various mo saic and other symp toms di s t inct from the symp toms shown by 

rose samp les  ' 1 0 1 ' and ' 1 54 ' ,  we re tested by the same me thod using 

the ant i sera to isolates ' 1 0 1 ' and ' 154 ' .  Desp i te the dif ferences  

in  symp tom express ion on rose no  serological differences could be  

de tected . 

Both an ti sera were also checked against an isolate of PNRSV obtained 

from Plant Diseases Division (PDD) , Dep t .  Scienti fic and Industrial 

Re search , Auckland . 

The iden t i ty of  iso late ' 15 4 ' wa s fur ther checked by reacting infected 

cucumber cotyledons wi th a range of ant isera in gel diffusion tests . 

Posi t ive reac tions were obtained wi th the fol lowing PNRSV -type 
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ant isera : PNRSV-RA (100) rose yellow net vein virus , RYNVV (108) , 

rose 464A (100) , all  supplied by Fulton ; PNRSV from PDD and the 

serologically closely related Danish plum l ine pattern virus 

DPLPV (100) , also from Fulton . 

Very faint reactions were also obtained with two ApMV-type 

ant isera - ApMV-C (lOO ) and RMV ( 9 9 )  - both from Fulton . This  

was not  unexpected as PNRSV and ApMV both  have a low proport ion 

of common antigen (100 ) . 

There were no react ions with ant isera to prune dwarf  virus (PDV "B")  

(100) , PDV (PDD) and TSV (PDD) except some non-specific  reactions 

at ant iserum c oncentrations of one quarter or higher . 
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CHAPTER 4 

ENZYME LINKED IMMUNOSORBENT AS SAY (ELI SA) 

Of  t:t:1e recently developed serologi ca l te chnique s ELI SA has proved to 

be one o f  the mo st versatile . I t  i s  now widely used in many medical , 

veterinary , agricultural and horticul tural si tuat ions . I t  i s  

highly sensitive and can b e  used fo r both quali tat ive and quantitative 

determinations . The re are several methods of applying the technique 

and the double ant ibody sandwi ch is  the method generally used for 

detect ion of  virus in plant s .  This  me thod can be briefly described 

as follows : 

1 .  Purified sp ecific ant ibody ( t o  the ant i gen to be measured) is  

at tached to th e  solid  phase whi ch is  then washed . 

2 .  The test  solut ion thought to contain antigen is  then incubated 

with the sensit ised solid phase which is  then washed . 

3 .  Enzyme labelled speci fic an tibody is  then incubated wi th the 

solid phase followed by washing . 

4 .  Enzyme substrate is  added . The colour change is  proport ional 

to the amount of ant igen in the test solution in s tep 2 .  

The development of  the test  and i t s  use in detec t ing viruses in 

plant s is described in the fol lowing . 

The use of  glutaraldehyde for coup ling and cross-linking of  enzymes 

and p ro teins was pioneered by Avrameas and eo-worke rs ( 9 ,  1 0 ,  1 1 ) . 

The enzyme-prote in conj ugat es we re used for the microscopi c  

detect ion of  ant i gens or  ant ibodies i n  cellular preparat ions after 

hist ochemical colourat ion of  the enzyme s ( 9 ) . By us ing enzymes 

wi th reaction product s  of  dif feren t co lours two ant igens could be 

revealed simultaneously in a single preparat ion ( 2 8 4 ) . 

The p rinciple o f  using ant igen absorbed to a solid phase to react 

wi th enzyme-conj ugated ant ibody was out l ined by Engvall & Perlmann 

( 7 7 ,  78 ) . 

These methods were used to test for the presence o f  malarial antibodies 

in humans using the microp late me thod coated with ma larial ant i gen ( 2 7 6 ) . 
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I t  was not unt i l  test  plates were coated wi th ant ibody rather than 

ant igen that the doub le antibody sandwi ch method was developed and 

app lied to the de tect ion of viruses in p lant s  ( 2 7 4 ) . The technique 

proved to be ext reme ly sensit ive , enab l ing assay of  the viruses at  

concentrations as  low as 1 0  to 1 00 ng/ml both  in  purified preparations 

and in crude p lant extrac ts  ( 2 7 4 ) . 

Extrac t s  of  some woody p lant s  inhibi ted the virus-specific reaction 

while others caused non-specific reactions . I t  was found that the 

inhibi t ion could be overcome by dilut ion of  sap to  1 : 1 00 and the 

non-specific react ions could be reduced or e l iminated by the addi t ion 

o f  po lyvinyl pyrrolidone at 1-2%  (W/V) to the extrac tion buffer (55 ) . 

The technique was further used to assess dif ferences  in virus content 

within leaves and between dif ferent f loral parts ( 5 6 ) . 

A detailed inves t igat ion of  the charac teristics  of  the microplate method 

o f  ELISA for de tect ion and as say of p lant viruses exp lored a range 

of variations of concent ra tions , buffer addi tives , samp le source s ,  

extract dilutions , incubation t ime s and other effe c t s  ( 5 3 )  which 

led to a standardised procedure on the EL ISA techni que for p lant 

viruses (54 ) . 

Various adaptations and variat i ons o f  the te chnique were inves t i gated 

to s t udy particular aspec t s  and appl ications , serotyp ing of  PNRSV 

( 1 2 ) , homologous and heterologous react ions ( 1 6 9 ) , short react ion 

t imes to speed the test  ( 1 7 1 ) , i so lat ion of  specific  ant ibody for the 

test  by acid sucrose density gradient centrifugat ion ( 1 8 6 ) , the use 

of p o lystyrene st icks rather than plates (80 , 8 1 ) , the re-use o f  

ant ibody coated microp lates ( 1 4 )  and the re-use of  non-sandwiched 

ant ibody-enzyme conj ugates ( 1 5 ) . 

The use of  the EL ISA technique for testing for various viruses in a 

range o f  crops was rapidly exp loited by many workers , prune dwarf virus 

in Prunus avi um ( 46 ) , potato leafro l l  virus in potato ( 4 7 , 1 2 7 ,  1 8 3 ) , 
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ArMV, PNRSV and hop mosaic virus in hop ( 2 59 ) , plum pox virus in 

Prunus spp . ( 1 ,  5 6 ) , two viruses in maize ( 2 22 ) , strains of PNRSV in 

hop and plum ( 1 2 ) , viruses in soybean seed and plants  ( 1 75 ) , tomato 

ringspot virus in red raspberry ( 65 ) , seed-borne mosaic virus in 

pea ( 1 3 1A) , �itrus tristeza virus in ci trus ( 1 3 )  and rugose mosaic 

in cherry ( 1 95 ) . Concurrently wi th the invest igat ion described in 

this report , but independent of it , ArMV , PNRSV and SLRSV were detected 

in roses by Thomas ( 2 5 2 )  using ELI SA .  

An investigation o f  the relative sens i t ivity o f  four di fferent 

serological methods for the de tection of ArMV , PNRSV and SLRV in rose 

showed tha t the latex flocculation as say was up to 250 t imes more 

sensitive than gel immunodi f fusion but ELI SA and serologically 

specific electron mi croscopy ( SSEM) were respect ively 200 and 1 , 000 

t imes more sensitive than the latex test  ( 2 52 ) . 

Thomas ( 2 5 2 )  also reported that seve ral viruses could be detected 

s imul taneously us ing SSEM, although the viruses could only be identi fied 

if they were morphologically distinct . He calculated that up to  1 0 0  

prepared grids a day could b e  examined using SSEM . 

On occas ions Thoma s ( 2 5 2 )  found that ELISA failed to detect viruses 

in rose sap due to non-specific react ions and possib ly s t rain 

difference . 

Discussion 

The following discus sion is  appended here as i t  i s  pert inen t to 

Thomas ' paper j ust  reviewe d .  

Al though at the time the wri ter was unaware of  Thomas ' work , which 

was being carried out concurrently,  the two inves t i gations support 

each o ther in demonstrating the applicat ion of  the ELI SA technique 

for rap i d ,  rout ine indexing of rose plant s  fo r known viruses . 

Later in this report the writer describes how the occasional failure 

of  ELISA to detect viruses in rose sap , due to non- specific reac t ions 

and st rain d ifferences , can be overcome wi th standardised selection 

of samples , adequate dilut ion and prolonged incubation . 



-66-

A me thod us i ng a modi fi cat i on of the ELI SA technique to  test  

simul taneously for  several viruses in  rose  sap is  also  described 

later in this report . 

With these modif icat ions ELISA can be used for reliable rapid 

rout ine indexing of  roses for known viruse s .  Al though no t as 

sens i t ive as SSEM it  could be more convenient for gene ral use . 

The ELI SA method is  capable of  handl ing at least as many samples 

per week as SSEM but wi thout the avai lability of  an electron 

micro scope . 
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Methods and Results 

The general me thod o f  ELI SA testing for the detect ion of  viruses 

in this s tudy closely follows that de scribed by Clark , Adams & Barbara 

( 5 5 )  and Clark & Adams ( 5 3 ,  5 4 ) . 

Each batch of  coating and enzyme labelled gamma- globulin was tes ted 

for optimum concentrations after the method of  Clark & Adams ( 5 4 ) . 

In general a concentration of coating gamma-globulin of  1 ug/ml with 

enzyme labelled conj ugate diluted 1 : 800 and p lant test samp le s  

diluted 1 : 100  were found op t imal . 

A standardi sed method for collecting and preparing rose samples 

was used . 

Young leaflets  wi th the lamina j ust  un folded about the midrib were 

used . For each test  approximately 0 . 1g  of  t i s sue was quickly 

macerated wi th a mortar and pe s t le in 1 ml of extrac t ion buffer 

and a further 9 ml of extract ion buffer added and s t irred giving 

a sample concentration of app roximately 1 in 100 . 

This method was used as i t  was found dif ficult to adequately macerate 

the small sample in 10 ml of buffe r .  

The use of  a cork borer for taking leaf samples was found to  be 

sufficient ly ac curate but this needed to be checked at different 

seasons and for dif ferent ho s t s  as the same size cork borer was not always 

appropriate . 

The purificat ion of  gamma-globulin , the conj ugation of alkaline 

phospha tase enzyme ( Sigma type VI I )  wi th purified gamma-globuli� 

and the buffers used in the test  all followed the same me thod ( 5 4 ) . 

Incubat ion times were 2 h at 3 7° C for coa t ing gamma-globulin , overn ight 
0 at 4 C for test  sample s  and 6 h at 3 7° C for enzyme-labelled gamma-

globulin . 
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Enzyme substrate , p-nit rophenyl phosphate was used at the rate 

of one 5 mg tablet to each 8 ml of subs trate buf fer .  

Ini t ially the subs trate was incubated at  room temperature for 1h 

and the reaction then s topped by adding 5 0  ul o f  3 M NaOH to  each 

well . 

Ini t ially assessment of resul t s  by visual  observation proved 

unreliab le as weak reactions were frequen t ly undetected . Measurement 

o f  absorbance at 405 nm pre sented some dif ficul t ies as  the volume 

available was insufficient for testing on the avai lable spectropho to

meters . Use o f  an ISCO UA5 flow through absorbance monitor 

to draw through successive wel l s  proved convenient but insuf ficient ly 

accurate . In later work where comparat ive quant itative re sults were 

required four wells  were used for each test and the conten t s  combined 

to give an average reading from a Pye Unicam SP 800 spec tropho tome t e r .  

Where only a quali tative t e s t  f o r  the p resence or absence of  virus was 

required , as when surveying a la rge number of p lants  to determine 

their health  s tatus , a visual test  was devised . 

It  was found that by incuba t ing at 37°C rather than room temperatur� and 

extending the t ime o f  incubation of sub s t rate weak react ions not 

reliably visible after 1 h ,  developed suffic iently to be reliably 

assessed by vi sual observat ion . Thi s me thod could no t be used for 

quanti tat ive result s  as  the more rap idly reacting wel l s  would go t o  

completion using up the available substrate during the extended 

incubation period . 

For this type of  rapid survey plates were incubated at 37°C for 1 h 

and then visually assessed before storage ove rnight at 4°C ,  again 

assessed , then hel d  at room temperat ure for a further 2 h or more 

be fore finally recording . 

During and after assessment a careful watch was kep t on healthy control 

wel l s  but these did not show any colour change for at least 5-6  h 

af ter final assessment . 
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In order to adapt the method for rapid s creening of  field crops an 

equal weigh t  o f  young leaves from each of  ten rose bushes were 

macerated together to make one test  sample . One infected bush combined 

with nine healthy s t ill gave a reliab ly detectable reaction . 

Where a crop may be infected by several dif ferent viruses i t  is  

desirable to  be able to  test  for  the occurrence of  any of  the  viruses . 

Pur ified gamma-globulins against  PNRSV , ApMV and ArMV were each diluted 

in coat ing buf fer to  three t imes their opt imum concentrat ions and then 

mixed t o  give the opt imum concentration o f  each gamma-globulin in the 

coat ing buffe r .  Similarly the enzyme-labelled gamma-globulins to  the 

three viruses were d iluted to  optimum concentrations of  each in 

PBS-Tween containing 2%  PVP and 0 . 2% ovalbumin ( see Fi g .  5 ) . 

