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ADDENDUM 

Pg 1, Para 3: Agro bacterium turnefaciens - I e I not 'a' 

Pg 6, Para 1: feas..!_bili ty - 'i I not 'a' 

Pg 10' para 1: 1st sentence reads: 
... oxidase reagant using the method of Kovacs (Lelliott 

et al 1966) 

Pg 16, para 2: 'sera' not 'serum' 

Pg 16, para 3: 'antiserum' not 'antisera' 

Pg 21, para 2: distinguished - I g t not 'q' 

Pg 24, para 1: Klement (1963) 

Pg 24, para 1: 24, 28 or 72 '4 8 ' not '28' 
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Abstract 

The taxonomy of the ca usal agent of bacteria l speck of tomatoes 

is discussed and the trinomial Pseudornon.as syringae pai:hovar tomato 

(Okabe) Young, Dye and Wilkie is adopted. 

A vacuum infiltr,qtion method of artificially inoculating seed was 

used and P. syr•ingae pv tomato wa s det:ected in both artificially and 

naturally infested seed using s ensi tive enrichme nt culture techniques. 

The pathogen can rema i n viable between see d harvest and sowing in 

association with seed b11t seed-pl an t transfe r was only occa siona lly 

de monstrated. 

vii 

Th e acid seeri extraction method and other germicidal seed treatmen ts 

were evaluated for their effect on the seedborne pathogen. St reptomycin 

sulphate as a slurry treatment (2.Sg a.i. /Kg of seed) just prior to seed 

sowing was the only t otally effective seed treatment tested. 

The potential for survival in infected crop debris, soil and on 

alte rnative hosts was shown . However, the pathogen was not i s olated 

from weeds in infected tomato crops and no concl usive evidence of systemic 

infection was found. 



1. INTRODUCTION 

The tomato, LycopeY'sicwn escu'lentu:n Mi 11 . , is an important 

fresh-market and processing crop in New Zealand. The North Island 

is responsible for 83% of the total production (Anon , 1977). A 

limited export market for fresh-market tomatoes, mainly to the 

Pacific Islands, also exists (Anon, 1978). 

l. 

The area cultivated to tomatoes has been static for the last 

few years with approximately 800 hectares producing at an average 

of 68 tonne s per hectare (Anon, 1979). Processing toma toes, one of 

the two major prDcessing er.ops i.n New Zealand, occupy approximately 

two-thirds of t he total hectarage in tomatoes but only produce 

about half the total annual yield of approxlmarely 54,500 tonnes. 

Fresh-market tomatoes occupy the remaining area and produce the 

other half of the total yield. 

This yield does not reflect the genetic putential of th2 crop 

due to the influence of a variety of adverse environmental factors, 

of which diseases frequently are an importan t part. A number of 

ba c terial, fungal and viral pathogens infect t omatoes a nd often 

ca use economic loss. One of the bacterial diseases , 'bacterial 

speck 1
, caused by Pseudomonas tomato (Okabe) Alstatt, is regularly 

of economic importance causing significant yield losses (Tate and 

van der Mespel , 1976 ), usually in outdoor tomatoes but occasionally 

under glass. Other bacterial pathogens may also cause disease in 

tomatoes in New Zealand including: - AgrobacteY'ium tunefaeians Smith 

and Townsend causing crown gall; Coryneba.cterium michiganense 

(Smith) Jensen causing tomato canker ; Pseudomonas cichorii 

(Swingle) Stapp causing stem bacteriosis; Pseudomonas solanaceareurn 

Smith causing bacterial wilt; Pseudomonas syringae van Hall 

causing stem necrosis; Pseudomonas viridiflava (Burkholder) Dowson 

causing internal stem rot and Xanthomonas vesicatoria Doidge 

causing bacterial spot. 



2. 

Bacterial speck of tomatoes was first rec orded in 1933 

(Okabe 1933; Bryan 1933) and was first found in New Zealand , at 

Hastings, in 1944 (Reid, 1948) where it was causing serious stunting 

of a dwarf var i ety i n the field and ex t ensive l eaf infection of 

seedlings in boxes. The disease is now widespread in New Zealand 

causin g economic loss by way of reduced yields and de layed fruit 

maturity , 

Yields are reduced when the toma to foliage is diseaserl 

(Schneider , Hall and Grogan, 1975; Grogan , Kimble, Schneider and 

Ioannou , 1974). The percentage yield loss varies with the plant 

growt h stage at the time of infection; slight yield losses are to 

be expecte d even in diseased tomato seedlings which may recover 

when only tbe lower branches are diseased. The yield reduction 

in plants inoculated a t the following stages : - (i) third true leaf ; 

(ii) third true leaf and 50% flowering; (iii) third true leaf 50% 

flowering and f irst green fruit as compared to a healthy contro l, 

were 12, 13 and 13% r espec t ively (Schnei de r , Hall and Grogan , 

1975). 

Grogan et al (1974) found s ignificant yield reductions in a ll 

plants inoculated with the pathogen at seven weeks. To tal yie ld s 

in this trial were reduced by an a verage of 15% and t otal ripe 

f ruit yield was reduced by 59% . The disease had no affect on the 

number of fruit set or on the average weight of either green or 

red fruit . However, there was a total yield loss due to the delayed 

maturity because ripe f ru it weigh more than green fruit. 

If plant roots are diseased the total or red fruit yield , as 

compared to a healthy control, is not significant ly reduced. 

However, in diseased plants there is a delay of approximately six 

days to the 50% red stage (Grogan et al 1974). Top inoculat ion 

of 14 day old plants reduced total yield by 16% and red fruit 

yield by 20% while top and root inoculation of 14 day old plants 

r educed total yield and red fruit yield by only 11 and 13% 

r e spectively. The bacteritnn also had a synergistic effect on 
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maturity, delaying it by as much as 10 days . Root inocula tion 

of 60 day old plants under glass reduced both root and stem weigh t s 

by 38% and 26% r espectively, although the general plant appearance 

was unaffected (Grogan et al 1974 ) , 

Although the disea s e may occur at any stage dur ing the growing 

seas on , Schneider and Grogan (1977a) r epor ted that infec t ions 

occurring in the early spring caused the gre a test economic loss. 

Ptihronezny, Volin and Stall (1979) es t imated a 50% cull rate of 

fruit harvested from diseased plots due to the small r aised speck 

l esions which make the fruit unmarketable. 

The disease i s readily r ecognized by the characteristic symp t oms 

on both fruit and fol i age . The fruit l esions appear as small , 

dark, raised pus t ules on t he fruit surface while foliar lesions 

are dark brown to black necrotic areas surrounded by yellow halos 

(Bryan 19 33). 

The species caus :ing bac terial speck in tomatoes, PBeudomonas 

tomato~ was erected by Okabe in 1933 and named Phytomonas tomato 

Okabe. In the same year Bryan (1933) descri bed a bacterial pathoge n 

of t omatoes and named it Bacterium punet:ulans Bryan. In Bergey ' s 

Manual of Determinative Bacteria (1939) Bacterium punetulans is 

list ed as a prob ab l e synonym of Phytomonas tomato. Dowson in 

1943, r eferred to the organism as Pseudomonas punctulans (Bry a n) 

Dowson (Reid 1944). The name Pseudomonas tomato was proposed in 

1944 (Alstatt 1944) and is now most commonly used i n the nomencJ.ature 

of the pathogen . Howev_er, recently Young, Dye, Panagopoulos, 

Bradbury and Robbs (1978) proposed a nomenclature and classification 

system for plant pathogenic bacteria in which Pseudomonas t omato 

is named Pseudomonas syringae pathovar t omato (Okabe) Young , Dye 

and Wilkie. Although the merits of this taxonomic system will 

be discussed subsequently, all pathogens shall, hereafter in 

this study, be referred to by the nomenclature of Young et al (1978). 



Study Objectives 

Although bacterial speck of tomatoes has t he poten tial t o 

cause considerable economic l oss, the possible sources of primary 

inoculum have not been positively i dentified in New Zealand. 

4. 

This study aimed to ident ify and determine the importance of the 

possible sources of primary ino culum and investigate the effect iveness 

of different contro l me asures . As conflicting opini-ons exis t as to 

the importance of any seedborne spread of Pseudomonas syringae pv 

tomato , roost of thi s dissertation deals with the possible importance 

of tomato seed as a source of primary inoculum. The importance 

of any other sources of inoculum was also investigated. 
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2. IDENTIFICATION AND TAXONOMY OF THE PATHOGEN 

2.1 Introduc tion 

Accurate pathogen ident i f ica t ion is essential, even for routine 

work on a disease. Prior to identification, the pathogen has to 

be isolated by techniques which are sensitive and consistently 

e1ab le the production of pure colonies. Sev era l s elective media 

have been developed to aid isolation of Pseudomona.s species to 

pure culture (King, Ward and Raney , 1954; Ka do and He skett , 1970; 

Sands and Rovira 1970; Hildebrand, 1971; Pohronezny , Leben and 

Larsen, 1977) . 

While accuracy should be a prime criterion when id entifying 

bacteria , methods should also be simple, rapid , and reliable. 

In the past, several dif ferent determinative schemes have been 

proposed for the identification of plant pathogeni c pseudomonads 

(Lelliott , Billing and Hayward, 1966; St anier, Palleroni and 

Doudoroff, 1966 ; Misagh i. and Grogan , 1969; Sands , Schrutb and 

Hi lde r brand, 1970). However, as many of the s e techni ques have 

proved to be inadequa t e , other t echniques for the ide nti fication of 

Pseudomonas species have been deve loped. Techniques recognising 

the protein composition of the cell have b ee n used by a numb e r of 

researchers . Se r o logical methods identifying the proteins (antigens), 

some of which are specific to a species , have been us e d to 

distinguis h and i dentify Pseudomona.s spec i es (Lovrekovic h, Klement 

and Dowson, 1963; Lucas and Grogan 1969; Taylor, 1970). Lester 

(1 978) re ported tha t gel electrophoresis, identifying the protein 

composition of the ce ll, appeared to be of value as a r e l a tive ly 

simple and rapid method of distinguishing saprophytic and pathogenic 

Pseudomonas strains but is not sensitive enough t o accurately identify 

species. 