Using these mixtures a reliable pos i t ive reaction was obtained not 

only in the presence of any one of these viruses in a young leaf o f  

infected rose b u t  also when the infected sample was comb ined with 

equal samples by weight of  nine o ther healthy ro ses . 

Bulking up of  rose samples was not attempted beyond this point and 

three viruses were the mos t  tes ted s imultaneously but from the strength 

of the positive react ions ob tained the us e of larger numbers could well  

be success ful . 

For routine screening in this s t udy four rose plants were tested 

s imultaneously for three viruses . Where a posi t ive react ion was 

ob tained from a batch test  the individual plan t s  were tes ted for 

specific  viruses . 

The ant i sera used for preparation o f  purified gamma-globulin for 

ELI SA t esting were as fol lows : PNRSV - ' 154 ' , prepared as described 

under " S erology" , from a PNRSV i solated from rose sample ' 154 ' of 

the sample collection . 

Ant isera obtained from R . W .  Ful ton , University of  Wisconsin , U . S . A . , 

were PNRSV-RA t itre 1 : 1280 from sour cherry necrosis  (100) , 
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Danish plum l ine pattern t i t re 1 : 320  from Danish plum ( 100) , PDV-B 

t i t re 1 : 640 from plum ( 10 0 ) , ApMV-c t i t re 1 : 1 280 Cropley isolate 

( lOO ) and � t i t re unknown . 
�b�V 

Ant i sera obtained from B . D .  Harrison , Scottish Hort icultural Research 

Ins t i t ute , U . K . , were ArMV t itre 1 : 2048 ( s ource unknown) and 

SLRSV t i t re 1 : 2048 ( s ource unknown) and TSV ant is era from the anti sera 

collect ion held at  Massey Univers i ty . 

After puri ficat ion of the gamma-globulin from each antiserum the 

opt ical density was measured at 280nm and diluted to give approximately 

lmg/ml o f  gamma-globulin (OD 1 . 4 )  except SLRSV which gave a y ield after 

pur ification of less  than 0 . 4mg /ml o f  gamma-globulin (OD 0 . 6 ) . 

No d if ficulty was experienced , no r was any apparent variation in the 

reliability of the tes t ing me thods ob serve d ,  irrespect ive of the t ime 

o f  the year , providing young unfolding or j us t  unfo lded leaflets were 

used as test  material . 

When young leaves were not available in mid-summer and late autumn 

suitab le growth could be induced by pruning and forcing the plant s  

t o  b e  tested . 

Some equally c onclusive tests  were also carried out in mid-winter by 

cut t ing dormant canes from the plant s to be tested , wrapping the 

cane s in damp newspaper , sealing in polyethylene film and s to ring at 

room temperature . When the buds  on the canes had produced 10 to  20mm 

e t iolated shoo ts  these could be used as suitable test  mat erial . 

Similarly in early spring when the fir s t  shoot movement from a dormant 

bud had reached lOmm or more in length the young shoot provided suitab le 

test  material . Although the use of  such young shoots is pract ical i t  

is  not as c onvenient as unfolding leave s as i t  is  neces sary to  weigh 

each sample rather than use a cork borer to  obtain the required amount 

for t e sting . 

Plan t s  grown in greenhouses provi ded suitab le young material at any 

t ime o f  the year . 
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1 .  ELISA indexing of  "di sease collection" 

In order to carry out indexing by EL ISA, puri fied gamma-globulin 

was prepared from ' 1 54 ' antiserum wi th a t i tre of  1 / 25 6  and diluted 

to 1 mg/ml . 

One ml wa s diluted in coating buffer to  give 1 0 0  ml of 1 0  ug/ml 

gamma-globulin . 

One ml was conj ugated wi th alkaline phosphata se ( Sigma type VII )  

enzyme and diluted t o  200 ml with PBS-Tween containing 2 %  PVP and 

0 . 2% ovalbumin . 

The remainder of  the purified gamma-globulin was s t ored in silicone

treated glass tube s ,  1 ml / tube , in a deep freeze . 

Determinat ion o f  opt imum concent rations of  sample s ,  coat ing gamma

globulin and enzyme- labelled gamma-globulin was carried out after 

the method of  Clark & Adams (54)  using cucumber infec ted with the 

homologous virus and heal thy cucumber as test  samples . 

With this preparat ion samp les diluted 1 : 1 00 and enzyme-labelled conj ugate 

diluted 1 : 200 were op t imum but the op t imum concentration of  coating 

gamma-globulin was be tween 10 and 1 ug/ml . After further tes ting 

5 ug/ml was used . 

A series of tests  were then carried out using infected and heal thy 

rose to det ermine the best  type and age of  rose material to use 

for tes ting . 

The greatest  absorbance dif ference (at 405 nm) between healthy and 

infected rose , oc curred wi th young rose leaflets at the stage they 

were j ust  unfolding about the midrib . 
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A spectrophotome ter set  t o  measure absorbance of the hydrolysed 

subs t rate at  4 05nm was zeroed on a buffer only blank . Absorbance o f  

heal thy controls varied between 0 . 05 and 0 . 1 5  whereas absorbance o f  

infected samples fell within the range 0 . 24 to  0 . 3 .  No samples 

regis tered an absorbance in the range 0 . 1 5  to 0 . 24 .  Thi s  indicated 

that the test gave a clear distinction between infected and healthy 

rose material . 

The effect  of  increasing incubation t ime s and temperatures was 
\ 

inve s t igated and i t  was found that incubation at  3 7
°

C for 1 h ,  rather 

than room temperature , greatly increased the vi sually observable 

colour of the wells  containing infected material wi thout making 

any observable dif ference to the wells cont aining healthy material . 

Spectrophotome ter readings of  absorbance at 405nm showed that although 

absorbance of the healthy contro l s  had increased to range between 

0 . 2  and 0 . 25 the absorbance o f  the infected samples had increased 

to range between 0 . 4 3 and 0 . 5 2 .  

I 
I 

\ 

The range within whi ch no absorbance values were regi stered was therefore 

0 . 25 to 0 . 43 , range of 0 . 1 8  absorbance rather than the range o f  0 . 09 

absorbance , which did not regi ster wi th incubation at room temperature . 

In order to assess  the possibility of  using visual observation , 

rather than measurement of  absorbance to determine the p resence or 

absence of  virus , plates were initially incubated for 1 h at 3 7°C 

then s tored ove rnight at 4°C and incuba tion under regular observation 

continued the next day . As soon as any sign of discernable colour 

appeared in the healthy cont rol we lls the reac tion was stopped 

by adding 50  ul of  3 M NaOH to each we l l .  

By this time all wells containing infec ted ma terial were clearly bright 

ye llow giving a dis tinc tive test for the presence of virus . As the 

react ion in many of the wells  appeared to have gone to complet ion 

using up the available substrate thi s  method would only be suitable 

for qualitat ive ra ther than quantitative assessment . 
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In order to test  the reliability of  the me thod all the samples in 

the d isease collec tion were tested for the presence of PNRSV using 

gamma-globulin puri fed from the ' 154 ' ant i serum. 

All plates were given extended incubation e i ther until  no further 

colour deve loped in the test  wells  or colour s tarted to develop 

in t he control wells . 

Each plate was visua lly assessed as positive or negat ive for the 

pre sence of PNRSV and then the absorbance of each test measured 

at 405 nm . 

The positive and ne gative result s  obtained by measurement of  absorbance 

agreed wi th the result s  obtained by visual observation . 

The use of  extended incubat ion and visual observat ion alone , where 

large numbers of plant s  have to be screened for presence or absence 

of a virus , greatly speeds the operat ion as further test  plates can 

be loaded and processed while earlier tests  are developing . 

This  series of tests  using gamma-globulin from ' 1 5 4 ' antiserum was 

carried out during February-March 1 980 ,  a time o f  the year when i t  

i s  considered difficult to  index for PNRSV . Succe s s ful testing was 

dependent on ob taining young leave s at the opt imum stage o f  
' 

development for testing . I t  was nece ssary to prune some samples in 

order to force suitable young growth .  

Addit ional tests  using older ful ly mature leave s were done with some 

' opt imum ' growth samples  for comparison . Although the se indexed 

posi t ive or negative , in agreement with the resul ts  using young 

leaves from the same sample , the tests  were less decisive in that 

absorbance readings for infected old leave s were at the bo ttom of 

the range recorded for infected plant s and absorbance readings for 

old leaves from healthy p lants  were at the top of  the range recorded 

for healthy plant s .  The virus concentration appeared to decrease 

wi th increasing maturity of  the t i s sue and non-specific react ions 

tended to increase , thus reducing but not eliminating the 

dif ferential between a posit ive and a negative test . 
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By the following sp ring ( 1 9 80)  a range of  ant isera to various types 

and st rains of  ilar and nepo-viruses had been obtained as previous ly 

described . 

Initially gamma-globulin was puri fied and conj ugated from PNRSV-RA 

and ApMV-C both obtained from and prepared by Fulton ( 1 00) . 

Opt imum concentrat ions were determined for bo th p reparat ions at 

1 ug/ml of  coating gamma-globulin , 1 : 800 dilut ion of  enzyme-labelled 

conj ugate and 1 : 1 0 0  dilution of  test samples . 

In order to  check the previous indexing using ' 1 54 ' ant iserum to 

PNRSV, and to test  for the presence of ApMV , the disease collection 

was again tested . 

For each test  two plates were used , one coated with ApMV-C gamma

globulin and tested with ApMV-C conj ugate , the other coated with 

PNRSV-RA gamma-globulin and tested with PNRSV-RA conj ugate . The 

diluted test  samples were loaded in an ident ical pattern on both 

p lates . Controls  were heal thy rose , PNRSV- infected rose and ApMV 

infected C .  quinoa and buffer blanks . 

Visual assessment only of  plates af ter prolonged incubation was used 

to determine pre sence or absence of virus . 

The same 1 2 0  samples from the disease collection whi ch had indexed 

positive wi th gamma-globulin from ' 1 54 ' an t iserum also indexed 

posi t ive wi th gamma-globulin from PNRSV-RA ant i serum . The o the r 1 0 1  

samples were negat ive wi th re spect  t o  PNRSV .  

All plates tested  wi th ApMV-C were negative excep t for  controls and 

one rose sample , ' 72 '  (see Fig .  4 ) . 

This  was the only occurrence of  ApMV in rose de tected in this s tudy 

and this sample was subsequently used as a control in further tests  

fo r  ApMV . 
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The source o f  the sample was a plant of  ' Masquerade ' growing in a 

public  rose garden on the southern approaches to Taihape . The 

symp toms were s tunting , leaf dis tortion and large gold leaf blotches . 

Although the se symptoms were similar to chloro tic blotching and 

chlorot ic mo t t le symptoms exp re s sed by roses infected wi th PNRSV 

they d if fered in degree , tending to be larger and more golden than 

symp toms associated wi th PNRSV . 

The growth of  roses , infected with  PNRSV and showing mosaic t ype 

symptoms other than chloro t ic s t ipple , is generally normal in size  

or only s l ightly reduced . The growth o f  ' Masquerade ' in fected with  

ApMV was grossly reduced and s tunted with severe leaf distortion . 

These severe symp toms may in part account for the l imited occurrence 

of ApMV in roses as infected plants  showing these symp toms are no t 

l ikely to be used for propagat ive material . 

Although the symp toms on ' Masquerade ' were typical o f  those described 

and i llust rated for ApMV on rose ( 2 38 ,  2 5 3 )  transmission of typical 

symp toms to R. mul tifl ora did not occur unt i l  almos t  three years 

af ter budding . This  i s  contrary to the experience of  Thomas ( 2 5 3 )  

who reported that transmi ss ion o f  ApMV to R .  mul ti fl ora i n  the U . K .  

produced very severe chlorosis . 

Despit e  several attemp t s  ApMV was not successfully transmi tted to 

herbaceous hos t s  from rose samp le ' 72 ' . 

In order to check that the transmissions from roses in the di sease 

collect ion to herbaceous ho sts  were in fact PNRSV a select ion of  40 

dif ferent isolates in herbaceous hos t s  wa s made . The se isolates 

were selected from as wide a range o f  symptom expression as pos sible , 

both in the rose source plant s  and on herbaceous ho s t s .  These isolates 

in herbaceous ho s t s  were tested by ELISA for the presence of  PNRSV 

and ApMV . All tests  were pos itive for PNRSV and negative for ApMV . 

After five days incubat ion of  sub s t rate a ve ry s light colour change 

could be observed when cucumber  infected  with Fulton ' s  ApMV serotype 

from rose was tes ted wi th PNRSV gamma-globulin ( see Fig .  3 ) . 
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This  was surprising in view of  the reports of serotypes  intermediate 

between PNRSV and ApMV in rose ( 4 5 )  and in hop s ( 1 2 ) . However ,  

Koenig ( 1 6 9 )  found that the specificity of  ELISA was s o  great that 

with some viruses conj ugates prepared to one s t rain failed to detect 

o ther serologically closely related strains . With other viruses 

cro ss-reactivity was broader , but distant and even intermediate 

serological relationships between viruses were usually not detected . 