In this r esearch, the scheme for identification as proposed 

by Lell iott et al (1966) was used and, because no determinative 

scheme available r esults in positive identificat i on of P. syringae 

pv tomato~ all t entative iden tifications were confirmed by 

pathogenicity testing on tomatoes. The f easab:Llity of using 

serological techniques to identify P. syr>1:ngae pv tomato was 

investigated and the use of serology in some identif ica tion wo r k 

is discussed. The nomenclature and classification of P. syringae 

pv tomato, as proposed by Young et a l (1978) ., is considered 

and related to the determinative schemes a nd taxonomic approaches 

of a number of other researchers. 

2 .2 Morpho~ogical Characteristics of P . .syringae pv -toma-to 

P. 8yrin.:;ae pv tomato is a gram negative, mot ile (1-7 pola r 

flagella), aerobic, non-spore fo rming , non - acid fast rod shaped 

bacterium of approximately 1. 3-2 . 3µ by 0.611 (Bryan 1933; Wilkie 

& Dye 19 74b). Although such a description may be useful it doe s 

not enable accura te identifi cation as many closely related 

bacteria have sj milar properties. 

2 . 3 Selective Media 

It is of vRlue t o be able to grow a bac t erial plant pat hogen 

6. 

in pure culture to aid identification, pathogenicity and serological 

studies. Although P.syringae pv tomato will grow on a wide range 

of media the selectivity of these media varies c ons iderably . Two 

growth media reported to show some selectivity for pseudomonads 

were used in this study. 

The ' B' medium of King et al (1954, Appendix I) facilitates 

the production of two water soluble pigments, fluorescein and 

pyocyanin, the presence of which can be demonstrated by the 

fluorescence of cultures under ultraviolet light. Although 

contaminant micro-organisms may also grow on this media the 

selectivity can be increased by the addition of antibiotics which 

are ineffective against most fluorescent pseudomonads (Rovira and 



Sands, 1970) . Bashan, Okon and Henis (1978) added 2 µg of 

cyclohexamide and 200 units of penicillin per 10 ml of medium to 

prevent the growth of contaminant micro-organisms. In th is study 

King' s B medium was used for isolation to pure culture. The 

selectivity of the agar was increased by the addition of 20,000 

units of penicillin per litre of medium, after the medium had 

been au toclaved and cool ed to 45 C. In addition to the use of 

King's B medium agar to obtain pure cul tures, on occasions the 

broth was used for primary isolations prior to subsequent transfer 

to King's B medium agar. 

The D4 medium (Appendix I ) of Kado and Heski tt (1970) shows 

some selectivity for pseudomonads, although some F:Pu.)tni.a species 

7. 

will also grow slowly on it. Schneider (pers. comm. 1979) reported 

tha t the selectivi t y of D4 broth for pseudomonads could be increased 

by the addit i on of 2-Sg of Lithium chlo rid e (Lt Cl) per ht.re nnd the 

D4 agar could be made more differential by the addition of 1 ppm 

crystal viole t. 

P. syringae pv tomato colonies are slightly raised, circ u1 nr 

and bluish-violet in colour on D4 agar plus crystal violet 

(Plate 1). Growth in D4 broth plus LiCl is slow with little colour 

change occuring. However, the liquids viscosity changes from t he 

consistency of wa t er to the consistency of a l ight oil . 

D4 agar was used infrequently as it provided no advantage 

over King's B medium and all colonies on D4 had to be subcult ured 

to King' s B medium for determinative testing. 

2.4 Determinative tests 

Determinative tests can be an important aid in the accurate 

identification of phytopathogenic bacteria. Plant pathogenic 

pseudomonads have been organised into a number of groups on the 

basis of such tests. The number of groups and the division of the 

species into groups varies considerably with different researchers. 



P.syringae pv tomato is usually grouped with other slow growing 

phytopathogenic pseudomonads (Lelliott et al 1966; Misaghi 

and Grogan 1969; Sands et al 1970; Doudoroff and Palleroni 

197!+). 

Lelliott et al (1966) divided fluorescent pseudomonads into 

8. 

g oups on the basis of twelve determinative t ests. Using Lelliott 

et al ' s (1966) division of the pseudomonads it was possible t o 

identify P. syringae pv tomato to group level by performing two 

simple tests, viz the oxidase and levan tests. These two tests 

enable P. syringae pv tomato to be differentiated from tw o of the 

three other fluorescent pseudomonads attacking tomato vi z . 

P. cichor ii and P. vir1:diflava. Psev.domonas syringae pv syr•ingae 

and P. syringae pv t omato can not be differentiated by these two 

tests and in fact over 80% of the biochemical and nutritional 

tests performed by Misaghi and Grogan (1969) on these two pa th ovars 

gave the same re.sul t . Lelliott et al (1966) re corded some differences 

between P. syringae pv syringae and P.syringae pv tomato by use of 

12 determinative t ests, but these results varied with different 

researchers . 

Although Lelliott el al (1966) consider fluorescence on King's 

B medi um to be a variable criterion for most fluorescent pseudomonads , 

in this study on P. syr·ingae pv tomato it was found to be a constant 

characteristic which together with the oxidHse and levan tests, 

was regularly used to facilitate identification of P. sy1~ingae pv 

tomato . 

Most pseudomonads fluo resce either green or blue on King ' s B 

medium under ultraviolet light in a darkened room . In this respect 

P.syringae pv tomato is no exception, always fluorescing blue under 

ultraviolet light 3500 R (Plate 2) . In natural light colonies appear 

light gr een in colour, slightly raised and rounded. (Wilkie and 

Dye 19 74b) (Plate 3) . 



Plate Appearance of P.syPingac pv tanato colonies on D4 

agar plus 1 ppm crystal violet. 

9 . 
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The oxidase t est is performed by streaking a loopful of growth , 

fr om a 24h nutrient or King's B me dium agar culture, Lo blott ing 

paper and covering it with oxidase reagan t (Lelliott ·t al 1966) . 

The apperance of a purple colour within t en seconds indicates a 

posi tive r esult.. Pseudomona s syy,·[n.gac. pv tomato was usually oxidase 

negative but a weak positive reaction sometimes r esulted (Plate 4) . 

Of t e n fJ.uorescence on King's B medium and the oxidase Lest were th e 

on l y determinative tes t s used but the levan test was used on 

occas ions. 

A positive l evan reRction, typical of P. syringae pv tomato 

(Plate 5) was whi t e domed, mucoid colonies after 3 days growth on 5 % 

sucrose agar (Lell iott et al 1966) (Appendix I). 

Other determinative tests have been r eport ed to ajd t:he i dentification 

of P . .syr'inw1-e pv ·to.w1to but the vari.1t i.on in resu1 ts obtained in 

di[ferent ncsearch laborator~esmakes their value qut'sli..onable . 

2.5 ra hoge:1iclty_ tests 

Beca use P. syr{n,;;ru::- PJ tomato can not be accun1tely separated 

f rom other closely related pseudomonads by determinative te sts a l one , 

accurate identifi ation must involve the use of pathogeniL:ity tests . 

Pathogenici ty t e st s were perf ormed by inoculating t omato seedl ings 

at the fir s t or second true leaf s tage with a 24-36h culture of the 

organism to be tested. A concen t rate d bacterial suspension was made 

using sterile water and this suspension was rubbe d to the upp e r leaf 

surface using a cottonwool bud. Inoculated plants were incubated 

in isolation from other plants in a mist chamber at 25C . 

This inoculation me thod was used becaus e it was reported that 

infection was favour ed by injury (Schneider and Grogan 1977b, 

Basha n et al 1978). Rubbing increases the number of injured and 

dead leaf trichome s through which the pathogen can infect the leaf 
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Plate 2 : Fluorescence of bacterial colonies on King ' s B medium 
agar under ultraviolet light 7,eft : P. syr·ingae pv 
tomato; 1°ight : g een fluorescent Pseudor:1cnJ.s species. 

Plate 3 : P. syringae pv tomato on King's B meditnU agar under 
natural light. 



Plate 4: Oxidase reaction. 
left : P. sy1°ingae pv tcmato oxid;;se negative 
right: Psewiornonas species oxid,1se: positive 

Plate 5: Appearance of bacterial colonies on 5% sucrose agar 
left : P.syringae pv tomato, levan positive reaction 
right: Pseudomona,s species, levan negative r eaction 

12 . 
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tissue (Schneider and Grogan 1977b). Pl an t s were incubated i n a mis t 

chamber to facilitate infec t i on through the stomata (Schne ider and Grogan 

1977b, Bashan et al 1978). Ba su (19 66 ) and Grogan et al (1974) 

reported t h a t disease dev elopment was favoured by 24-27C and 90- 100% 

r e lative humid i ty . By incubating injure d plant s in a mist chamber at 

25C it was hoped th a t dis ease development would be rapid and that low 

populations of the pa thogen could be detecte d. 

A positive r e sult was r e cognised by the appearance o f symptoms 

within 10 days , although recogni sable folia ge symptoms may appear 

after 4- 5 days ( Bas u 1966). 

Foliage l es i ons a r e i nit i a lly i r r egul arly s ha ped wa t e r s oaked 

dark br O\-m to b l ack necrotic a r eas. Later they become dry, attai n 

a mor e regular s ha pe ( 2- 3 mm in diameter) and a r e s urrounded by 

ye l l ow halos (Bryan 193 3; Dye 19 75) (P l a t e 6). 

The s e sympt oms are unlike those produced by o t he r pseudomonads 

infec t ing tomato and a r e t hus a useful gulde to identi f icat ion o f 

the pathogen . 

2.6 Ser ol ogy 

Se rological t es t s can be used to a ccura t e ly and ra pid] y id enti fy 

plant pathogenic bacteria , providing the pa thogen posses s es s ome 

species specific antigens. Trigalet (1978) reported that serologi cal 

cro ss reactions f r equently occur between Pseudomonas spe ci e s and can 

thus reduce the accuracy of the test. Taylor (19 70) removed the non­

specific heat-labile antigens of Pseudomona,s syringae pv phaseo l icola 

(Burkholder ) Young Dye and Wilkie, which are common to 12 other plant 

pathogenic pseudomonads, by autoclaving the antigen or by absor bing 

non-specific antigens with a heterologous organism. Thi.s reduced non­

specific cross rea ctions as the heat stable antigens of P.syringae pv 

phaseolicola are more specific and are shared by only two other 
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Plate 6 : Tomato leaves artif i cally infected with P.syringae pv tomato 
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pseudomonads, vi z: Pseudomonas syr>ingae pv moPspr>unorurn (Wormald ) 

Young et al and Pseudomona.s syr>ingae pv primulae (Ark and Gardner) 

Young et aZ. . The increased specifici ty of heat - stable pseudomonad 

antigens is also reported by other authors (Lovrekovich, et aZ. 1963; 

Lucas and Grogan 1969) . 

'Ma t erials and Methods 

Preparation of antisera to P. sy1°ingae pv tomato and P. c1:chorii 

isolates wi ll facilitate accurate and rap id identification of the 

pathogens if a high-titre d , species-specific antisera results from 

the preparat i on . 

Antigen for injection was obtained by washing bacteria from the 

surface of several 48h, 25C nutrient agar cul tures using 0 . 85% 

ster:i.le sa l ine. The concentration was adjusted to ca. l . 8 x 1010 

cells/ml, estimated by use of the McFarland Scale (Barrett 1967) . 

Lucas and. Grogan (1969) sonicated cells of Pseudomonas sy1°1,ngae pv 

lu.ch, -ymanB (Smith and Bryan) Young et aZ. , prior to injection, t o 

release more of the species -specific ant i gens which are usually 

associaled with the c e ll wa ll. Schaad (1976) reported that the 

ribosomes of some Xan.thomor.as species show some specificity and may 

be useful in id e ntification. Ribosomes can be released by sonication 

or in a French pressure cell . 

In this study attempts to disrupt the cells by sonication for 15 

mins . were unsuccessful. However, approximately 50% of t h e cells in 

the suspension were disrupted by use of a cold French pressure cell 

at 360 kg /mm
2

. Preparations treated with a French pressure cell 

were stored at 4-5C until required for immunization. 
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One millilitre of disrupted cells wa s emulsified with 1 ml of 

Freund's Incomplete Adjuvant by repeated passage through a 10ml 

syringe. One millilitre of this emulsion was injected intramuscularly 

into each hind leg of a ca. 2kg rabbit. The intramuscular injection 

was repeated after 1 week a nd t he final injection of 1 ml of 

adjuvant and 1 ml of antigen was made subc utaneous ly into 6 positions 

on the rabbit's back 2 weeks after the initia l injection . 

One week after the final injection 40 ml of blood was bled f rom 

the ear and the serum was separated from the clotted blood by 

decanting off after lh , standing overni ght at 4C, and centrifuging 

light l y . Pre-immune sera was collected prior to antigen injection. 

The ti tre was determined by tube p r ecipitin tests at 35C using 

approximately 10
6 

whole cells/ml as antigen in 0.85% stc:cile 

saline. The t itre of the ant i sera to P.syringae pv tomato 

was ca. 1: 8. 000 and the antis era to P. c1:ehor-ii had a ti. t r e of ca. 

1:5.000 . Sera was stored frozen with 0.02% sodium azide as a 

preservative. 

The antisera was used to test for antigen in gel double diffusion 

tests (Gibbs and Harrison 1976) in petri plates containing 0. 4% 

phosphate buffered saline sero logy agar (PBSSJ\) (Appendix I). Circular 

well patt e rns were c ut i n to the agar with a template and the antigen 

was added to the appropriate well s at approximately 10
6 

cells/ml, 

either as whole cells or as heated (1 hat lOOC) cells (Lucas and 

Grogan 1969). The antisera was diluted 1:4 with 0.85 % sterile saline 

and added to the central well. Ten isolates of P. syringae pv tomato 

one P.cichorii isolate, and one unidentified Pseudomonas species 

isolated from the soil (Appendix III), were tested against P.syringae 

pv tomato antisera as both whole and heated cells. Three P.syringae 

pv tomato isolates, two P.cich.orii isolates and the unknown Pseudomonas 

isolate were also tested against P. cich.ori1: antisera as both whole 

and heated cell antigens. Pre-immune sera was used as a control. 
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Resul t s and Discussion 

Using pre-immune sera no precipi tation lines appeared in the 

control. The results obtained after incubation of the bacterial 

isolates and antisera for 5 days at room temperature are illustrated 

in Figure 1. 

Non-specific reactions occurred when all whole cell preparations 

were reacted with the antisera. Although it is possible to dif ferentiate 

between the different Pseudomoncrn species tested using whole cells, a 

more specific reaction was obtained when heated ce lls were used. The 

heat stable antigens were usually specific to the corresponding 

antisera, although a slight non-speci fic reaction occurre d between 

the P. cichor1:i isolate and the antisera for P. syringoe pv tomato 

(Fig. lD). P. C:'ichorii has been isolated from tomatoes i n New 

Zealand but the disease is not as common as bacter i al speck and the 

symp toms di ffer considerably (Dye 1975 ). However, some confusion 

in the use of serology t o identify P. sy1·inuo.e pv tomato may develop 

as a result of a weak non-specific reaction of heat-stable antigens . 

It is possible that other closely related pseudomonads may a lso have 

non-specific heat-s table antigens which -react with P . sy1°ingae pv 

tomato a nti sera. 

Although ant i se r a was only prepared to one isolate of P. syri1~ae 

pv tomato it is possible that more than one serotype exists . These 

serotypes could differ in specific anti gens and may not be accurately 

identifiable by using antisera produced to the one isolate tested, 

thus further limiting the usefulness of serological tests . This 

result was recorded by Lucas and Crogan (1969) when they established 

that 3 serotypes of P.syringae pv lachrymans existed, all differing 

in their specific antigens. 
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Figure 1 

A. 

C.. 

E. 

Gel doub l e diffusion r eactions of bac t e rial i sola t es a gainst 
? . syr ingae pv tomato and P. c-ichorii a nt ise ra. 
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A and B Whole cell antigens of P.syringae pv tomato 1-10 in the 

corresponding wells, P. cichorii 1 in well 11 and, a Pseudomonas 
species 11 in well 12, against a 1:4 dilution of antisera (a) 
to P.syringae pv tomato. 

C and D Heat stable antigens of:- P.syringae pv torrato cultures 1-10 
in the corresponding .wells, P.cichorii 1 in well 11 and, a 
Pseudomom.s species . 11 in well 12 against a 1:4 dilution 
of antisera (a) to P. syringae pv t orrato. 

continued ... 
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E. Whole cell antigens o f : P.syringae pv tomato c u ltu res 1,2 and 
7 in the corresponding wells, P. ci.chorii cultures 1 and 2 
in we lls 11 and 12 respective Jy and a Pseudomonas species 1 1 
in well 13, against a 1:4 dilutio n of antisera to P. cichorii 
(b) 

F. Hea t stable antigens of P. s yri ngae pv torruto aga inst a l: L1 
dilution of antisera to P. c-ichorii (b). 
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If identification is to be based on serology it appears desirable 

to heat treat the pathogen to obtain a more specific reac tion . As 

the pathogen had to be pre-cultured, prior to heat treatment, 

it was considered more useful in thi s study to use the pure culture 

for more time consuming but simpler, accurate and sensi tive 

pathogenicity te s ts. 

2 .7 Taxonomy 

In 1963 Lovrekovich, Klement and Dowson introduced a paper with 

the following paragraph : "Of the phytopathogenic ps eudomonads the 

taxonomical po s ition of the specie s Ps eudomona.s syr·inga.e van Ha 11 

is the most debated. Bacteria exhibiting a very wide host range 

belong to this species. Thus a number of supposedly new bacterial 

species have been described which h ave turned out to be representatives 

of P. syr>1:ngae . There are indications that there are stil l bacteria 

denoted by separate names, which, however, probably also belon g to 

the Pseudomonas syringae species". 

Now, n early twenty yea rs later, the taxon omic position of P. sy1·ingae 

and related organisms is somewhat clearer but still much debated, 

despite a number of studies considering nomenclature and classifica tion , 

having been made (Garber and Shaef fer 1963 ; Lov r ekovich et al 196 3 ; 

Lelliott et a l 1966; Misaghl and Grogan 1969; Sands et a l 1970; 

Dye et al 1974; Young et al 1978) . 

In this study the taxonomy of Young et al (1978) has been adopted 

because in their paper they reported "When the Approved Lists of 

Bacterial Names a re published, to be effective from 1 January 1980, 

many commonly accep ted names f or bacterial pathogens will be 

discarded" . The a uthor of this thesis, considers thi s nomenclature 

and classification of the P.syringae group to be the most useful 

and accurate system currently available. Although this is the 

nomenclature and classification a t present in vogue a better system 

may be proposed in the future thus rendering the nomenclature and 

classification herein obsolete . 



A system of nomenclature and c l ass i f ication should:-

(i ) accurately and unambiguously, yet simply, name a nd classify 

a pathogen and, preferably i denti f y its pa thogenic ability ; 

(ii) be used a nd accepted interna tionally; 

20. 

(iii) be ad a ptable, accomodating new isola t es o r cha n ges as further 

developments requir e ; 

(iv) classify by similarities. 