In the present study , although there were obvious strain differences 

in the reac tivi ty of  dif ferent isolates of  PNRSV , positive and 

negat ive tests  were qui te  distinctive us ing young t i s sue and 

extended incubation t ime s .  

Presumed dif ferences between st rains of  PNRSV were apparent in the 

relative rate of co lour development .  Some s trains produced an 

obvious react ion after 1 h incubation at 3 7° C .  Other st rains did 

not produce an apparent reac tion until  after fur ther storage overnight 

a t  4°C .  Further strains would show a reaction after cont inued 

incubat ion for several hours at room temperature . 

Storage thereafter for several days at room temperature would produce 

no further colour reactions of greater intensity than the healthy 

controls but those we lls which had shown a colour change would 

proceed to completion giving a strong contrast  between we lls containing 

infected material and those containing healthy material . At this 

s tage differences between strains were no longer apparent . 

The dif feren t rates of  reac tivi ty may have been due to varying 

concentrations of vi rus in the tissue samples tested rather than 

serotype diffe rences . Even i f  the e f fect  was due to differences in 

viral t i tre within the t issue it did appear to be s train related . 

Relative rates of  reac t ion be tween dif ferent isolates were simi lar 

in several tests  using young t i s sue . 
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Variation in t i ssue age and t i s sue source wi thin the one isolate 

also gave a simi lar variation in rate of reaction . This would be 

due to variat ion in viral concentration wi thin the p lant as described 

later . 

Some evidence of cro ss  reactivi ty between PNRSV infected material 

and ApMV gamma-globulin could j us t  be discerned but only after 

six days incubation at  room temperature . This sl ight reac tion was 

unl ikely to cause confusion as posit ive test s  for ApMV in young rose 

leave s  on the same plates showed a s t rong reaction after only 1 h 

incubation at  3 7°C .  
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ELISA p l at e ,  f i ve days a f t e r  a d d i n g  s ub s t r a t e ,  us ing 

PNRSV-RA (Ful t o n )  gamma- glob u l in f r a c t i on . Samp l es 

a r e  f r o m  c u c umb e r  l eaves o f  i s o l a t e s  f rom th e " d i s e a s e  

co l l e c t i on "  a n d  t e s t s  a r e  re p e a t e d  i n  f o u r  adj acent 

we l l s  - h o r i z o n t a l  rows . C on t ro l s  a r e  i n  c o lumns 9 ,  

1 0 ,  1 1 ,  12 . Row C ,  b u f f e r  b l ank ; r ow D ,  un inocul a t e d  

cucumb e r ; row E ,  c u c umb e r  i n f e c t e d  wi th PNRSV-G ( Fu l t on ) ; 

row F, c u cumb e r  i n f e c t e d  w i t h  Ful t on ' s  ApMV s e ro ty p e  

f r o m  ro s e .  O t h e r  pos i t i ve a n d  negat ive t e s t s  are c l e a r ly 

d i s t ingui shab l e . 
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F IGURE 4 .  ELISA p la t e ,  one day a f t e r  a d d i n g  s ub s t ra t e , us i n g  

ApMV-C ( Fu l t on )  g amma-g l o b u l i n  f ra c t i on . Fo r t y  s i x  

samp l e s  a re f r om y o un g  l e aves o f  r o s e s  1 4 5 1  t o  1 9 0 1  

i n  the " d i s e a s e  c o l l e c t i on "  and e a ch t e s t i s  

dup l i c a t e d  i n  two adj a c e n t  h o r i z on t al we l l s . Row F ,  

we l l s  7 an d 8 c o n t a i n  ros e 1 72 1 ApMV ; row D ,  we l l  2 ,  

con t ains ApMV ( Fu l t on 1 s  s e r o t y p e  f rom ros e )  in 

C .  quinoa ; and row E ,  we l l  2 con t ains PNRSV- G ( Fu l t on )  

i n  c u c umb e r .  O t h e r  c on t ro l s  a re row D ,  we l l  1 ,  

h e a l thy rose and row E ,  we l l  1 ,  b u f f e r  b ank . 
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FI GURE 5 .  ELISA plate , six  days afte r adding s ub s t rate , using 

the fol lowin g gamma-globulin di luted to  the i r  

re spective opt imum concen t rations : PNRSV- RA ( Fulton )  

columns 1 t o  4 ;  ApMV-C ( Ful ton) columns 5 to  8 ;  

a combination of  these two an tise ra with ArMV (Harrison) 

an t iserum in columns 9 to  1 2 . Each row of 12 we lls 

was loaded wi th th e same sample , as fol lows : 

row A ,  rose ' 2 1 '  infec ted wi th PNRSV ; row B ,  R .  mul t i fl ora 

grafted wi th rose ' 7 2 '  infe cted wi th ApMV ; row C ,  buffer 

con trol ; row D,  as in row B but diluted fourfold wi th 

hea l thy rose ; row E ,  old leave s of rose ' 7 2 '  in fec ted 

wi th ApMV ; row F, heal thy rose ; row G ,  PNRSV ( isolate ' 10 1 ' )  

in cucumbe r ;  row H ,  ApMV ( Fulton ' s  se rotype from rose)  

in C .  quinoa . 
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ELI SA indexing of  "High health mo ther plants" 

This  colle c t ion consisted of  groups of  four plants  of  each 

cult ivar . Each group ei ther or iginated from two to four bud s t i cks 

imported from the breeder of  the cult ivar or from one or two 

budst icks obtained from amateur and commercial sources known to be 

endeavouring to maintain plant s  free of known viruses . I t  seemed 

reasonable to as sume that i f  a cult ivar was infec ted , the virus 

would occur in all four plants .  However ,  in case this were not so , 

equal size samples were taken from each of  the four plants  of a 

cult ivar and combined for a single test . 

Ini tially,  to check whe ther one infected plant would still  give 

a po s i t ive reac t ion wi t h  ELISA, plates were tes ted using equal 

samples per plant of one infected rose combined wi th either three , 

six or nine heal thy rose s .  

With extended incubation time even one infec ted plant in 1 0  was 

easily detec ted by visual observa tion wi th the colour deve loping 

almost  to completion before there was any sign of co lour change 

in heal thy controls . 

Using separate plates for PNRSV and ApMV testing and bulking equal 

samples from each of the four bushes of a cultivar togethe r ,  2 7 4  

cul t ivars i n  the high health mother plant blocks were indexed . 

All cul tivars we re negative wi th respect  to ApMV but 1 4 cult ivar 

beds , or j ust  over 5 percent indexed posit ive for PNRSV . 

None of  the mother plan ts  of these 14  cul t ivars had , in the seven 

to eight years they had been under observat ion , shown any symp toms 

normally associated wi th PNRSV . During thi s period they had been 

used as a source of propagat ive ma terial for ordinary nursery 

production and no symp toms no rmally associated wi th PNRSV had been 

observed in their progeny . 
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However s ix of  the larger flowered cultivars , now found to contain 

PNRSV , were suspected to be not quite normal on account of a very 

s ligh t  lack of petal texture . As no material of these cultivars , 

whi ch was better in this respec t , had been located these mother 

beds were retained . This observat ion sugges ted that a s light  

loss o f  petal  texture may be associated with some s trains of  PNRSV . 

The individual p lant s  in each o f  the beds which had indexed 

posi t ive were then tested separately for PNRSV . 

In 11 cultivars all  four o f  the p lants in a bed were found to  be 

infected with PNRSV , indi cat ing that this material had been 

infected at source . Of  these 11 cul tivars only one had been 

imported direc t  from the rais er . The other ten had been obtained 

from enthus ias tic  amateurs who endeavoured to maintain elite  s t ock 

for compet i t ive showing . The other three cultivars were not one 

hundred percent infected . The variety ' Lulu ' was infected with 

PNRSV in only one plant and the variety ' Fresco ' was infected in 

two of the three p lant s , one p lant having died . I t  was s uspected 

that these two variet ies mus t  have been propagated on unders tock 

which was not of high heal th status , as two of the four p lants  o f  

' Lulu ' and one o f  the three p lants  o f  ' Fresco ' were also found 

to be infected with rose petal fleck.  The bed of  ' Baby Masquerade ' 

was the only one in this collection known to  have come from two 

sources , namely direct from the raiser budded on suspect unders tock , 

and cut t ings from a private importation . Half the p lants  in this 

bed were infec ted with PNRSV . 

I t  is  o f  interest that all  the mother p lant s  found to  be infected 

with PNRSV appear to  have ei ther been infected at source or 

infected by budding on unders tock not of  high health s tatus . 
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/Thi s  p rovides some evidence that PNRSV is  no t transmi t ted in roses  

from one plan t to anothe r by  either pol len or vec tors . This high 

heal th mother p lant collection , comprising over 1 000 plants , was growing 

I 
for t he first four years of  i t s  exis tence in close proximi ty to 

large numbers o f  roses known to have a high incidence of  symptoms 

assoaiated with PNRSV and would have been subj ected to  a heavy loading 

of po llen from infected bushes and possibly infec ted vectors . I f  

a signif icant percent age transmission had occurred , random infec tion , 

o therwise inexplicable , would be expec ted . 

At the conclusion o f  this inve st igat ion all  cult ivars in the mo ther 

p lant collect ion found to be infected , we re destroyed . 
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EL ISA indexing s imultaneous ly for a range of  viruses  

Using the methods already desc ribed for test ing simultaneously 

for several viruses , both the disease collection and the "High 

Health mother  blocks " were again indexed for s i x  dif ferent viruses . 

Prune dwarf virus , DPLPV and TSV gamma- globulins were comb ined in 

one plate and ArMV, SLRSV and TobRSV were comb ined in a second plate . 

Each rose samp le was loaded on to  both plates . 

Controls for this mult iple test ing cons i s ted o f  the usual buffer 

b lank , a seedling rose , which was apparen t ly healthy as it consis tently 

tested negative . The following virus sources were used as posit ive 

controls : 

PDV - infected plum ex PDD . 

DPLPV cherry aucuba mosaic ex PDD . 

TSV - Mas sey freeze dri ed collect ion no 1 0 1 3 . 

ArMV - cucumber infected from Massey free ze dried collect ion 

no 1 0 3 7 , an d also infected cucumber ex PDD . 

SLRSV - Massey free ze dried co llect ion . 

TobRSV - cucumber infe c ted from Massey freeze dried  collection , 

and also infected cucumber ex PDD . 

All the above virus controls gave pos i t ive reactions with the 

appropriate ant i s e ra .  Danish plum line pat tern virus reacted 

pos i t ive ly wi th PNRSV ant isera . 

Those samples , whi ch had already indexed pos i t ive for PNRSV, 

also reacted to varying degrees wi th the comb ined PDV , DPLPV , TSV 

plates . Tes t ing o f  these samples for the individual viruses showed 

in all cases a reaction for DPLPV but no reac t ion for e i ther PDV or 

TSV . Thi s  was not unexpected as DPLPV is  a s t rain o f  PNRSV . 

Al l tes t s  with the comb ined ArMV , SLRSV,  TobRSV plates were ne gat ive 

excep t the cult ivar ' Molly Mc Gredy ' in the "High Health mo ther 

b locks " .  Tes t ing o f  thi s  variety for the individual virus es showed 

a po s i t ive react i on for ArMV , but not for either S LRSV or TobRSV . 
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The four p lants  in the ' Molly McGredy ' mother b lock were individually 

indexed for ArMV, three were posi t ive and one was negat ive . 

The ' Molly McGredy ' mother p lant s  had originated as four p lant s  

selected from fi fteen p lants which had been p ropagated from several 

budst icks imported in November 1 9 7 1  from the raiser of the variety . 

The raiser had advised at  the t ime that they were o f  doub t ful virus 

s tatus as the only source from which budwood could be co llected was 

from st an dard p lants  b udded on R .  rugosa unders tock whi ch he had 

imported from Ho lland . 

Some of  this unders tock was suspected to  be infected with either 

ArMV or SLRSV . This was subsequent ly shown to be the case ( 15 7 ,  

26 7 ,  268) . 

These mother p lan ts  had consis tent ly remained symp tomle s s ,  although 

a few leaves showing the vein banding symptom we re subsequen t ly 

observed on some o f  the progeny from them. 

This agrees wi th ob servat i ons in the U . K .  that although SLRSV 

shows severe symptoms , ArMV infected p lant s  were frequent ly 

symptomles s  or showed symptoms o f  ' rose mosaic ' ( 15 7 ) . 

I t  woul d appear that ArMV was carried to  the U . K .  from Hol land on 

R .  rugosa standar d unders tocks and thence to New Zealand on this 

variety . There di d not howeve r appear to  b e  any further spread , 

other than to  the progeny from these plants , as ArMV was not detected 

on any o ther roses tested . 
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ELI SA Indexing of "old rose collection " 

One hundred and eighty e i ght old and species type roses in thi s 

collection were init ially indexed in group s o f  4 cult ivars , for 

the p resence of PNRSV , ApMV, TSV, PDV , DPLPV , ArMV , SLRSV and 

TobRSV . The tests  were all negat ive for these viruses excep t 

PNRSV and DPLPV . 