The following comments are per t i n en t to t h ese point s : 

(i) The out - dated system accurate l y and unambiguously named, 

classified and indic ated the pathogenic ability of P. syringae pv 

[;cma-t:o 3S Ps cudomonas /f,;,r,oi.o . It did not alwa ys i.ndicate th is 

for other pseudornonads. The new trinornial nomenclat ure and 

c lassification does litt le to improve this alth011gh it usually 

does name, classify and indicate the rathogenic ability of th e 

pa thogen. I n addition this system does :invalidate many names 

which are either synonyms or unapr r ovecl. 

(i.i) The old binomial Pseud.omona .'J tomatc was geneu11ly accepted 2nd 

used world-wide, although some authors preferred T>se·udomonas 

punctuwns (Bryan 1933; Neergaard 1977). The trinornial system 

is onl y likely to be implemented slowly. 

(iii) The out-d ated classification sys t em was unable to readily 

a ccomodat e n ew isolates, without proposing new species . 

This inflexibility of the system has been respons ible fo r 

the accumulation of a large number of Pseudomonas s pecies 

over the years . 

Many pathogens were na med twice and v e ry closely related bacteria 

were class i f ied as sepaTate species . In the n ew system the 

number of Pseudomonas species has been reduced from over 220 

(Dye et al 1975) to less than 70, i ncluding both species and 

pathovars (Young et al 1978). The infrasubspecific term, 

pathovar, implies some relationship with the t ype strain (Young 

et al 1978). New isolates can be classified as pathovars of 
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simila r type st ra ins and, if no similar t ype strain exis ts, be 

proposed as a new species. 

(iv) The ma in difference between the old and n ew nomenclat ure and 

classifica tion systems is the method by which pathogens are 

divided . In the out-dated system the b ac ter ia were classified 

by differences. If a pathogen differed in any way from other 

species it was classified as a new spec ies . In the new system 

classification is by similarities. Thu s the pathogen is classified 

as a pathovar if a close ly r elated t ype strain exis t s . Even 

using the old system the plant pathogenic pseudomonads were placed 

into groups by similarities in determinative tests. This 

grouping of the pseudomonads by similari ty was used by various 

au thors prior to the i nt roduction of t he Approved Lisi.:s of 

Bacterial Names on 1 January 1980 (Young et al 1978). 

Bacterial species are usually distinquished by nutritional a nd 

biochemical tests, serological t es t s ;-i n d pathogenicity tests . A 

number of r esearchers have worked on nutritional and biochemical 

tests for plant pathogenic pseudornonads, and accordingly P. sur-1>190.e 

pv tomato appears in their lists. 

Lelliott et al (1966) divided the fl uor escent phytopa t hogeni c 

pseudomon ads into five groups, on the basis of 12 biochemical and 

nutritional (LOPAT) characteristics . These gro up s were differen tiated 

primarily by the oxidase and levan r eact i ons . Pseudomonas syringae 

pv tomato is found in LOPAT Group I, along wit h a number of other 

species f rom which it can not be distin guished by performing the twelve 

tests. All species in Group I have been reclassified as pathovars 

of P. syringae in the new n omenclature and c l assification sys tem 

of Young et al 1978. 

Misaghi and Grogan (1969) divided fluore scent plant pathogenic 

and saprophytic pseudomonads into two groups , wit h each group being 

further divided into two sub-groups on t he basis of 86 nutritional 
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and biochemical t e sts. The divi s ion :i.nto groups I and I I was made 

pr i marily on the argin ine dihydrolase r eaction. Sub-group IA 

included P.syringae pv tomato and other Pseudomonas species , all of 

which have been recla ss if ied as pa thovars of Pseudomonas sy1'1:ngae 

in the new classif ication and nomenclatur e system . Sub-group 1B 

contains P. ciehor,ii and P . viridfl-ava because they d if f e r in oxidase 

or levan r eaction . 

The percentage similarity was determined fo r al l the isolates on 

the basis of the 86 nutritional and biochemic al t ests (Misaghi and 

Grogan 1969). The similarity of P . ayr·ingae pv tomato to o th er pathovari 

of the type strain is shown in Table 1. 

Table 1: Perc entage similarity of P . .syY'inwre pv tomato to other 
pathovars of the type strain on the basis o f 86 
nutrit iona l and biochemical test s 3 . 

P. syringae pv 

tcrnato 

(Condensed and revised from Table 13 Misaghi & Grogan 
1969 ). 

omseo-
7 • , 
l-LCOl-Q 

81 

. b 
q l y,_:'?..nea 

77 

P. syrinqae pa th ova rs 

la, ;'Jn,umnnr; ,c; J'' i nucw wwr·­
stanoie 

75 81 78 

7 
' - , (l 

,:0./Jac:1-

75 

.e 
rnor1.. 

83 

aEach figure at the intersection of two pathovars is indicative of 

the ir percentage similarity. Th e hig her the percentage the g r ea ter 

the similarity 

b Pseudomona s syringaep,, glyci nea (Coerper ) Youn g , Dye & ihlkie 

c Psev.domorias syringae pv savastanoi (Smith) Young et al 

d 
syringae -tabaci et al Pseudomonas pv (Wolf and Foster) Young 

ePseudomonas syringae pv mori (Boyer and Lambert) Young et al 
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Sands et al (1 9 70 classified P. syPingae p:1 tomato a nd a lar ge 

number of phytopathogenic pseudomonad isolates into Group I by thei r 

slow growth rates or by the argin i n e dihydrolase tes t. Group I 

isolates were al l oxi dase negative, with the e xception of P. cichoPii~ 

and have since been rec lassified as pathovars of P.sy1'ingae (Young 

et al 1978). The Gro up I phytopathogenic pseudomonads were divided 

into sub-groups, on the basis of 188 t ests. Although each sub-group 

corresponded with a species, some s ub-groups c o ntained more than one 

species due to similarities in test results (Sands et al 1970) . 

The inability of Lelliott et al (1 966 ) an d Sands et al (1970) to 

distinguish between species in Group I , by the use of nutritiona l or 

bioc hemical tests, a n d the demonstrat ion of a high percen tage 

similarity between species of Group I by Misaghi and Grogan (1969) 

indicates that all these ' separate species ' are often indistinguishable 

by use of nutri tional a nd biochemical test s. Furthermore they would 

be more accurately class:i fied as pathovars of Pscudomonas S'.P''-·nqae. 

Nutritiona l an d biochemical tests are not the only way ps eudomo n a ds 

can be identified . Serology and phage sensitivity te s ts a r e often 

very sensi t i e and specific methods providing useful information on 

the identi ty and relationship of bacteria . As mention ed ea rlier, 

heat -st able ant i gen s are more specific than heat-labile antigens in 

serological tes t s , althou gh some non-specific reactions wilJ occur . 

Twelve percent of the se rological reactions of antigens with the antisera 

of Pseudomonas syr,ingae pv pisi (Sackett) Young et al were non-specific 

while only one percent of the phage te s ts were non-specific (Taylor 

1972) . Lovrekovich et al (l963) reported that some s tra i n s of 

P.syringae pv syPingae have no common antigens while Pseudomonas 

syy,in.gae pv morsprunorwn (Wormald) Young et al and P.syringae pv 

syringae were often indistinguishable using either serological, 

n u tritional , o r biochemical tests. Pseudomonas syringae pathovars 

can be identified by gel double diffusion tests but the range of the 

serological variability of each pathovar nee ds to be determined 

before it can be used with confidence (Lucas and Grogan 1969). 
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Klement (193) reported that because of the similarity of 

biochemical properties, colony morphology, antigenic s tructure and 

phage sensitivity tests, pathogenicity testing is the sole reliable 

method of identifying plant pathogenic pseudomonads . From the 

above discussion it is obvious that P. syringae pv torrnto can not be 

accurately identified by determinative tests alone . It is also 

probable that any identification made using serology or phage 

sensitivity would not be entirely accurate . Thus, at present, the 

only way an accurate identification can be made is by way of 

pathogenici t y tests . If new detenninative tests are developed which 

express different relationships then these may, not only aid 

identifica t ion, but could also result in a change in nomenclature and 

classification of fluorescent pseudomonads. 
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3. SEED - A SOURCE OF PRIMA RY INOCULUM? 

3.1 Int rodtlction 

Because tomatoes are a rela tively short term crop it is important 

that the pathogen remains in a viable sta t e between crops so that it 

can act as primary inoculum in the new crop. Tomato seed may provide 

such a source of primary inoculum. 

P.syringae pv tomato was first report ed to be seedborne by Bryan 

(1933), who observed dark lesions on the cotyledons of seedlings 

soon after emergence when 'inoculat ed ' seed was planted in clea n soil. 

Alstatt (1944) associated the high percentage of plants infected 

with bacterial speck with the fact that the grower did not ' treat ' 

his seed. Although Reid (19L,8) d oes not s t ate that th e disease is 

seedborne, his t erminology implies that th e high percentage of seedU.ng 

infection observed was due to the use o f imported , infeste d seed . 

Basu (1966) recognized that bacterial speck was causing problems in 

nursery si tua tions but did not suggest what the source of primary 

inoc:ulum was. 

Grogan et al (1974) develop ed enrichment culture techniques 

enabling detection of 1 artificially inoculated seed in 10, 000, but 

this technique gave negative r esult s in attempts t o isolate 

P. syringae pv tomato from eight commercial scedlines suspected o( 

harboring the pathogen. Bacterial speck was not detected on any 

plants grown from artificially infested seeds, even when plants were 

incubated under environmental conditions believed to favour speck 

development. However, the pathogen could be recovered from the 

seed . Grogan et al (1974) concluded that although P.syringae pv tomato 

may be present in commercial seedlots, it is probably not the 

primary source of inoculum for speck epidemics; therefore, seedborne 

inoculum is probably not important in the year to year occurence 

of bacterial speck. However, they do suggest that the organism may be 

initially introduced into a new area in association with the seed, 



and tha t this could then be followed by a population increase pr ior 

to the appearance of a speck e pidemic. 

Cha mbers and Merriman (1975 ) isolated P. syringae pv tomato 
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from seed, h a nd extracted from tomato fruits infec ted with bacter i al 

speck. They were unab le t o i solate the speck organism from seed 

ext racted from t he fruit by either acj_d or fermentation pro cesses. 

the two me thods most regularly used to ext r act tomato seed . 

Al t hough there was no conclusive evidence available which 

associates the occurence of speck with the pathogen being seedborne, 

many researchers believed the pathogen to he seedborne. Tate and 

van der Mespel (1976) reported that the bacteri um overwintered in 

seedlines and these contaminated seedlines resulted in seedling 

infection in the nurse ry but no data is avai l able to support their 

claims. 

Schn eider and Grogan (1977a) repor ted the sources of inoculum for 

the sporadic epidemics in process ing tomato es in California had not 

been identified , bu t attempts to demonstrace the presence of the 

bacteria in seedlines, in earlier unpublished work , were unsuccessful . 

They went on to suggest the speck organism was soilborne or ubiquitous . 

Ne ergaard (19 77) in a s urvey o f seedborne bae teria list ed P. punc:tul.cms 

(a synonym of P. syy,ingae pv tomato), citing the work of Reid (191-18) . 

Reid's work did not justi fy t he conclusion that the pathogen was 

seed borne. 

The lack of any conclusive evidence that P. syringae pv torrato 

is seedborne, or that other sources of primary inoculum exist in New 

Zealand, demonstrated the need for work to identify the sources of 

primary inoculum. 

While this research was in progress Bashan et al (1978), in 

Israel, detected the speck organism in 2 out of 3 commercial seedl i nes 

tested. Infected seedlings were regularly ob tained fr om the germination 

of these two s eedlines whe reas those grown from clean seed, under the 
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same conditions, were disease free. These researche rs believe t h e 

bacteria are surface contaminan t s as the y we re unable t o isolate the 

pathogen from seeds , or the r e sultant seedlings wh e n the s eed wa s 

'surface sterilised' using an infiltration techn i qu e . More r ecently 

Kim (19 79) reported that seeds carrying P. s yr ingoe pv tomato 

produced plants with leaf symptoms in one month a t 17--2 6C in a moist 

chamber. 

Muc h of this study has concentrated on trying to estab lish the 

possible importance of seedborne spread of P.syringae pv tomato 

in New Zea land . The association of any pathogen with the seed i s 

import ant for the followin g reasons: 

1 . It al l ows the pathogen to remain in constant ass o c i a tion with a 

susceptible host . 

2 . It enables the pathogen to survive in the ab sence of s us cep t i b le 

host plants. 

3. It enables the wid espr ead dispe r s al of t he pa thogen . 

Man y bact e r i al pL:m l pa thogens r1 r e SC(:' dbo r ne i ncludi. ng man y of 

the fluor escent ps eud omon a cl s whi ch are r losely rt'.1a t ed t o P . s_:,p"it11Joe 

pv t o1:1ato viz: P . syPinr7ae pv syr•ingae, P. ,'f ":_ji"'inq:1 e pv i.:aL:c:i 

P.syr i n.gae pv phaseolicola . It s eems lo gic a l t o pos tul ate t ha t 

P. syr•i ngae pv toma t o could also be see clborn e . If the s pe ck orga nis m 

was see dborne thi s could e xplain the widespread di st ribut ion an d 

regular incidence of the disease, both in the nurs ery a nd i n the fi e ld . 

There are 3 requirement s for a pathogen to be seedborne: 

1. Transfer from the plant to the seed i.e. ei ther contamination or 

infection o f the seed. 

2. Survival of t~e pathogen in association with the seed between 

harvest and sowing. This step may requi re the pathogen to survive 

some seed treatments . 

3. The infection of either seedlings or older plants via inoc ulum 

associated with the seed. 



The possible seedborne spread of the P. syringae pv tomato 

is considered with regard to these 3 requirements . 

3 . 2 Plant-Seed Transfer 
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This study only aims to estahlish that plant-seed transfer can 

occur in a natural situation, not how the pathogen becomes associated 

with the seed. Prior to establishing that P.syringae pv tomato 

can be associated with the seed it was necessary to develop techniques 

for isolating the pathogen from seed and identifying it, either while 

still in association with the seed or f ollowing isolation from the 

seed. All isolation and identification techniques were teste d for 

sensitivity, accuracy a nd usefulness utilising artificially i noculated 

seed . 

3.2.1 Inoculation of Seed 

Bryan (1933) reported that infect ed seed lings were obtained when 

seed inoculated with P.sy1'irtgae pv tomato was planted in clean soil. 

There was no refer e n ce to the method used to inoculate seed . Grogan 

et al (1974) used artificially contaminated seed in attempts to 

demonstrate seedborne spread and to art ificial ly infest seedlines 

but again the method of contamination was not reported. 

In this study two techniques were successfully used to artificia lly 

inoculate seed ~ and a further two techniques, intended to more closely 

simulate how the pathogen could become associated with the seed in a 

natural situation, were unsuccessful. 

(a) Artificial contamination 

Materials and Methods 

The seed of five tomato cultivars 'Castlong', 'Dorchester ', 

'Scoresby', 'UC134' and 'VF 145-B-7879' (the origins of all seedlines 

used in this study are shown in Appendix II) were artificially 
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contaminated with P. syringae pv tomato in the followi ng ma nne r: 

A l oq> full of a virulent stra in of the pathogen was added to lL, ml 

of King's B medium broth (Ki ng et al 195 4 ) in a wide neck McCartney 

bottle and incubated at 25C for 24 h . Two 4g samples of surface 

sterilise d (70% ethanol for 10 mi nu t es) tomato seed of eac h v a ri e ty 

were added to the broth cu lture a nd incuba ted at 25C for either 

24, 28 or 72 h. Thr ee replicates of each va riet y were made fo r 

each time interval. At the appropriate time seed was removed from 

the broth a nd dried on blot t i n g paper at room tempera t ure . Following 

incubation some seed from ea ch r eplicate was surface s t eri lised in 

an a t temp t to es t ablish the nature of the association of the 

pathogen with the seed . Isolations were made from a ll replicates 

to dete rmine the most appropriate i ncuba ti on interval , the effec t of 

s urface s t erilisation, and the susceptibility of dif fe rent varieties 

to a rt ificial contamination . 

Res ult s and Discussion 

The pathogeri was isolated fr om 'Ca stlon g', ' Dorchester ', 'U C 134 ' 

and 'VF 14 5-B-7 879' but not from ' Sc oresby ' see d (Table 2) . 

Table 2: The ef f ec t o f inocu lation t r eatmen t on th e artifjcial 
con tamination of tomato seed 

Inoc ulation Treatmen t (hours incuba tion) 

Variety 24 48 72 24+ 48+ 
Surface Surface 
ster. ster. 

'Dorchester ' + + + + 
' Cas t long' + + 
' VF 145-B-7879' + + 
'UC 134 ' + 
'Scoresby' 

+ = P.syringae pv tomato was recovered from seed 

P.syringae pv tomato was not recovered from seed 

72+ 
Surface 

s t e r. 

+ 
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The ' Sc oresby' seed was treated with the f ungicide 'Spergon 
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and although the seed was thoroughly rinsed prior to i noculation 
R 

it is possible the Spergon treatment had a bactericidal effect 

(see seed t reatments), thus explaining why the pathogen was not 

recovered f rom this seed line . 

The pathogen was r ecovered from the other 4 seedlines after 24 h 

but not always after longer incubation periods. More contaminant 

bacterial colonies were evident in the i solates from long incubation 

periods than from shor t incubation times . The short incubation 

times probably did not allow the contaminant bacteria time to 

establish and compete with the pathogen. When longer incubation 

periods were used any contaminants present probably compe ted more 

successfully with the pathogenic isolate. Cont aminants probably 

became associated with the seed when it was dried following surface 

sterilisation . 

The pathogen was recovered from 5 % or 2 of the 36 isolatinns 

mad e from ' Dorchester ' , ' Castlong', 'VF 145-B-7879' and ' UC 134' 

seed which was surface sterilised following inoculation. This 

indicates that the pathogen was usually associated with the s e ed 

in such a way that s urface sterilisation ina c tivated the barteria. 

The pathogen was most consistently recovered from ' Dorchester' 

and 'VF 145-B-7879' seed so all furth e r artjficial con t a mL n;i ti on work 

was done by incubating these varieties in a 24 h King ' s B medium 

broth culture of the pathogen, at 25 C for 24 h. 

(b) Vacuum infiltration 

A rapid inoc ulation method, resulting in a high percentage of 

seed becoming infected or contaminated, would be of greater benefit 

in future study than the artificial contamination method. Schaad 

a n d Kendrick (1975) artificially inoculated crucifer seed with 

Xanth.omonas campestris pv campestris (Parmnel) Dowson by a vacuum 

infiltration process . The seed to be infiltrated was secured to 

the ba s e of a petri plate with double stick tape and l i.i 1 of the pathogen 

suspension was vacuum infilti'ated through a small hole made in the 

seed coat . 
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Materials and Methods 

In this study the technique of Schaad and Kendrick (1975) wa s 

modified to enable rapid inoculation of large numbers of seed . 

Initially seed to be vacuum infiltrated was injured by placing a 

small hole in the seed coat with the tip of a sterile needle . 

Later this injury process wa s dispensed with as it was extremely 

time consuming and had a detriment al effect on seed germination. 

The seed to be inoculated and a concentrated bacterial suspension 

of P. syringae pv tomato were put in a McCartney bottle . 