Fifteen group s o f  four roses showed a p o s i t ive reac tion for these 

s trains of  PNRSV . The individual plan ts  in each o f  these groups 

were then tested for the pre sence o f  PNRSV . Two o f  the group s 

had two infected plan t s  in each and the other thi rt een group s each 

contained one infected p lan t giving a total of  seventeen plants  

(app roximately 1 1 % )  infected wi th PNRSV . 

Considering the t ime that mo st  of  these varieties  have been in 

cul t ivation the inc idence of  PNRSV was surprisingly low. Thi s could 

be partly accounted for by the fac t that a number of varieties of 

this type of rose are frequen t ly propaga ted by cut t ings rather than 

budding and par t ly due to the propagation and bui ld up o f  these 

varie ties being less intensive during the period when PNRSV was 

becoming wide spread in more modern cultivars . 
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Non rose hos t s  and rose roo t s tocks 

In order to de tect  graft  transmis s ion of PNRSV from rose to peach 

' Go lden Queen ' seedlings youn g leave s o f  the peache s were te sted 

by ELISA for the presence of PNRSV . The re sul ts  were deci sively 

ei ther positive or negative with no doub t f ul intermediates . 

Tho se p eache s which t e s ted pos i t ive had all  been budded wi th PNRSV 

infected ro se . Those peaches which tested negat ive had e i ther been 

budded with rose free of  PNRSV or the ro se bud had died shortly 

after graf t ing to p each . 

Al though no further indexing of  the peache s ,  other than visual 

observa t ion , was carried out it would appear that the ELISA technique 

is  a useful indexing me thod for the de tect ion of  PNRSV in peach . 

Young leaves o f  the app le understocks whi ch had been budded with ro ses 

from the di sease collect ion were also indexed by ELI SA for the 

pre sence of ApMV . All t e s t s  we re negat ive except ApMV controls 

(rose  samp le ' 7 2 '  and Fulton ' s  ApMV isolate from ro se ( 99 )  in 

C .  quinoa ) . 

Thi s  re sult was no t surp ri sing as ApMV had not been detec ted in 

any of  the rose samp les budded to apple . 

In order to che ck that  ELI SA would de tect ApMV in apple , samples  

were included o f  app le s  from the Ma ssey University orchards showing 

typ ical ApMV symp toms . The se samples  we re strongly positive .  

In associat ion wi th work being carried out by Dr J . B .  Sweet , some 

cherry samples  we re also tested by ELI SA .  Young leave s o f  seedl ings 

from PNRSV infected tree s test ed e i ther posit ive or negat ive for 

PNRSV indi cat ing that some seed transmiss ion was occurrin g .  

Mo s t  of  the o l d  tree s of  cult ivar c lone s gave a posi tive t e s t  f o r  the 

presence of PNRSV when young leaves were used as a sample . It  was 

no ted howeve r ,  that older leave s gave a weaker test . 
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Subj ect  to the choice o f  suitable sample materia l the ELISA me thod 

appeared sui table for indexing for PNRSV in cherry . 

Te st ing by ELI SA was also carried out on a number o f  commercial rose 

unders tock c lones in current use by nurseri es . Most  of the se c lones 

were found to be infec ted , in at least som£ o f  the samp les taken , 

with PNRSV . 

Tho se clones which appeared f ree of  virus we re new clone s recent ly 

derived from seedling R .  mul ti flora� e xcept one clone whi ch had 

been in commercial use for many years ap peared free o f  virus . This 

c lone was subsequently found to be infec ted wi th the virus-l ike flower 

di sease .RPF . 

The f i f teen cul t ivar c lone s and the six roo t s tock c lones imported 

from the University o f  Cali fornia , USA , and originat ing from their  

founda t ion s tock of  heat treated and indexed roses  were also  tes ted 

by ELISA .  

Tes t s  were made for the presence o f  PNRSV, ApMV , TSV , PDV , DPLPV , 

ArMV , SLRSV and TobRSV . Tes t s  for all the above vi ruses were 

negat ive for all  clones . 
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Dist ribution o f  virus wi thin the rose plant 

Although decrease in ELI SA absorbance value s is not strictly linear 

in relation to dilution , the me thod is suf ficient ly quantitat ive 

to give a fair measure of re lat ive virus concentration in plant 

t i ssues having been used to determine the relative distribut ion 

of plum pox virus in the various parts o f  p lum f lowers ( 5 3 ) , and 

the presence of virus in seed of soybean ( 1 7 5 )  and pea ( 1 3 1A) . 

Detect ion o f  PNRSV in pollen o f  rose has also been reported (24 2 ) . 

Me thod 

As young unfolding leaves had been found to be more reliable for 

indexing than older leaves , it appeared that the concentrat ion o f  

virus wi thin the plant varied wi th age o f  tissue .  

In order to e s t imate how this concent ration vari ed , not only wi th 

age but also in various plant organs , two tes t s  were made wi th a 

range o f  plant parts  o f  various age s using the ELI SA te chnique . 

Bo th t ests  were made wi th ti s sue from sample ' 1 0 1 ' , a symp tomless 

' Diamond Jubilee ' rose . 

Tes t  1 The enzyme-subs trate reac tion was al lowed to cont inue for 

24h ( 1h at 3 7°C ,  overnight at 4°C fo l lowed by 6h at room temperature ) 

before measurement o f  absorbance .  

Te s t  2 The reac tion time was shortened to 1h at 37°C and overnight 
0 

at 4 C before measurement o f  absorbance . 

Al though the vege tat ive material used in the two tests  was similar 

in age and source the flower bud used in the first test wa s less  

advanced than that used in the second test . 
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In the firs t t est  the bud was s t i l l al�os t  comp letely enclosed 

in the sepals wi th petal co lour j us t  showing under one reflexing 

sepal . The partially developed innermos t  petals and the developing 

carpels reco rded a lower abso rbance than the other flower part s . 

However ,  in the second test  the flower bud had opened to the s t age 

where the outer who rl of  petals had unfurled and re f lexed . At this 

s tage there wa s l i t t le dif ference in absorbance be tween the petals , 

stamens and carpe ls . 

Resul t s  

Resul t s  are pr�sented in Tab le 1 .  

The vegetat ive ti ssue showed a trend to  increase in ab sorbance wi th 

increase in me tabolic act ivi ty . The old ma ture t i s sue of the previous 

season ' s  cane showed l i t t le d i f ference to the heal thy contro l s  

excep t ing i n  the me tabolically act ive cambium area . 

The recen t ly mat ure cane (Test  1 ,  1 / 1 1 / 80 ,  Te s t  2 ,  4/ 1 1 / 8 0 )  showed 

a similar trend but was less  pronounced . 

I t  wa s apparent in the young material tha t  e i ther an unfolding or 

j us t  unfo lded leaf blade was the mo s t  suitable t i s sue to use when 

indexing for the pre sence o f  virus by EL ISA .  

Al t hough the single t est  o f  a mature roo t was negative i t  canno t be 

inferred that the virus was not present in the root  system as young 

metabol ically act ive roo t s  we re not tes ted . 

Similar t est s  we re carried out on the di s t ribution of  ArMV in an 

infected plant o f  ' Molly McGredy ' but the se we re only visually 

assesse d .  

A simi lar pat tern o f  d i s t ribut ion was observed wi th no apparent 

reac tion from old mature t i s sue, a weak reac t ion wi th cambium ,  a strong 

rea c tion with younger t i s sue s and the st ronges t  react ions wi th j us t  

un folded leaves . 
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In order t o  tes t for the poss ib i l i ty o f  seed transmission o f  PNRSV in 

rose , seed was gathe red  from a range o f  rose b ushes known to be infected 

wi th PNRSV and expressing either rose mosaic or rose wilt type symptoms 

in varying degrees o f  severi ty . Seed was also co llected from in fected 

symp t omless bushes . 

Al l the seed co llected resulted from open pollination the re fore it  was 

no t known whether they had been fert i lised wi th either healthy or infected 

pol len . 

The emb ryos were care fully excised from ten seeds from each plant and 

all parent plant tissue was removed .  Indexing o f  ext racts of each group 

of ten emb ryos fo r PNRSV by ELISA was negative in al l tests . 

The re was no evidence in th is series o f  tes ts that a PNRSV infected 

seed-bearing parent t ransmitted  the virus to  i t ' s  seeds . 



SOURCE OF SAMPLE 

HEALTHY CONTROL - unfolding 

PREVIOUS SEASON ' S  CANE 

Thorns 
Bark - no cambium 
Wood - no cambium 
P i th 
Cambium - scraped o f f  
Cambi um - scraped o f f  

CURRENT SEASON ' S  MATURE CANE 

Thorns 
Bark - no cambium 
Wood - no cambium 
P i th 
Cambium - sc raped o ff 
Cambium - scraped o f f  

SOFT CANE - LEAVES STILL RED 

Thorns 
T . S .  stem 
Lea f s t ipule 
Leaf rachi s 
Leaf blade 
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leaf 

bark 
wood 

bark 
wood 

TIP OF YOUNG SHOOT JUST EMERGING 

Deve loping leaves 
1 . 0  mm t ip wi thout leave s 

FLOWER BUD 

Sepals 
Outer petals 
Innermo st  petal s 
Stamens 
Carpels 

T . S .  MATURE ROOT 

surface 
sur face 

surface 
surface 

TEST 1 
A0 4 05 nm 
average of  

4 wells  

0 . 1  

0 . 1 25 
0 . 14 
0 . 1 6  
0 .  105 
0 . 44 
0 . 54 

0 . 1 5 5  
0 . 365 
0 . 4  
0 . 1 25 
0 . 45 
0 . 56 

0 . 34 
0 . 535  
0 . 5 5 
0 . 55 
0 . 7 35 

0 .  72  
0 . 6 1  

0 . 49 
0 . 7  
0 . 2 65  
0 . 5 7 
0 . 185 

N . T .  

TEST 2 
A0 405 nm 
average o f  

3 we lls  

0 . 04 

0 . 04 
0 . 065 
0 . 04 
0 . 035 
0 . 2 3 
0 . 3 7 

0 . 07 
0 . 1 1 5 
0 . 1 5 
0 . 09 
0 . 1 7  
0 . 2  

0 . 2 1  
0 . 4 1  
0 . 4 
0 . 4  
0 . 58 

0 . 5 1  
0 . 5 3  

0 . 25 
0 . 4 7  
0 . 4 7 
0 . 4 2 
0 . 4 3 

0 . 0 1 

TABLE 1 Resu l t s  of  two tests  using ELISA to determine the inc idence 
and relat ive concen tration o f  prunus ne crotic  ringspot vi rus in 
various rose t issues . 
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CHAPTER 5 

Rose flowers may show ei ther one or both of two s imilar , but distinguishable , 

graft t ransmi ssible groups of  symp toms . These appear to be two separate 

diseases o f  dif ferent et iological cause . One of these was described by 

Hunter ( 1 5 3 ,  1 5 4 )  as rose co lour break (RCB) in ' Queen Eli zabe th ' .  In 

his papers he makes ment ion of a "somewhat similar" condit ion in the rose 

cul t ivar ' Sup er Star ' but does no t distinguish this from RCB . In New 

Zealand the variety ' Super Star ' very commonly shows symp toms of  the 

di sease which has come to be known in New Zealand as rose petal fleck 

(RPF) and there is  no known record of  the occurrence of  RCB as described 

in ' Queen Elizabe th '  occurring in ' Super Star ' . 

I t  would seem probable tha t the symp toms observed by Hunter in ' Super 

Star ' were in fac t RPF rather than RCB . Thi s would be supported by an 

article in the "N . Z .  Gardener" the fo llowing year by Fry ( 8 8 )  a eo-worker 

of Hunter ' s .  

Fry ( 8 8 )  states "Each of  the above symp tom types ( ' Queen Elizabeth '  and 

' Super Star ' ) is perpe tuated by buds taken from infected p lant s  and each 

remains t rue to type when transmi t ted to previously healthy plants .  This  

sugges t s  that each i s  caused by  a dis tinct virus entity  . . .  " 

A ' virus-like ' condition in rose flowers in the U . K . was ment ioned in an 

i l lus trated talk given by Dr R . R .  Frost  and reported in "The Gardeners 

Chroni c le & HTJ " ( 8 7 ) . A subsequent note in "Plant Patho logy" by Farrar 

& Frost  ( 7 9 )  makes it quite c lear both from the descrip tion and from the 

i l lustrations that thi s disorder is of  the rose petal fleck type and no t 

the flower colour-break ori ginally described by Hun ter ( 15 3 )  from ' Queen 

Elizabe th ' .  Unfortuna tely thi s  same outbreak was brie fly mentioned in a 

paper on virus diseases o f  roses in the U . K .  ( 1 5 7 )  under the heading 

" Rose flower-break" . 

I t  ha s been confirmed by Sweet (pers . comm) from his exper ience o f  the 

di sorders in both the U . K .  and New Zealand that what he has seen in the 

U . K .  was of the pe tal fleck type rather than the colour break described 

by Hunter . 
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The use o f  the term "colour break" b y  Hunter is  perhaps un fortunate a s  

the symptoms are not o f  the type classically assoc iated wi th flower 

colour breaking in other flowe ring plant s .  The symp toms are more 

charac teri s t i c  of the greening or virescence symp toms typical o f  diseases 

which are increasingly becoming associated wi th mycoplasma-like organi sms 

( 2 5 ) . 

On the o ther hand the symp toms o f  the disease known as RPF are c loser to 

those classically termed " colour break" being a typical "dark breaking" 

of colour giving small dark st reaks or elongated f lecks (25 ) . Similarly 

this type of symp tom in ot her unre lated plant species is  generally not 

apparent in yel low or white flowered variet ies . 

De sp ite these apparent anomalies in the use o f  the term "ro se colour 

break" for the disease described by Hunte r ,  hi s descrip t ion o f  the 

disease has priori ty of publ icat ion and should be retained meant im� at  

least until  more is  known o f  the causal agent . 

Rosa chinensis Jacq . var vi ri di fl ora Dipp . , the so-called green rose , 

has been associated wi th mycoplasma-like bod ies and a virescence 

induced in pe tunia , Pet unia hybrida Vilm . with the aid of dodder ,  

Cuscu ta campestri s Yunck ( 2 1 7 ,  2 1 8 ) . 

Al though this condi tio� is  qui te distinc t from RCB , the associat ion of 

mycoplasma wi th greening in rose is o f  in terest . 

Me thod 

Double budding a test  bud and an indicator bud onto a healthy unde rstock 

is  to date the only satisfactory me thod o f  testing for the presence of 

RPF and RCB . 

Rosa mul ti fl ora ' I SU 60 ' cutt ings we re prepared and grown as previously 

desc ribed ( Indexing on R.  mul ti fl ora ' I SU 60 ' ) .  A bud o f  the plan t to be 

tested and a bud of  a healthy indicator cult ivar were T-bud graf ted onto 

the clean stem below the stock top wi th the indicator bud above the test  bud . 
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When the grafts  had taken the stock tops were exc ised immediately above 
uf-Ur-the � bud . Where ne cessary growth from the test  bud was reduced to 

force growth from the indicator bud . Flowers o f  the indicator were 

examined for transmi ssion of symp toms . 

During this curren t invest igation the cul tiva r ' Anabe ll ' was used for 

mos t  o f  the indexing for RPF as this va rie ty also rel iably indicated the 

presence of  RCB and when both diseases were transmi tted to one plan t both 

symp tom types could be reliably dist inguished superimposed in the one 

flower . 

The cult ivars ' Super Star ' and ' Fragrant Cloud ' were also used on 

occas ions when testing for RPF only . B"ecause no at temp t \va s ma de to transmi t 

RCB to the se varieties  i t  is  not known whether they wou l d  also 

serve as indicators for both diseases . 

The cult ivar ' Bridal Pink ' was used ocaasionally when indexing for RCB 
• 

only as RPF is  bare ly distinguishable in this varie ty . 

The expre ssion o f  symp toms in all RCB indicators used was variable . 

In some indexings the who le flower o f  the indicator was severely a f fected 

whereas in othe rs the symp toms were confined to the veins of  the outer 

petal s . 

Transmi ss ion o f  RCB to P .  hybri da with the aid of  dodder was attemp ted 

using Cuscuta epi thymum Murray . Five p lants  of the rose ' An abe l l ' were 

grown in pots  placed adj acent to pot s containing plants  of pe tunia 

' Ro sy Morn ' grown from seed . Dodder was grown so as to parasitize both 

the pe tunia and the rose . Seedling petunias from the same batch were 

grown as controls . 

Because o f  apparent variat ion in the flowe r colour of  the seedling petunia 

controls , cutt ings we re rooted from a single self  coloured pink petunia . 

The experiment wa s repeated using petunia plant s from this clone . 
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Re sul t s  

Frequent indexing by double budding wi th a wide range of  infec ted 

cultivars and heal thy suscep tible varie t ies has shown that  there are two 

d i s t inct diseases involved as each di sease remains true to type when 

transmitted . 

It  appears that there is  no close relat ionship be tween the two causal 

agent s  as there is no evidence of cross  pro tection , and when plants  are 

infected by budding wi th bo th diseases the two symptom types can be 

discerned ,  superimposed in the same flowers . 

Ro se co lour break 

Flowers af fected by RCB may be gro ssly ma lforme d .  The flowers fai l  t o  

open no rmally and the outer pe tals become more or l e s s  green , very 

dis torted wi th the appearance of a crisp let tuce-like leaf , wi th more or 

less crimped outer ma rgins , and may appear either fleshy or leathery 

depending on the variety a f fected . Clear pink varieties such as ' Queen 

Eli zabe th ' and ' Bridal Pink ' may develop paler areas on the petals and 

the outer green tinged petals may develop deep rose-co loured blotches 

on the reverse . Deep salmon varieties such as ' Anabell '  deve lop a 

darkening and greening o f  the outer petals . The main ve ins o f  the 

petals appear prominent and darker in colour when viewed from the outer 

surface of  the pe tal . ( See Fi g .  6 ) . 

The variety ' Whisky ' generally becomes much deeper in colour wi th red

orange blot ching associated with distortion of  the outer petals resul t ing 

in a crinkled or crump led appearance wi th fleshy or leathery texture . 

In all varieties on which symp toms have been observed , the severity o f  

symp toms tend to vary from plan t to plant rather than from flower to 

flower on the same plant . 

The outer petals , o f  an af fected flower , show more severe symp toms than 

the inner petals . In a severely affec ted flowe r the outer petals are 

reduced to hal f their normal s i ze and may be completely green wi th darker 

green ve ining . The inner petals are gene rally more or le ss  normal in 
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FIGURE 6 .  Two flowers of  the rose cultivar ' Bridal Pink ' 

both showing seve re symp t oms of rose co lour 

break . Normal flowers of  ' Bridal Pink ' are 

smoo th-petalled and colour a c lear rose-pink . 
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colour , but t he main veins ap pear prominent on the reverse of  the 

petals and darker in colour t han normal . 

On mildly affected plants the flowers only show the prominent main veins 

of darker colour on t he outer surface of the outer petals and the 

inner petals appear normal . 

In the field , affec ted plant s  in a crop may be recogni zed at  a distance 

by a tendency of the petals of spent flowe rs to become red and papery 

and to remain on the plant for a much longer period than is normal for 

healthy f lowers of t hat va rie ty . 

Thi s  symp tom alone is  no t necessarily diagno s t ic of  the disease as some 

cultivars normally retain old petals on spent fl owers . 

A greening or virescence of  the outer pe tals on healthy plant s  o f  some 

cultivars may also occur late in the season and appears to  be a normal 

reac t ion to the onset o f  winter and co lder condit ions . 

The symp toms o f  RCB are sugge s t ive o f  a disease caused by mycoplasma

type organisms . 

Virescence was not induced in petunia by attemp ted t ransmission o f  RCB 

from rose wi th the aid of dodder , c. epi thymum . 

Ro se Pe tal Fleck 

The symp toms of  rose petal fleck (RPF) vary in colour intensi ty depending 

upon the variety affected . Symp toms are generally mos t  obvious in 

variet ies in the orange-red to  scarlet co lour range , less obvious in pink ,  

salmon , crimson red and dark red varie t i es and almo s t  indiscernab le in 

those varie ties coloured yel low, apricot or whi te . ( See Fi g .  7 ) . 

In orange-red or scarlet varie ties  rose pe tal f leck shows scattered groups 

o f  flecks of  darker co lour part icularly towards the margins and on the 

inner surface o f  the petals . Al though the flecks are elongated in a 

dire c tion paralle l to  the veining pat tern they are no t confined to  the 

ve ins nor do they fo llow or affect  the larger veins of  the petal . 
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FIGURE 7 .  Two fully open f lowers o f  the rose cultivar 

' Fragrant Cloud ' . The flower on the left  is  

from a healthy indicator bud o f  ' Fragrant 

Cloud ' doub le budded wi th a healthy test  bud . 

The flower on the r i ght shows symp t oms o f  

ro se petal fleck induced in a healthy indicator 

b ud by doub le b udding wi th an infected test b ud . 
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Adj acent flecks are usually linked laterally giving a complex "chinese 

character" e f fect  to the f lecked areas . Expansion growth of  the 

deve loping petal appears to be retarded in the flecked areas causing some 

deformat ion o f  the petal with resul tant loss of smooth surface texture . 

Af fected petals tend to become slightly rugose or crinkled with a 

"crepe paper" type texture . 

Yellow, apricot  and whi te varieties tend to only show this change in 

texture without any obvious colour change . Infec t ion o f  varieties in 

this colour range may be indiscernable excep t when healthy blooms o f  

the same variety are available for comparison . Variet ies i n  this colour 

range may act as virtually symp tomless carriers . Indexing for the presence 

of this disease can be done by budding the plant to  be tested with a 

heal thy bud o f  a variety which shows symptoms when infected e . g . ' Super 

Star ' , ' Fragrant Cloud ' , ' Orangeade ' ,  ' Hartina ' , ' Anabell '  and others . 
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Table 2 :  Analys i s  o f  dif ference be tween rose colour break (RCB ) 
and rose petal f leck (RPF) 

RCB 

Vire scence of outer petals 

Increased pigmentation and prominence 
of main ve ins 

Vein symp toms more prominent 
on reverse o f  petals 

Darker veins appear swollen 
and f le shy 

Generally observed occurring 
on p ink varieties  

RPF 

No vi re scence 

Flecks o f  darker pigmentat ion 
towards edges o f  petal s .  
No t associa ted with main 
ve ins 

Charac teristic flecking 
symp toms more apparent 
on inner surface of petals 

Flecked areas appear 
shrunken 

Mo st  obvious on orange
red and scarle t varieties 

Because no c lear di s t inction between the two diseases has been made 

in the l iterature there has tended to be confus ion bo th overseas  and 

in New Zealand as to which o f  the two di sorders is presen t .  

In New Zealand the occurrence o f  RCB is  relatively rare . The symp toms 

have only been observed oc curring ' naturally ' on a few p lant s  in 

nurseries , cut f lower c rop s ,  public and private  gardens in a few 

varieties such as ' Queen Elizabeth ' ,  ' Bridal Pink ' , ' Vol  de Nui t ' ,  

' Whi sky ' and ' Anabell ' .  This would infer that the causal agent has not 

become widespread in nurserymen ' s  understocks . Also , because the symptoms 

on the f lowers  are re latively obvious , af fected p lants  are unl ikely to 

be used as a source of  budwood for gra f t ing . 

On the o ther hand , the occurrence o f  ro se petal f leck in New Zealand is  

widesp read . Some ten to fifteen years ago many , i f  no t mos t ,  rose 

nurseries were using unders tock wi th  a high percentage infection of RPF .  
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The disease was so widespread that the presence of  flecking was 

considered normal for many of  the varieties in commerce at  that t ime . 

I t  was not unti l  clean budwood of  such varieties was worked on healthy 

understocks and the normal appearance of the varieties became available 

for comparison that the extent of the disfigurement became appreciated . 

Despit e  the widespread occurrence o f  RPF there does no t seem to be any 

evidence of vec tor involvement in i t s  spread . One infected p lant o f  the 

variety ' Ro senel f '  was observed in a large bed of  that variety in a public  

garden . I t s  position was noted and the bed was observed from t ime to 

t ime over a period of eight years . At the end of that period i t  was still  

t he  only plant showing symp toms . Similar observations over a four year 

period on a bed of ' Anabell ' did no t show any spread of symptoms from 

the originally infec ted plants to adj acent apparen tly heal thy plant s . 

In this ins tance the bed contained some plant s  showing symp toms o f  RCB 

as wel l  as other plant s  showing symptoms of RPF . There was no apparent 

spread of either disease . 

Because RPF had become so widespread and accep ted as normal by the rose

growing public affec ted plan t s  in gardens have tended to be retained 

as long as they continue to produce a reasonable crop of flowers . 

Al though plant s  free of  RPF have been widely availab le for a number of  

years these have mos t ly gone for  new plantings rather than for  replacement 

of older infected bushes . 

That the incidence of  RPF was un t i l  recently very high in private gardens 

was indicated by inspection of the blooms entered compe t i t ively by home 

gardeners at local rose shows . Of 1 4  shows inspected during November 1 97 9  

all showed a t  least  some symp toms o f  RPF on a third t o  a half of  the 

total number of  blooms on disp lay . No doub t  a number of  those which 

appeared symptomless would in fac t have also been infected with RPF . 

In November 1 9 7 7 ,  twelve of  the blooms rece iving the hi ghes t  awards at  the 

N . Z .  Na tional Rose Show were taken with the permi s sion of  the owners 

and indexed by double budding using a healthy indicator . Although no 

RPF symp toms could be dis cerned on any o f  the ori ginal blooms five of  
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the twelve produced RPF symptoms in the indicator f lowers . 

By November 1 982 , probably due to increased awarenes s  of  the problem 

by rose nurserymen and rosarians , the observable incidence of RPF at the 

N . Z .  Nat ional Rose Show was less than 1%  of the b looms on display . 

No doubt again there would have been a number o f  infected b looms on which 

symp toms were no t apparent . 