The bacterial suspension was prepared by flooding a 24 h aga r 

culture of the pathogen with sterile wate r. The bacter ial growth 

was scraped off with a sterile loop and the resultant suspension 

was added to the McCartney bottle at the rate of l µI/seed or 

0.5ml/g as there are approximately 500 seeds/g . 

The seed-bacterial suspension mixture was placed under vacuum 

fur 2-Jh. Further drying of the seed on blotting paper , at room 

temperature or in a 16C refrigerated incubator, was usually 

necessary . Results obtained with this inoculation process were 

de termined, by use of the Cookes rnicrotitrc plate sys tem rlescrib~d 

in Section 3.2.2 . 

The percentage of infested seed in the five inoculated seedlines, 

'Dor chester', 'Fireball', 'UC 134', 'VF 145-B-7879' and ' Scoresby ' 

was determined following vacuum infiltration. The number of 

seeds tested in each seedline varied according to the availability 

of the seedline and the success of the infiltration process. 

Results and Discussion 

The percen tage of seed from which the pathogen could be recovered 

varied with the different seedlines (Table 3). Although it was 

expected that the pathogen would be recovered less regularly from 

uninjured seed than from injured seed this was not the case (Table 4) . 
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Table 3: Recovery of P. syringae pv tomato from five vacurnn 
infiltrated seedlines 

Variet y 

'Dorchester ' 

'Fireball ' 

'UC 134' 

' VF 145-B-7879' 

'Scoresby ' 

Tota1 number 
of seeds tes ted 

1056 

288 

192 

1152 

384 

Total number of 
seeds from which 
pathoge n was 
re - isolated 

219 

3 

83 

646 

0 

Pe-rcentage of 
seeds from whic h 
th e pathogen 
was re-isolated 

20 . 7 

1.0 

43.3 

56 . 0 

0 

Table 4: Re cove ry of P. syPingae pv to111ato from i nju red and 
un i nju red vacuum infiltrated ' VF 145-B-7 879 ' seed 

Tr eatmen t 

injured seed 

uninjured seed 

Total number 
o f seeds t ested 

960 

19 2 

Total number 
of seeds from 

Percentage of 
~;eeds from 

whirb pathogen which pathogen 
was re-isolated was re - isolated 

52 7 

119 

S!.1. 8 

62 . 0 

Vacuum infiltration resulted in high percentage infestations of 

' Dorchester ' , ' UC 134 ' and 'VF 145-B-7879' seedlines. 'Fir eball' 

seed was very difficult to vacuum infiltrate and all att empts to 

vacuum infiltrate ' Scoresby' seed, which had b een treated with th e 
R 

fungicide Spergon , were unsuccessful. 

R 
Spergon may have bactericidal activity, thus explaining the 

difficulty encountered in all attempts to vac uum infiltrate thi s 

seedline . The 'Fireball ' seed had not been treated so the difficulty 

encountered in a ll attempts to vacuum infiltrate this seedline can 
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not be readily explained. 'Dorches t er ' a nd 'VF 145-B-7879 ' seedlines 

were used in most subsequent work because high percenrage infestations 

resulted from vacuum infiltration and both seedlines were readily 

avai labl e . Although a hi gh percentage infestation result ed with 

vacuum infiltrat ed ' UC 134' the supply of this seedline was limited. 

Contrary to expectat ions , injury did not appear to increase th e 

success of the vacuum infiltration process. In this tr ia l a 

higher percentage of infested seed resulted when the seedcoat was 

not injured justifying the omission of the time consumin g injury 

process from the vac uum infiltration process . 

(c) Fruit Inoculation 

In recent years some attempts have been made t o establish 

whether P. syr'·inqae pv tomato can systemically infect tomatoes 

Grogan et al (19 74) reported that although the pathogen could 

be recovered from necrotic spots on the roots it did not invade 

the plant systemically. Bashan et al (1978) also concluded that 

bacterial speck was a local-lesion, rather than a systemic disease . 

If this is correct then the only way the pathogen ca n infest the 

seed is fr om infected fr uit or fol iage . In t hls work attempts were 

made to obtain natural association of the pathogen with the seed 

by fruit inoculation. 

Bryan (1933 ) reported that speck lesions developed when young 

fr uit were swabbed with a water suspen sion of the speck organism 

or when the fruit were thrashed with a leaf and sprayed with th e 

s uspen sions . Both these inoculation methods injure the fruit 

hairs through which the bacteria are presumed to penetrate. 

Materials a n d Methods 

In this study disease-free 'Moneymaker' fruit were picked at 

the early green stage and inoculated with a virulent isolate of 

P.syringae pv tomato by swabbing with a cotton wool bud . Inoculated 

fr uit were placed under high relative humidity at 25C and observed 
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for lesion production. 

Mature seeds can not be extracted from immature fruit so attempt s 

were made to inoculate disease-free maturing 'Moneymaker' fruit in 

order to extract mature seed. Ten fruit, varying in stage of 

maturit y from middle green to early red, were collected from a 

glasshouse crop , showing no evidence of bacterial speck , and each 

sample was inoculated in one of the followi ng ways: 

(i) A concentrated suspensi on of F. syringae pv tomato was 

carefully injected under the fruit' s epidermis by use of a sterile 

syringe a nd a sterile 25 gauge hypoderm ic needle. Fruit were 

injected with sterile water as controls . 

(ii) The fruit we re injured by scratching with a sterile needle 

and a concentrated suspension of th e pathogen w;-is rubbed 011to t he 

fru it with a cotton wool bud . Controls were sc r atc hed and 

inoculated with sterile water. 

(iii) A concentrated suspension of the pathogen containing cel it e 

was rubbed onto the fruit with a cotton wool bud . Controls were 

inoculated with a suspension of sterile water and the abrasive in 

the same manner. 

(iv) A concentrated pathogen suspension was rubb ed onto the fruit 

using a cotton wool bud. Controls were similarly treated with 

steril e water. 

All fruit were incubated at 25C at a high relative humidity by 

placing them in sealed plastic containers containing damp blotters. 

Controls were placed in separate containers. 

Young, early red stage disease-free 'Moneymaker ' fruit were 

also inoculated while still attached to the plant in the same 

manner as above. Following inoculation each fruit was wrapped in 

a plastic bag, to prevent disease spread to other plant parts and 
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to create a high relative humidity favour ing disease deve lopment . 

Inoculated fruit were kept until maturity or until isolations 

for P.syringae pv tomato were made. 

Results and Discussion 

Only a few bacterial speck lesions, small, dark round pustules 

usually l-2mm in diameter (Plate 7 & 8) (Bryan 1933) , (Dye, 1975), 

appeared on 1 Moneymaker 1 fruit inoculated at the earl y green 

stage in the laboratory, after 7-10 days incubation. These 

lesions were readily removed from the fruit with a ster ile needle, 

ground in sterile water and streaked to King's B med ium . After 

36 h at 25 C colonies typical of P. syr-i'.ngae pv tomato developed 

on culture plates. Subsequent pathogenicity tests were pos itive 

but because the frui t were immatur e no mature seeds we re extracted . 

No lesions typical of bacterial speck developed on any of the 

mature fruit inoculated in the l aboratory. However, the pathogen 

was is o l ated from fruit, inoculated by injecting the bacterial 

suspension under the e pidermis, both 2 and 4 weeks after inoculat ion. 

The failure of the pathogen to cause sympt om production in older 

fruit is in keeping with the findings of Bryan (1933) . 

No fruit lesions developed on any of the fruit i no c ulated in the 

glasshouse, but foliar, lesions developed on any sepals leaves or 

petioles enclosed in the bag . . The pathogen was readily isolated 

from all foliar lesions and all fruit inoculated wi th the pathogen 

after both 3 and 6 weeks . The pathogen was not isolated from any 

of the controls. 

As symptom production only occurred on fruit detached from the 

plant and inoculated at the early green stage it was expected that 

symptoms would also develop on fruit inoculated at the early green 

stage on the plant. However, this did not occur because sepals 

and petioles were so susceptible to infection that premature fruit 
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Pla te 7: Bacterial speck lesions on naturally infected tomato fruits . 



Plate 8 : De l ayed maturity a r ound the bacterial s peck lesions 

on a nat ur ally infected tomato fruit, 

37 . 
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dr o p a nd r ot occur re d in the artificial incubation conditions. 

Unfo r t una t ely i t was no t possible to incubate inoculated fruit 

wi thout covering t h em as it was necessary to preven t spread of the 

d i sease t o othe r fr uits in the commercial glasshouse crop. 

It had been hoped t hat artificial inoculation would result in 

a l a r ge number of infected fruits with a high percentnge of each 

individ ual frui t being infe t ed . Ha d a high percentage infectLon 

res u lted then possibly some of the seeds harvested from the fruit 

may hav e been infested enabling the use of naturall y inoculated 

seed in subsequent work. 

(d) Natural inoculation 

Although a high percentage of seeds ca n be infectul by arrificL,11 

i1oculation methods, a method simulating what may occur in nnturc 

would be advantageous in this work. Because attempts to obtnin seed 

infe s tation by i.noc:ulating the fruit \,'ere largely tmsucccssful. 

the following seA<l inoculation method w~s tried. 

Materials and Methods 

One gr am of leaf material, with lesions typic a l of P . .sy-rin(-!rW pv 

tomato, was placed in a McCartney bottle containing 2 ml of sterile 

water . A gram of ' VF 145 - B-7879 ' seed was add d to each bott l e 

and i ncubated fo r 48 hours at 25C. Seed wa s separated from leaf 

t is sue , dri e d and a tt empts were made to isola t e the pat hogen by use 

of King ' s B me dium bro th. 

Result s a nd Discussion 

The pa tho g en was n o t is olated from any seed in the ten rep licas 

a nd as a res ult n o f urthe r work was don e using t h is technique . 
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Conc l usion 

This work on seed inocula ti on methods shows that a high 

pe r centage infes t ation occurred when s eed was vacuum infiltrated. 

The pathoge n was also recovered from seed which was artific ially 

co n tamina t ed ind i cating t hat the pathogen can survive in association 

with the seed . The percentage association was not determined. 

The pathogen was regu l arly isolated from vacuum infiltrat ed seed 

and because of the rapidity and the repeatabilit y of vacutrn 

infiltration, this process was usually preferred to artificial 

contamination method s . Artificial contamination was used in some 

of the initial work prior to the perfection of the infi ltration 

process. 

An inoculation method, simula ting the possible nalural association 

of the pathogen with the seed would be advantageous to this stLdy 

as it would enabl e all work with inoculated seed tn be more closely 

related to what may occur naturally. Bec;.i11se tvJO methods lntending 

to simulate this were trie. wi thout success, vacuum infj_ltration 

was used in most ecd inoculation work. 
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3.2 .2 Isolation and Identification from seed 

A number of techniques were experimented with i.n au nttc-mpt tc, 

d evelop a method which could be used to isolate and/or identify the 

pathogen, when it is beJieved to be in assocL1tion with the seed. 

Such a t echnique should , primarily, be accurate for all i dent Lfications . 

However, other criteria including s nsitivity, simplicity , rapidity 

a nd repr oducibility of the metho d should also be considered . In 

this work all t echniques were ini tially tested, using artificia lly 

infested seed , to determine the efficiency of the techn ique . If 

the method was successful it was then te sted with naturally infested 

or c ommerc ia l seedlines. 

(a) Seed germination 

Many seed-borne pathogens and, in particular, some bacteria, 

ca n be r ead "ly detected from seed by germination tests . Germination 

of seeds und e r conditions favouring the dcvelopment of disease on 

the seedlings may demonst rat e the presence or absence of the pathogen 

in a seedline . However , it would not acc1irately idcnt i.fy the numhcr 

of seeds infested as diseased seedlings may not result from all 

infested seeds and spread between seedlings may occur soon Afte r 

germination. 

Br yan (1933) reported that infected cotyledons resulted when 

seed, contaminated with P. syringae pv tomato, was germinat ed . Als r att 

(1 944), Reid (19 48), and Chambers and Merriman (1975) implied 

diseased seed lings resulted from the associat ion of the pathogen with 

the seed. H wever, work by Grogan et al (1974) failed to demo n s trate 

the presence of the bacterial speck organism on any plants grown from 

artificially contaminated seed. After the commencement of this 

study, Bashan et al (1978) published a pape r whic h suggested t he regu lar 

app earance of inf ec ted seedlings, germinated from 2 out of 3 commercial 

seedlots, was due to presence of P.syr>ingae pv tomato as a sur face 

contaminant on the tomato seed . More recently Kim (1979) reported 
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that seeds carrying P. syringae pv tomato produced infected plants 

af t e r one month in a moist chamber. 

Materials and Methods 

vi z : 

Five hundred seeds o f each of sev en comrnercL:il tomato cultivars 

'Castlong', 'Dorchester', 'Fireball ' , ' UC 134' and 'VF 145-B- 787 9 ' 

and t wo ' Scoresby' seedlines were germinated at 2O- 25C in so i l in 

a glasshouse, in soil in a mist chamber at 25C and on b otters in a 

' Copenhagen ' seed g erminat ion tank at 25C . 

Five hundred s eeds of each of four. of these seedlines, 'Castl ong ', 

' Dorchester', 'UC 134', a n d 'VF 145-R-7879' were vacuum infi]trated 

wit h the pathoge n and ge rminated in th e three en i ronments described . 

As well as these germinat i on tests, the germination of many thousands 

of tomat o seeds in two commercial nurseries , were observed at 

least once a ~eek throughout the late ~in t er and spring of 1979 . Five 

cult. iva ·s; 'Beefsteak', ' Grossf> Li~;se '. •~ionevmaker', ' Rcssi.an Red ', 

and ' Scoresby' were the mai variet ies being produced at these 

nurs e ri. es . 

Results and Discussion 

No lesions typical of bacteria l s peck wer e apparent on any of the 

cotyledons or first leaves of seedlings gennin a ted from the commercial 

or vacuum infiltrated seed l ines. No symptoms were apparent on any 

of the seedlings in the commercial nurseries until af t e r pricking 

o u t . The disease development on older seedlings can not be directly 

attributed to seedborne inoculum as other sources of inoculum 

may exist . 

Although no infected seedlings result ed from the germinat io n of 

vacu um infiltrated 0r commercial seed lines this does not imply 

the pathogen is not seedborne . The pathogen may only i nfec t the 

developing plant , from the seed, under certain favourabl e conditions . 
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All the germination tests indicate i s that germination of th e seed 

is probably of little use when endeavouring to i dentify i.nfested 

seedlines. 

(b) Direct i solation method 

A s ingle infested seed usually contains large numbers of 

pa thogenic bacteria (Taylo r 1978). These pathogenic bacteria 

can be readi l y isolat ed by extraction from the seed and plating o 

a s uitable me d ium, without prior i n cuba tion o r enrichmenl. The 

National Vegetable Research Station's (NVRS ) method for isola tin g 

from seed, as desc r ibed by Taylo r (1978), was used in this study. 

Mater ial s and Methods 

One hundred seeds (25 per sample) of each of 4 artif i cially 

contamin a t ed seed lines , 'Cast long', ' Dorchest e r', ' UC 1'14' and 

'VF 145-B- 7879 ', were gro und using a pestle and mortar i:l l1d the flour 

was s uspended in 1 ml of s t e r i l e distilled ~ate r. The suspens i on from 

each s ee d sample was streaked to 5 agar plates of King's B medium 

and incubated a t 25C for 36 h. All blue fluorescent colonies 

we r e t ested for oxidase production and a l l oxidase nega tive colonie s 

were tested f or pathogenicity to tomatoes. 

Results and Discussion 

The pathoge n was isolated fr om one sample of the 'Cast long ', 

' Dorchester' and 'VF 145-B-7879' seedlines , r espec tively . 

. 2 
Taylor (1978) report ed tha t the NVRS method will detec t 10 

bacterial/ml or will detect a single P.syringae pv pha,seolicoZa 

infected seed in 10,000. Although the sensitivity of this 

t e chnique was not tested for P. syringae pv tomato, the pathoge n 

was not readily isolated from the seed sample. Taylor ( 197 8) 

reporte d that the NVRS method had no serious l imitations for the 



detection of pla nt p athogenic ba cter i a . However, the lack of s ucces s 

o bta ined in its use to identi fy P.syr ingae pv tomato ma de it 

apparen t tha t a mo r e sensi t ive a nd acc ura t e t ec h n ique was req uire d . 

(c) Enrichmen t assay techn i ques 

A number of t echnique s usi n g en ri chme n t cu l t ure were tried . 

The usefulness of th e various me thod s to i so l at e a nd identify th e 

patho gen from artificially infes t e d seed was c onside r ed prio r t o 

the use o f a n y me thod in a ttempt s t o i s o l at e from natu r al l y 

in f ested s e e d lines . 

Tri a l 1 

Mate r ials a nd Me tho d s 

Ini t ially 20 whole, vac uum infil t rated or artificially 

c o ntamina t ed , s eeds of t h e 4 seed li nes used i n the NVRS method w~re 

p l aced direc t ly i n to King ' s B medium broth and incubated "it 2.">C 

fo r 24 - 30 h . After i nc ubation the broth was either streaked or 

dil u t ion plat e d to K·i ng ' s B medi um agar plates. After 1-2 days 

inc uba tion at 25C the plates w r e observ ed fo r f l u rescence under 

ult r a v io e t light . Blue f luor e scen t co lonies were tested for 

o xid a s e p ro duction a nd a l l oxid ase negative co l on i es were tested fo r 

pa thoge n ic it y to t omatoes . 

Re sults and Discussion 

P.syringae pv t omat o was regula r ly r e cove r e d from 'Dor h e st e r ' 

and ' VF 145 - B-7879 ' seedlines and was recovered from ' Castlong' 

and 'UC 134' on one occasion. 

This technique was successfully us e d to isolate and id e ntify the 

pathogen from artificially infested seed but, give s no indica tion of 

how sensitive the test is. A high pe rcentage of t h e seed in th ese 

sampl es may have been infeste d thus explaining t h e regular r e cove r y 

of the pathogen. 
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Trial 2 

The sensitiv ity of the above t echnique was tested , using both 

whole and ground seeds enriched in King ' s B med i um broth . 

Ma t erials and Methods 

' Fire ball' seed wag autoclaved (121 C for 1.5 ruins) a nd 

individua l 'VF 145-B-7879' seeds, known to be carrying the pathogen , 

we r e a dde d to the autoclaved seed sample at the following r ates : 

two vac uum infiltrated seeds per 500, 1000. 2000 , 4000 and 8000 

autoclav ed seeds . Five replicas of each sample size were made . 

Two replicas of each sample were groun d in a grinder and the 

flour added to 14 ml of King 's B medium broth in a McCartney 

bot tl e . The r emaining 3 replicas of eRch se~d sample were added 

directly to King's B medium broth. Autoclaved st~ecl \-'RS odclecl 

to King ' s B medium broth as a control . Al] samples were .· ncubat.e d 

fo r 2L1 hat 2.5C, dilution plated to King', B med·iumagar ond 

incubated for 1- 2 days at 25 C. All blue fluoresc e nt colonies 

were tested for oxidase production and oxidase negat i ve colonies 

we r e tested for pathogenicity on tomato seed lings. 

Results and Discussion 

The pathogen was only recovered from the samples containing 

2 seeds/500 whole autoclaved seeds and f r om one sample containing 

2 seeds/2000 whole autoclaved seeds . (Appendix IV, Table 30). 