-99-

Origin o f  rose petal fleck 

The first  observation of the disease now known as RPF was the appearance 

of abnormal flecking on some plants  of the variety ' Rosenel f '  about 1 96 0  

( Salinger , pers . comm) . Shortly a fterwards a simi lar condi tion was noted 

in a range of  varieties but parti cularly those with orange or scarlet 

f lowers such as ' Super Star ' , ' Fragrant Cloud ' , and ' Orangeade ' .  The 

symp tom appeared to be more pronounced in spring and autumn and initia lly 

i t  was thought to be a seasonal climat i c  e f fect . 

In 1 9 7 0  a commercial importation o f  45 new varieties o f  ro se was made 

by the author from rose breeders in the U . K . , Germany and Denmark . The 

maj ority of the buds o f  each variety we re budded onto a commercial 

nursery unders tock and a few of each were budded onto cuttings taken 

from R .  mul tifl ora seedlings . 

When the resultant plan t s  flowered , i t  became immediately apparent that 

some of the varieties were almo st  1 00% infected wi th RPF on the 

commercial understock but showed no sign o f  the di sease on the understock 

from seedl ings . 

I t  wa s apparent that  the disease was being transmit ted from infec ted 

commercial understock but the maj ority o f  the varieties were not showing 

any dis tinct symp toms other than a slight loss  of petal texture in some 

cult ivars . 

In order to test  thi s hypothesis  the apparently symp tomless variet ies 

budded on commercial understock were indexed by double budding using 

cut t ings from seedlings as unders tock and heal thy buds of the cult ivar 

' Hart ina ' which had exp ressed symp toms of RPF when budded on the 

commercial understock , as an indicato r .  

The symp tomless  varieties were indexed bo th from plant s  on commercial 

understock and from plant s  on cut t ings from seedlings . 

The ' Hartina ' indicator showed no symp toms from any o f  the p lant s  on 

cut t ings from seedlings but 95% of those indexed from symp tomless p lant s  
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on commercial unders t o ck produced charac teri stic  RPF symp toms on the 

' Hartina ' indicator (Gardner unpubl . result s ) . 

Budding o f  healthy indicator varieties direct onto the commerc ial 

understock resulted in almost  1 00% transmission of RPF .  

This  high level o f  infect ion in the commercial understock was probably 

due to the s tandard pra c t ice in ro se nurseries at that time of taking 

unders tock cut tings from the top s of budded p lant s and collecting 

budwood from p lant s  of the previous season ' s  production . 

In subsequent years i t  was observed that RPF was widesp read through 

New Zealand rose nurseries and that the main foci of distribut ion appeared 

to have been from nurseries that  ei ther grew or had grown "old and 

spe cies"  type roses as part of the ir produc tion . This ob servat ion was 

o f  part icular intere st  as  many of the so-called "old"  roses have either 

flecked petals and/or relat ively thin petal texture . Thi s is  cons idered 

no rmal for those varieties by those who are knowledgeable  about this 

type o f  ro se . 

As far as could be ascer tained , all  p lan ts  of  an "old"  variety which 

showed this flecking were similar in this respect . 

It  wa s pos tulated that rather than being normal for these "old" varieties 

to be flecked , i t  could be that all  the plants were infected with  RPF 

and that these "old" varieties could have been the source from which 

RPF was dis seminated through unders tock cut tings t o  infect  modern 

variet ie s . 

In order to test  thi s hypothesis  a range o f  "old" varieties showing 

thi s flecking characteristic and a number  with what seemed abnormally 

thin petal texture were indexed by double budding wi th healthy ' Super S tar ' 

on healthy root s tocks . 

Al l indexings proved positive for RPF . 

Al though i t  is  imposs ible to p rove in re t rospect what may have occurred 

in the 1 95 0 ' s ,  or be fore , it would seem likely that these "old" roses 

were the source of RPF in New Zea land . 
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This would not necessarily have occurred in other countrie s where i t  i s  

common prac t ice t o  bud roses onto  seedling understocks rather than 

cuttings . 
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CHAPTER 6 

CONCLUSIONS 

I t  is apparent that the old nurs ery pract ice of making rose unders tock 

cut t ings from the tops of  budded plants has been the maj or factor in 

disseminat ing virus and virus-like diseases of  roses in New Zealand . 

Init ially , when rose gardens and nurseries were being surveyed for 

mat erial for the ' disease collec t ion ' , the problem was not one o f  

finding apparen t ly infected material b ut rather one o f  deciding what 

mat er ial to use . 

In the f ive years s ince this inves t igation was initiated there has been 

an obvious reduct ion in the percentage of  apparent ly infected p lant s  in 

nurseries and gardens . 

This has no doubt occurred as a result of  an increas ed awareness o f  the 

problem ,  by rose nurserymen and rose  growers . 

The occurrence o f  symptomles s  carriers o f  at  leas t some o f  the virus and 

virus-like diseases is l ikely to continue to be a problem in the future , 

Such symptomless carriers may either develop symp toms themselves or 

infect , by undesirable propagation prac tices , cultivars which express 

symptoms . 

The use o f  ELI SA to directly index for the presence o f  viruses in roses 

has been a very use ful tool not only for rapid  surveying of rose 

populations to  detect infected plants but also to  determine the relative 

reliab i l i ty of other means of indexing . 

The t echniques of  extended incubat ion t ime , bulking up o f  test  samples 

and s imult aneous tes t ing for several viruses , developed during the 

course of this inve s t igat ion , have enabled a large number of  p lant s  to 

be rapidly and reliab ly indexed . 

In all cases where infection o f  PNRSV was detected by ELI SA , i t  could 

be confirmed by o ther indexing methods . However ,  none of  the o ther 

indexing me thods used would have unequivocally detected PNRSV in all 

cases without either rep e t i t ive testing or lengthy observat ion . 
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Although this investigat ion did no t make any pro gress  beyond previous 

speculation ( 3 1 , 1 1 1 ) as to the e t io logy of  rose prol ifera t ion i t  

has, by associat ing viral rose wil t  type symp toms i n  mature p lant s  with 

a s t rain o f  PNRSV , separated this complex ( 8 9 )  into two di s t inc t 

disorders of  different e t iology . 

Thi s  was largely made possible by the use o f  ELI SA as a number of  i solates 

o f  PNRSV from plan ts  wi th rose wi lt  symp toms were dif ficult to detect 

by bud graf ting and mechanical t ransmi s s ion . 

The extens ive occurrence of  PNRSV in all areas where ro ses are grown 

would indicate that the build-up of this disease in ro ses in New Zealand 

has occurred over a lengthy period . 

The isolated occurrence of ApMV in one plan t  of ' Masquerade ' and 

ArMV in the variety ' Mo lly McGredy ' would indicate that these two 

diseases have not become establ i shed in commercial unde rstock c lones . 

The small sec tion of this inve s t i gation on the properties of  PNRSV 

part icles indi cates that thi s virus appears to conform wi th  other members 

of the i larvirus group . The MW of the largest  RNA species ob tained 

by the methods used is  higher than that obtained by other workers for 

o ther members of the group ( 5 8 ,  1 2 0 ) . Thi s  may be due to  the method 

used for prepar ing the RNA ' s or that the s train of PNRSV associated 

wi th rose wilt  symp toms di ffers in this respect . 

The differentiat ion of  RPF from RCB has not been adequately described 

in the lit erature . The causal agents  of  these two virus-like diseases 

o f  roses were not de tec ted and the only means of indexing fo r these 

diseases is  by double budding wi th cult ivars producing obvious 

flower symptoms . 

The fact that RPF is  frequently symptomless  in many cultivars poses a 

po tentia l  threat to i t s  continued spread i f  undesirable propaga t ion 

me thods are used . Simi larly the propagat ion o f  these "old" rose 

variet ies which are to tally infected wi th RPF may serve as a fresh source 

o f  inoculum to infect modern roses . 
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Inoculum from s uch "old" ro ses is  probably the original source o f  the 

current high level of  infection in New Zealand roses . 

Infec t ion with RPF has apparently been bui lding up in roses and rose 

understock in New Zealand for at least 20 to  30  years . 

The disease RCB is  of much le s s  common oc currence and appears unlikely 

at this stage to become ep idemic .  

Increased awarene ss  o f  virus and virus-like di seases of roses in 

New Zealand , the availability of  high health propagat ive material of 

both unders tocks and cul t ivars and the adop tion o f  the mo ther block system 

by the nursery industry for produc tion of  propagat ive material , will  in 

the future , reduce the incidence of  these diseases . 
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APPENDIX I - SUMMARY OF SAMPLE SOURCE ,  SYMPTOMS AND INDEXING OF ROSE DISEASE COLLECTION 

c 
0 

"' '"' ... 
u ., 
01 .0  '""' E ..... " 
0 c u 

2 

1 

4 

5 

6 

B 

9 

10 

1 1  

12 

13 

1 4  

15 

16 

1 7  

1 B  

1 9  

20 

2 1  

2 2  

2 3  

24 

II 

Cu l t ivar 

Fragrant Cloud 

Dimples 

Ho l l y  HcGredy 

Holly McGredy 

Wes te rn  Sun 

Wes t e rn  Sun 

Hart ina 

Hart ina 

News 

News 

J<ronenbourg 

Wes tern Sun 

Nat ional Trust 

Show Time 

Fragrant Hour 

Whisky 

Whisky 

Whisky 

Wh isky 

Honey Favourite 

Honey Favourite 

Honey Favourite 

Honey Favourite 

J<im 

Ill IV 

Source 
Original plant 

N. Levin CB 

N. Levin CB 

N .  Levin A1 

N. Levin AI 

N. Levin AI 

N. Levin A I  

N .  Levin Bl 

N. Levin Bl 

N. Levin Bl C6 C9 

N. Levin Bl C6 C9 

N. Levin 

N. Levin AI 

N .  Levin CS 

A. Palm North A3 

N. Levin A7 

N. Levin 52 

N. Levin B2 

N .  Levin C 1 8  

N .  Levin 82 

P .  Palm North A5 

P. Palm North A3 

·p .  Palm North A3 

P. Palm North A3 

P. Palm North C6 

V 

Symptoms on 

Progeny 

AI 

A I  

A5 

B l  

B l  

B l  C6 C9 

B l  C6 C9 

A3 A5 

A3 

A7- IO 

B2 

B2 

C l B  

B2 

A5 

A3 A5 

A3 A5 

A3 A5 

V I  

R .  mul t i flcra 

A5 B l  

AS B l  

A4 B l  

A3 B l  

B l  

B l  

B l  

B l  

B l  

A3 A5 B 1  

B l  

A3 

A7 A10 

Bl B2 

8 1  82 

81 

8 1  82 

A5 

A3 A5 

A5 

A3 A5 

V I I  V I I I  

Indexing on 

' Shiro fugen' 

G 1/s N "fs S .A .  

G0/s N % s . A .  

G5/s N 'fs S . D .  

c'/s N"!s S . D.  

c'/s N"/s S . D .  

G 1/5 N'fs S . D .  

G"/s N"fs S . A .  

G 1/s N 17s S . A .  

G "/s N"fs S . A .  

G"/s N"fs S . A .  

c 'fs N"fs S . A .  

G2/s N'fs S . A .  

G 1/5 N 1ls S • A .  

c "ls N 'ls s . D .  

c 'fs  N'fs S . D .  

G '/s N"fs S . A .  

G 'fs N"fs S . A .  

G '/s  N"fs S . A .  

c"fs N "fs S . A .  

G% N 'fs S . D .  

G"/s N 'fs S . D .  

G3/s N 'fs S . D .  

G"/s N 5/s S . D .  

Go/. N"fs S . A .  

cucumb e r  

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

I X  

C .  quinoa 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

EL ISA 
test for 
PNRSV 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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2 
.., .. 
u ., 
., ..,  

-< E ..... " 
0 c 

u 

25 

26 

27 

2B 

29 

30 

3 1  

32 

33 

34 

35 

36 

37 

3B 

39 

40 

4 1  

42 

43 

44 

45 

46 

4 7  

4 B  

I 1  

Cul ti va r 

Tapestry 

Kim 

Ole 

Seven Seas 

Ginger Ro ge rs 

Apricot Nectar 

Silver Lining 

Tony Jacklin 

Unnamed budded 

Orange Sensation 

Trio 

Silver Lining 

Unnamed budded 

Tony Jacklin 

Fragrant Cloud 

Fragrant Cloud 

Hartina 

Hartina 

Ana bell 

News 

Peter Frankenfeldt 

Katangi 

Old Master 

Old Haster 

I l l  

Source 

P. Palm North 

P. Palm North 

P. Palm North 

P. Palm North 

P. Palm North 

P. Palm North 

P. Palm North 

P. Palm North 

P. Palm North 

P. Palm North 

P. Palm North 

P. Palm North 

P .  Palm North 

P. Palm North 

N. Levin 

N. Levin 

N. Levin 

N. Levin 

N. Levin 

N. Levin 

N. Levin 

N. Levin 

N. Levin 

N. Levin 

IV 

Original plant 

A7 - 10 

C6 

B 1  

C6 CB 

A6 

A3 

A 1  

Spray Burn 

A7 - 10  

CB 

Cll 

A4 A5 

A3 

Spray burn 

C1B 

C 16 

V 

Symptoms on 

Progeny 

A7 - 10 

B1 

A3 A6 A7 - 10 

A3 

A2 A3 

A7 A9 

Cll 

A4 A5 

A3 

A7 - 10 

VI 

R .  mul tifl or.;o 

A7 AB 

B1  

A2  A6 

A3 

A2 B1  

A6  A7 

A4 A5 B1 

A3 

A7 AB 

A7 - 10 

V I I  VII I  

Indexing on 

' Shirofugen ' 

G"/s N% S . D.  

G% N"/s S . A.  

G 1/s N"f. S . A.  

G'fs N"/s S . A .  

G"/s N"/s S . A .  

G'fs N"/s S . A . 

G"/s N"fs S . D.  

G% N"/s S . A .  

G2/s N"fs S . A. 

G"/s N"/s S . A .  

G"fs N5/s S .A .  

c% N"!s s . D. 

G'/s N"fs S .  D .  

G% N% S .A .  

G"/s N"/s S .A .  

G% N"fs S . A .  

G"/s N 1/s S .A .  

c"!. N "/.  s . D. 

G"/s N"fs S .D .  

G '/s  N"fs S .A .  

C1/s N"fs S .A.  

c'/s N1/s S . A .  

d'ls tf!s S . A .  

c %  N %  S .A.  

cucumber 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

I X  

C .  quinoa 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

EL ISA 
test for 
PNRSV 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 



APPENDIX 1 - SUMMARY OF SAMPLE SOURCE, SYMPTOMS AND INDEXING OF ROSE DISEASE COLLECTION 

c 
0 .... "' ... 
u .. 
01 .0  

,.... E ..... " 
0 c 
u 

49 

50 

5 1  

5 2  

5 3  

54 

55 

56 

57 

58 

59 

60 

61  

62 

63 

64 

65 

66 

67 

68 

69 

70 

7l 

72 

l l  

Cult ivar 

Old Master 

First Love 

Dulce Vi ta 

Clg.  Bettina 

Pharon 

Royal Highness 

Zambra 

Apricot Silk 

Sancho 

Westerland 

Golden Fleece 

Peep-o-day 

Double Delight 

Tahiti  

Blue Moon 

Louksor 

Louksor 

Ama 

Mischief 

Scarlet Queen 
Elizabeth 

Queen Elizabeth 

Couvoisier 

Rondelay 

Masquerade (ApMV) 

I l l  

Source 

N. Levin 

A. Hawera 

A. Palm North 

A. Blenheim 

A. Blenheim 

A. Blenheim 

A. Blenheim 

A. Blenheim 

N. New Plymouth 

N. Hastings 

N. Hastings 

N. Hastings 

N. Hastings 

P. Napier 

P. Napier 

P. Napier 

P. Napier 

P. Napier 

P. Napier 

P. Napier 

P. Napier 

P. Napier 

P .  Napier 

P .  Taihape 

IV V 

Symptoms on 

Original plant Progeny 

A3 

A3 

A6 (A3) A7 

A6 A6 A7 - 10 

A5 A3 A5 

A7 - 10 

Spider mi te 

A5 A5 

Cl4 

Spray spotting 

Spray spot t ing 

C9 (varietal) 

Sprsy spotting 

A3 A5 

A7 AlO A6 A7 

C7 C7 

A7 - 10 A7 - 10  

C18  C18  

A6  - 10  

A6 A6 A7 

A6 A7 - 10  

A4 A4 

V I  

R .  mul tifl ora 

A3 

A3 

A7 

A7 B l  

A5 

A6 

A5 

A3 

A6 

A 7  AlO 

A6 - 8 AIO 

A7 

A6 A7 

A4 

V I I  VIII  

Indexing on 

' Shirofugen ' 

G3/s N"fs S .A .  

Go/s N�s S .A .  

G% N% S . D .  

G 3/5 N %  S . D. 

G3/5 N'fs S . A. 

G'fs N% S . A .  

G3/s N"/s S . A .  

G 1/5 No/s S . A. 

Go/s No/s S . A .  

G3/s N"/s S . D .  

G1/s No/s S . A .  

G"/s N "/s  S . A. 

G1/5 N"/s S .A .  

G"/s N"/s S . A .  

G"/5 No/s S . A .  

G'fs N'fs S . A .  

G3/s N'/s S . A .  

Go/s N "fs  S .A .  

G% N '/s S . D. 

G"/5 N'/s S .A .  

G'/s N2/s S .D .  

G 1/s N %  S . D.  

G'/s N"fs S .D .  

G Ys N 1/s S .A .  

cucumber 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

IX 

C. quinod 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

EL ISA 
test for 
PNRSV 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

(+" ApKV) 



APPENDIX I - SUMMARY OF SAMPLE SOURCE, SYMPTOMS AND INDEXING OF ROSE DISEASE COLLECTION 

c 
0 ... 

... 
CJ .. 11 .0  

..... s ..... " 
0 c u 

73 

74 

75 

76 

7 7  

7 8  

79 

80 

8 1  

82 

83 

84 

85 

86 

87 

88 

89 

90 

9 1  

92 

93  

94 

95 

96 

11 

Cult ivar 

Not known 

Not known 

Not known 

Not known 

Freude 

Ana bell 

Silver Lining 

Si lver Lining 

R. mul t i tlora 

Vol de Nuit 

Not known 

Josephine Bruce 

Command Performance 

Eli z abeth of Glamis 

Christian Dior 

Not known 

Oueen Elizabeth 

Command Performance 

Grandpa Dickson 

Jiminy Cricket 

Bewitched 

Apricot Nectar 

Orangeade 

Queen Elizabeth 

I l l  

Source 

P.  Taihape 

P.  Taihape 

P. Taihape 

P.  Taihape 

A. Hast ings 

N. Levin 

P. Palm North 

P.  Palm North 

N.  Levin 

A. Lower Hut t 

A .  Lower Hutt 

P. Hami lton 

P. Hamilton 

P. Hamilton 

P. Hami lton 

P. Hamilton 

P. Auckland 

P. Hami lton 

P. Auckland 

P. Auckland 

P. Auckland 

P. Auckland 

P. Auckland 

P. Auckland 

IV 

Ori ginal plant 

AlO  

C l4 

C6 

C7 

C6 C l 7  

8 2  

A 3  A5 

A5 C6 

s imazine 
chlorosis 

82 

A7 - 10 

A6 

A9 AlO 

C ll  

C9  Cl4 

C7 

8 1  C l 3  

82 

A5 

C6 

82 (Hormone 
damage) 

A3 

81 C l l  

V 

Symptoms on 

Progeny 

A6 A7 AlO 

Cl4  

C6 

C7 

C6 Cl7 

82 

A3 A5 

A5 C6 

82 

A7 - 10 

A6 A7 

A7 - 10 

C 1 1  

C7 

8 1  

82 

A5 

C6 

82 

A3 

81 

A7 - 10 

VI 

R .  mul tiflora 

A7 

82 

A3 A5 

A5 

82 

A7 

A7 

A7 

8 1  

8 2  

A5 

B2 

A3 

81 

A7 

VII VI I I  

Indexing on 

' Shirofugen ' 

G% N %  S . D .  

G %  N "/s S . A .  

G }s N "/s  S . A . 

G 1/s N "/s S . A .  

G'ls N "/s S . A. 

G Ys N "/s S . A. 

G"/s N "/s S .A .  

G"/s N "fs S . A .  

G2/s N "/s S . A .  

G�s N o/s S .A .  

G"/s N 5/s S . D. 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

G'/s N2/s S . D .  

G 3/s N% S . A .  

G.% N'/s S .D .  

cucumber 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

IX 

C. quinoa 

+ 

+ 

+ 

+ 

+ 

X 

EL ISA 
test for 
PNRSV 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 



APPENDIX I - SUMMARY OF SAMPLE SOURCE, SYMPTOMS AND INDEXI�G OF ROSE DISEASE COLLECTION 

c 
0 ... ... ... 
" .. .. .&> 

'""' e ...... " 
0 c 
u 

9 7  

9S 

99 

100 

101 

102 

103 

104 

105 

106 

1 0 7  

lOS 

109 

1 10 

1 1 1  

1 1 2  

1 1 3  

1 1 4  

1 15 

1 16 

1 1 7 

1 1S 

1 19 

1 20 

1 2 1  

I I  

Cul t ivar 

Josephine Bruce 

Frensham 

Iceberg 

Super S t a r  

Diamond Jubi lee 

Wee Man 

Melina 

Not known 

Josephine Bruce 

Came lot 

Queen Eli zabeth 

R gal l i ca 

Scarlet Queen 
Elizabeth 

Bridal Pink 

Bridal Pink 

News 

Unnamed seedling 

Unnamed seed l i n g  

Queen Eli zabeth 

Not known 

Scarlet Queen 
Elizabeth 

Tilti 

Chivalry 

Garden Party 

Not known 

I l l 

Source 

POD Auckland 

POD Auckland 

POD Auckland 

POD Auckland 

A .  Palm North 

N .  Levin 

N .  Levin 

Not recorded 

Not recorded 

P .  Auckland 

P. Auckland 

P .  Auckland 

P. Auckland 

GH Auckland 

CH Auckland 

N. Auckland 

N .  Auckland 

N. Auckland 

N .  Auckland 

N. Auckland 

N .  Hamilton 

P .  Te Awa11a1tu 

A. Te Awamutu 

P .  Te Awamutu 

N .  Hami l t on 

IV 

Original plant 

AS 

AS Bl 

AS 

AS B l  

C l 9  

C7 

A7 - 10 

C l l  

C l 3  

C 6  C 9  C l S  

B l  B 2  

B 2  

B 2  

B l  C l l  

C 1 1  

C 3  C l 2  

B 2  C 9  C l l 

Cl symptomless 
shoot 

Bl 

A3 

C 1 1  

C l l  

AS 

V 

Symptoms on 

Progeny 

A7 - 9 

A7 - 9 B l  

A 6  - 9 

A7 - 9 B l  

C7 C2 

A7 - 10 

C l l  

A6 A7 

AS 

C6 C9 C l S  

A7 - 9 B l  8 2  

A7 - 9 B 2  

A 7  82 

B l  

C l l  

C l 2  

B 2  C l l  

A 7  - 9 B l  

C l l  

A 7  - 10 

AS 

VI 

R. mul ti flora 

A6 A7 B l  

A6 

Bl 

A7 - 9 

B l  

A6 A7 

AS 

B l  

A 7  B l  82 

A7 B2 

A7 B2 

Bl 

B 2  

A7 B l  

A 3  AS 

A7 AS 

AS 

V I I  V I I I  

Indexing on 

' Shirofuge n ' 

c %  N 1/s s . o .  

G1s N 3/s S . A .  

c% N 1/s s . A .  

G �s N 'Ys S . A .  

G 3/s N% S . A .  

G "/s N"ls S . A .  

G "/s N"ls S . A .  

G "/s N % S . A .  

G �s N Js S . A .  

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

cucumber 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

IX 

c .  quino.o 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

EL ISA 
test for 
PNRSV 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 



APPENDIX I - SUMMARY OF SAMPLE SOURCE, SYMPTOMS AND INDEXI�G OF ROSE DI SEASE COLLECTION 

c 
0 .... 

... ... 
u "  OI .D  

..... 11 ..... " 
0 c 

u 

1 2 2  

1 2 3  

1 2 4  

1 25 

126 

1 2 7  

1 2 8  

1 29 

1 30 

1 3 1  

1 3 2  

1 3 3  

1 34 

135 

136 

1 3 7  

1 38 

1 39 

140 

1 4 1  

142 

143 

144 

145 

146 

l l  

Cul t i va r  

N o t  known 

Rosenthal 

Queen E l i zabeth 

Duet 

Not known 

Fragrant Cloud 

Royal Dane 

Handel 

Unnazed seedling 

Unnared seedling 

Command Performance 

Deep Secret 

Car la 

Not kn01o1t1 

Fragrant Cloud 

Nat known 

Unnamed budded 

Virgo 

Tiki 

Super S t a r  

Scarlet Queen 
Elizabeth 

Carina 

Bridal Pink 

Bridal Pink 

June Bride 

I I I  

Source 

P. Te Kuiti 

P. Te Awamutu 

N. Hami l t on 

P .  Te Awamutu 

N .  Hamilton 

N. Hami lton 

P .  Te Awamut u  

A .  Te Awamutu 

A. Te Awamutu 

N. Auckland 

A. Palm North 

N. New Pl )'lDOuth 

P. Hawera 

P .  Hawera 

P. Hawera 

P. Hawera 

P. Palm North 

A. Palm North 

A. Palm North 

A. Palm North 

A. Palm North 

GH Auckland 

GH Auckland 

GH Auckland 

P .  Auckland 

IV 

Original p l ant 

C 1 3  C l S  

C9 

B2 

C l S  

C l  symptomless 
shoot 

C l 7  

C 9  C l 2  C l8 

C I S  

C l l  

C 3  C l 2  

C l 3  

C l l  

B2 

Bl 

C9 C l 2  C l 8  

B 2 ?  

82 

B 2  

Bl B2? 

Bl C l8 

AS 

B2 

B2 

A7 A9 

V 

Symp t oms on 

Progeny 

A7 - 10 

A6 B l  B 2  

A 7  

A7 C l 7  

C l 2  

B 2  

8 1  

C 9  C l 2  C l B  

B 2  

B 2  

AS B 2  

A7 - 10 B l  

Bl C lB 

A3 AS 

A3 AS B2 

A3 

A3 AS 

V I  

R .  mul tifl or.> 

A6 A7 

A6 A7 Bl 82 

A 3  A5 A7 

A 7  A l O  

B 2  

B l  

B 2  

B 2  

B l  

B 2  

A 7  B l  

B l  CS 

A5 CB 

A3 B2 

A3 A5 AB B 2  

AS A7 - 9 

V I I  V I I I  

Indexing on 

' Sh i ro fugen' cucumber 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

G% N% S .A .  

G'f5 N% S . A .  

G'f5 N"75 S . A .  

c% N% S .A .  

G 1/5 N% S . A .  

G 1/5 N% S . A .  

C'f5 N"/5 S .A .  

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

IX 

c .  quinoa 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

ELlS A 
test for 
PNRSV 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 



APPENDIX I - SUMMARY OF SAMPLE SOURCE, SYMPTOMS AND INDEXING OF ROSE D I S EA S E  COLLECTION 

c 
0 .... 
.... .. 
u cu 
cu .o  

..... 1: ..... " 
0 c 

u 

147  

1 48 

149 

1 50 

1 5 1  

1S2 

1S3 

1S4 

1SS 

1S6 

1S7 

158 

1S9 

160 

161  

162 

163 

164 

16S 

166 

167 

168 

169 

170 

1 7 1  

1 7 2  

l i  

Cultivar 

DialliOnd Jubilee 

Diamond Jubilee 

Duet 

Tiff  any 

First Love 

First l.ove 

Bel Ange 

Chrysler Impe rial 

Grus am Berlin 

As t ree 

Mol ly McGredy 

Grande Amore 

Invitation 

Heatwave 

Margaret 

Flamenco 

Diamond Jubilee 

Red Planet 

Jan Spek 

Josephine Bruce 

Gabriel Cutler 

Elizabeth of Glamis 

Not known 

Prominent 

Sonia 

73/86 

I l l  

Source 

P. Auckland 

P. Auckland 

P. Auckland 

P. Auckland 

P. Auckland 

P. Auckland 

P. Auckland 

P. Auckland 

P. Auckland 

P .  Auckland 

P .  Auckland 

A. Cambridge 

A .  Camlnidge 

A. Cambridge 

A. Cambridge 

A .  Cambridge 

A. Cambridge 

A. Cambridge 

P. Hami lton 

P .  Hami lton 

P. Te Awamutu 

P .  Te  Awamutu 

A.  Palm North 

G!l Cambridge 

G!l Cambridge 

N. Auckland 

IV V 

Symptoms on 

Original plant Progeny 

A3 A3 A5 

C4 CS A5 

AS Cll  A5 Cll  

Cl l  Cll  

A7 - 10 A3 C2 

A3 A3 A5  

CB C8 

A7 - 10  A7  - 10  

A3 A3 A5 

A6 A6 - 10 

A6 A6 - 10 

A5 A5 

A3 A5 A5 

A3 A3 

A2 A5 A7-9 B 1  

B 1  A 2  A 3  A5 B 1  

C 4  CS Cl l C4 CS C l l  

A 3  A5 A7- 10 

C4 CS Cll  C4  CS Cl l  

A5 AS 

A3 A7 

A3 A5 A7 

Little leaf 

C5 Cll CS Cl l 

C5 Cll  CS Cll 

C5 Cll CS Cll 

VI 

R .  mul ti tlora 

A3 A5 

A5 

A3 A5 

A3 A7 - 9 

A3 AS 

CS 

A7 - 10 

A5 

A6 - 9 B 1  

A6 - 9 

A5 

A3 A5 

A2 A3 A5 

A3 A5 B 1  

A 3  A5 B 1  C8 

A5 

A5 

A5 

A3 A5 A7 

V I I  VI I I  

Indexing on 

' Shirofugen ' 

c j, N "f> S . A .  

G Ys N �, S . A .  

G 2/> N %  S . A .  

G "f, N �s S . A .  

c "f, N '7> S . D .  

G Ys N �s S . D .  

c 1s N �s S . A .  

G �5 N 1s S . A .  

G �s N "f> S . D . 

G "fs N "fs S . D . 

G '7s N "f> S . D .  

G 1s N 1s S . A .  

c% N '/s S .A .  

G2/, N o/s S . A .  

G 1/, N o/s S .A .  

G2/s N% S . D .  

G"/s N2ls S . A. 

G% N %  S . A .  

G 1/s N'ls S . A .  

G% N"f, S . A .  

G Ys N "/s  S . A .  

G3/s N"/, S . D .  

NT 

G% N 5ls S .A .  

G 1/s NVs S .A .  

G% N�s S .A.  

cucumber 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

IX 

C. quinoa 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

ELl SA 

test for 
PNRSV 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 



APPEt\D1 X 1 - SUMl'IARY OF SAHPLE SOURCE , SYHPTOMS At\D 1 N!lEXJ:'\G OF ROSE D I S EASE COLLECTION 

r:: 
0 

� ... 
" "' Cl .t:.  

- E - " 0 r:: '-' 

1 73 

1 74 

1 7 S  

1 76  

1 77 

17B  

1 79 

1 BO 

1 B 1  

1 B2 

1B3 

1 B4 

1 BS 

I B6 

IB7  

1 BB 

1 B9 

1 9 0  

1 9 1  

1 9 2  

1 9 3  

194 

1 9 S  

196 

197 

J J  1 1 1  

Cul tiva r  Source 

73/B6 N .  Auckland 

Harkness AY N. FeUding 

Diamond Jubilee P. Palm North 

Kings Ransom P. Palm North · 

Ideal Home P .  Palm North 

Trio P. Palm North 

Ole P. Palm North 

Mirato P. Nap ier 

Petula Clark P .  Napier 

Vogue P .  Napier 

Rotorua P. Napier 

Scherzo P. Napier 

Allotria P. Napier 

Fred Howard P. Nap ier 

Chicaeo Peace P. Napier 

Diamond Jubi lee P .  Napier 

Vienna Charm N. Hast ings 

Libery Bel l  N .  Has t ings 

Grande Amore N. Has tings 

Sweet Afton N .  Hast ings 

Mde H .  Guillot  N .  Hast ings 

Whisky N. Hastings 

Natalie Wood N. Hastings 

Natalie Wood N .  Hastings 

Kings Ransom N. Has t ings 

1 \' 

Ori ginal plant 

CS C l l  

CB 

A3 

A3 

C7 CB 

CS C 1 1  

B 1  

C7 

CB 

A7 - 10 

B l  

Spider mi te 

A6 

A5 

C 14 

CB 

C l l  

C S  C l l  

A 3  A5 

C9 C l l  

B2 

C l l  

C 1 1  C 1B 

V 

Symptoms on 

Progeny 

CS C l l  

A3 A5 

A3 A5 

CB 

CS C l l  

AS A 7  B 1  

C7 

CB 

A3 A5 A7 - 9 

A3 A5 A7 A 1 0  B 1  

A6 - 1 0  

A2 A3  A5 

A3 AS AB 

C 1 4 

C2 CB 

A6 - 9 C 1 1  

C S  C 1 1  

A 3  A5 

C9 C 1 1  

A6 - 1 0  B2  

A7  - 1 0  

A7 - 1 0  

V1 

R. mul t i fl or" 

A3 A5 

A3 AS B 1  

CB 

A5 A7 B 1  CB 

CB 

A3 A5 B 1  

A 3  A5 A 7  B 1  

A6 - 1 0  

A5 

A7 CB 

A6 A7 

A6 - 10 B2 

A7 - 10 

A7 - 10 

A5 

VII  \'I ll 

Indexing on 

' Shirofugen ' 

G 1/s N's S .A.  

Glfs N 'Ys S . A .  

G'/s N lfs S . D .  

Glfs N lfs S .A .  

G'fs N °/5 S .A .  

G2fs N �5 S .A .  

Glfs N 's S. D.  

G1/5 N o/s S. A. 

G1/s N°/s. S .A. 

GOfs N o/5 S . D.  

GSfs N3/s S .A .  

G1/5 N°/s S .A.  

G'fs N 3/5 S .A.  

G1/s N°/s S .A .  

G"/s N'/s S . D .  

C0/5 N°/5 S . A .  

G Ofs  N°/s S .A .  

G% N 1/s S . D .  

G 1/5 N% S .A .  

Go/s N"/5 S . D .  

G"/5 N% S . A .  

G lfs N 1/s s ; A .  

G% N% S .A.  

G 1/s N% S .A .  

G% N% S . D. 

cucur.1ber 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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c 
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tJ .l:: 
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l9B 

199 

2 0 0  

20 1 

202 

203 

204 

205 

206 

207 

20B 

209 

2 10 

2 1 1  

2 12 

2 13 

2 14 

2 15 

2 16 

2 1 7  

2 1B 

2 19 

220 

2 2 1  

1 1  

Cu l t ivar 

Pascal i  

Peter Franken f e l d t  

Dor tmund 

Sarabande 

Curiosity 

Iceberg 

Me r ry Widow 

lnterf lora 

Buccaneer 

Circus 

Virgo 

Garden Party 

Lady X 

Masquerade 

llona 

Clg Mde Butterfly 

Virgo 

Wes tern Sun 

Queen Elizabeth 

S u t  ters Gold 

Scherzo 

R .  chinensis 
' Vi ridiflora ' 

1 1 1  

Source 

N. Hast ings 

N. Hastings 

P .  Napie r 

P .  Napier 

P. Napier 

P .  Napier 

P .  Napier 

P .  Napier 

P .  Napier 

P. Napier 

P .  Napier 

P.  Napier 

P .  Napier 

P. Napier 

GH Hastings 

N. Hami lton 

N .  Hami lton 

N. Hami l t on 

N .  Hamilton 

N. Hamilton 

N. Levin 

N. FeUding 

Command Performance A. Palm North 

Super Star POD Auckland 

1 \'  

Ori ginal plant 

C9 Cll 

C12 

C l l  

variegated 

A6 

A7 A10 

Cl l  

C l l  

C7 CB 

A6 

A6 

A3 A5  

C l l  

A3 

Spring dwarf? 

Green flowers 

Cl3  

AB  B 1  

V 

Symp t oms on 

Progeny 

A7 

C9 C1 1 

A6 C12 

C l l  

variegated 

A6 A7 

A6 - 10 

A7 - 10 

A6 - 10 

C7 

A3 A6 A7 

A6 A7 

A6 - 10 

A3 A5 

C l l  B 1  

A3 

A5 C 1 1  

A2 A 7  - 9 

Green flowers 

A7 - 9 B 1  

V J  

R .  mul t i flora 

A5 A7 - 10 

A7 AB C14 B l  

A6 A7 

A7 AB Bl 

A3 A6 A7 

CB 

A6 A7 B l  

A6 

A7 

A5 

81  

A3 A5 

A5 A7 - 9 B l  

A 3  A5 B 1  

A5 A7 - 9 

A5 A7 

B 1  

V l l  \"I l l  

Indexing on 

' Shi rofugen' 

G 1/s N"/s S . D .  

G 1/s N"/s S . A. 

G"/s N 3/s S . A .  

G '/s N"fs S.A.  

G"/s N"/s S . A .  

G% N% S . D .  

G Ys N'/s S . D .  

G"/s N 'fs S . A .  

G"/s N"/s S .A .  

G 1/5 N"fs S .A .  

G 1/s N 3/s S .A .  

G2/s N5/s S . D .  

G"/s N'/s S . D. 

G% N 'fs S . A .  

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

cucur.lber 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

IX 

c .  qu i no<� 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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EL ISA 
test for 
PNRSV 
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KEY 

I l l  Source : N - nursery ; P - public rose garden ; A - amateur home 

garden ; GH - greenhouse cut flowe r growe r ;  PDD - Plant Diseases 

Division , DS IR.  

IV Symptoms : According to the text , pp5-8 , and as recorded from 

the ori ginal source plant at time of sample collection .  

V Symptoms : Observed at some s t age on progeny , res ult ing from 

budding sample to Rosa mul tifl ora . 

VI Symptoms : Transmi tted by grafting and observed at s ome stage 

on R .  mul ti fl ora s tock tops and/or healthy cult ivars used as 

indi cators for rose petal fleck or rose colour b reak . 

VII 

VIII 

Indexing on ' Shiro fugen ' cherry : G - gummosis ; N - necrosis ; 

results expressed as number o f  buds showing symptom/number of 

buds tested . S . A .  - shoot alive fol lowing spring ; S . D .  - shoot 

dead fol lowing sp ring ; NT - not tested . 

Indexing on cucumbe r  ' Crys tal Apple ' - pos i t ive (+) or  negative (-)  

t ransmission .  

XI Pos i t ive (+) or (- )  t ransmission to Chenopodi um quinoa 

X Pos it ive (+) or negative (-)  ELISA tes ts  for prunus necro tic  

ringspot virus . 
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