Although the pathogen was detec ted from only two samp l e sizes 

a more s ensitive , more readily repro ducibl e technique is required 

if the low percen t age infestation, which probably occurs in a 

naturall y infested seed line , is t o be detected. 
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P.syringae pv tomato is slow growing compared to many co ntaminant 

bacteria, hence the pathogen may have been present in t he sample but 

was unable to c ompe te with the contaminant bacteria presen t . Tay l or 

(1978) considers it e ssential to avoid incubation or nrichmenl 

culture o f the seed sampl e as this favours t he growth of con tnminant 

bacteria . However , due t o the lack of success attained us in g the 

NVRS method , a selective or sen si tive enrichment culture technique 

appeare d mo r e promising for us e in isolation and ident if ication of 

the pathogen fro m the seed. Accordingly fur t1er efforts were made 

to develop a more sensitive and select ive enrichment culture 

t echnique . 

Trial 3 

Materials and Methods 

Vacuum infil trated ' VF l/~5-B-7879' seeds , known t o he 

carr y ing the pathogen , we re mixe d with autoclaved ' Fir -ball' 

seeds at th e following ra tes: 10 seeds per 500 , 1000, 2000 and 

4000. Ten replicas of each s~rnple size were gro und inn grinder 

and the flour wa s adde d to sterile water at 250 g/1. Two 

replicas of each s amp l e size were added di r ectly to sterile water 

a t the same r ates . The controls we r e p r epared by adding 2 rep l icas 

of 500 ground, a uto claved seeds to sterile water an d by adding 

approxima tely 50 bacteria from a 10 3 
ce l l/ml bacterial suspension 

of P.syringae pv torruto to 2,4,8 and 16 ml of ster il e water, 

All water s uspensions were shaken overnight on an orbital shaker 

at 80 r pm and the n filter e d throu gh Whatman No . 1 filter paper . The 

resultant suspension was spun for 10 min at 12,000 g. The 

supernatant was poured off directly onto King's B medium agar plates 

for some of the ground s e ed samples and was discarded for all other 

samples. The pellet was re-suspended in D4 bro th , incubated 25C 

for 24 h a nd sub-cultured to 6 King's B medium agar plates. All media 

plates were incubated 25 C for 1-2 days and blue fluorescent colonies 

were test e d for oxidase production, with oxidase negative olonies 

being tested for pathogenicity. 
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Re s ults a nd Discussion 

Th e pathogen was only recov ered from the controls , in which 

approximately 50 bacteria were added to 2, 4 or 8 ml of ste rile 

water and from the supernatant li q uid from a ground seed sample 

containing 10 vacuum infiltrated seeds/2,000 a utoclav~d seeds 

(see Appendix IV, Table 31). 

Although this technique WRS used to isolate the pathogen from 

water samples in which the pathogen was present at appro ·imate l y 

5 . 5 bacteria per ml, it was only successfully used to isolate the 

pathogen fro m one seed sample known to be carrying the pathogen . 

The pathogen was detected in t h e supernatant of a sample, after 

incubation, but prior to the enrichment culture. 1\l though the 

selec t ive D4 medium was used, a large n11mher of contaminants 

were isolated . Any of the slow growing P. syY-ingae pv tom,:.to 

presen t in the culture would probably compete unfavourably with 

the contamin an t bacteria . I t had be.en hoped that th e use of DL1 

broth, which shows some selectivity for pseudomonads, would have 

reduced the problem encountered ith contaminant bact e ria in 

previou s tests . 

The suspension ob t ained after filtration was spun to 

concentrate most of the bacterial cells in Lhe pellet and the 

supernatant was sampled to determine if all the cells had been 

pelleted . The pathogen may have been isolated from the supernatant 

because the bacterial cells were less concentrated so each individual 

cell produced colonies on King I s B medium agar and P. syringae pv 

tomato was not excluded due to competition. 

If an enrichment culture technique is to be useful in the 

isolat ion and i dentification of the pathogen from th seed it is 

obv ious i t will need t o be more selective and sensitive than the 

me t hod u sed and reported herein . 
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Trial 4 

Schneide r (pe rso nal communication 19 79) was a b le to isola r e 

P. syringae pv tomato f r om a s ample, conta ini n g 1 artific ia l l y 

infested s eed i n 10 ,000 , usi ng a t e chnique s i milar to that ou t lined 

in t his section . 

Materials and Met h ods 

Vacuum infiltrated ' VF 145-B-7879' se e d, kn own t o be c~ r ry i ng 

the pathogen , was mi xed wi t h a comme r c ial s eedllne ' Fi r e ba l l ' 

(believed to be patho gen free) a t the f ollowi n g r a t es : 8 seeds /500, 

1,000 , 2,000 , 4,000 a nd 8 , 000 seed s ; 4 see ds / 8 ,000 seed s ; 2 s e e d s / 8 , 0 0 0 

s eeds and 1 seed / 8,000 s ee ds. Two repli c a s o f eac h seed sample were 

added to 14 - 20 ml s of DL1 bro t h whi c h ha d been ma d e more se l ec ti ve 

b y the a dd it ion o f 2. 5 g/ 1 o f Li Cl ( i\ppe n cli x I) . Th e c omme r cia 1 

s eed lin e wa s a dded di r ec tl y to D4 b r o th as a cnn lro l . A ba ct erial 

suspension o f P. syPingae pv t omato was a l so added to D4 b r oth a t 

approx ima t e l y 40 0 hac t e r ia / 14 ml and 4 ba c teria/14 ml , t o pr ovid~ 

f urt er co n trols . Al l en ri. chme n t cultures we re inrubat c d on an 

orbit a l shake r at 80 rpm unt il t h e broth became cloudy , tur ned th e 

c o n s istency of a thin oil , o r f o r up t o 10 days . Each brot h cu lture 

was the n stre a k ed and d ilutio n pl a t e d to six D4 aga r pla t es and 

incubated a t 25C for up to 7 days . The D4 agar was mad e mo re 

dif ferent i al b y the aidition o f l ppm crystal vi o1 et . ( Appe nd ix I ). 

Schne i der (pers. comm . 1979) r e ported t ha t P. syri gae pv tomato 

p r oduce d distinct i ve colonies on D4 agar+ c r ys ta l viol e t so the 

d ifferential ability o f t he medium was de termined b y plating out 

3 isolates of P. syringae pv tomato (CJ, CS and C7), a n i.solate o f 

P. c1:chori-i (i ) , P. so"lanacearum and 3 c ontaminat ·ng i. s olat es 

(Il , 12 and 13) (Appendix III) and comparing colony morpho l ogy. 

Unfortunately all isolates, other t han P. so"lanacearurn wh i ch failed 

to grow, produce d colonies with simila r morphology af ter 3-4 d a ys . 
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All colonies from the seed sample which resembled P.syringae pv 

tomato in colony morphology, were sub-cultured to King ' s B medium 

agar, incubated at 25C for 1-2 days and observed under the ultraviolet 

light. Blue fluorescent colonies were tested for oxidase production 

and oxidase n egative colonies were tested for pathogenicity on 

tomatoes . 

Resul ts and Discussion 

The pathogen was read ily recovered from the con trol s when e ithe r 

400 or 4 bacteria were added to 14 ml of D4 broth (Appendix IV, 

Table 32) . 

Nei her the pathogen nor any contRminant bacteria grew on th 

D4 agar after enrichment c u l ture in D4 broth. Green fluorescent 

contaminant colonies were isolated from two of the eight samples 

when the D4 broth was dilution plated to King's B medium agar . 

The techni ci ue was successfully used to isolate and iden tif y the 

pathogen when it was 3dded to D4 broth in low concentr ations. The 

P. syringae pv tomato colonies did n ot have the dist inctive colony 

mor phology on D4 agar reported by Schneider (pers. comm . 1979) 

and the technique was not successfully used to detect 8 ar ti fic iall y 

infe sted seeds in 500 let alone the 1 artificially infested seed in 

10,000 reported . Why this technique faile d in thi s study is not 

known but, with the sensitivity of the technique experLen ced herein , 

it is obvious a more sensitive technique is required. 

Trial 5 

Materials and Methods 

Cooke ' s microtitre plates were surface sterilised by immersion 

in 70% alcohol for 10-20 min., and dried in a laminar flow cabinet . 

A few drops of King ' s B medium broth and one vacuum infiltrated 

' VF 145-B-7879', 'UC 134' or 'Dorchester' seed was added to each of 



t he 96 wells in the microtitre plates (Plate 9). The plates were 

incubated in stacks , at 25C £or 24 h with a sterile empty plate 

so . 

on the top to maintain aseptic conditions. After incubation 1 loop rull 

of each broth culture was streaked to a King's B medium agar plate 

divided into 12 sections (Plate 10) and incubated at 25 C for 1-2 days . 

All blue fluorescent colonies were te sted for oxidase production with 

all oxldase n egative colonies being te s t ed fo r pathogenicity to 

tomato es . Individual infested seeds were r emoved from the broth 

culture, dried and stored. 

This technique was used to screen seed extracted from infected 

fruit and commerc ial seed lines, suspected of car r ying the pathogen, 

as well as artificially infested seedlines . 

Diseased fruit of 'Beefsteak' , 'Castlong' and 'Scoresby' varieties 

were collected from crops in the Manawatu and llawkes Bay regions . 

The seed wns hand extracted from individual di seased fruits with over 

50 speck lesions, by utting them in half and squeezing the pulp int o 

a 12 mesh 1 . 4 mm aperture strainer. The pulp was washed through 

the strainer with sterile water and the seed was dried on blotting 

paper at room temperature . Dried seeds were placed in wells in 

Cooke's microtitre plates and tested £or the presence of the pathogen in 

the same manner a s described previously. 

Seedling tomato plants in 2 commercial nurseries in Palmerston North 

were observed weekly from emergence through until sale throughout the 

late winter and spring of 1979. The disease appeared in both nurseries 

in the first week in October 1979. The incidence of the disease was 

very high in both nurseries . In one nursery nearly all ' Moneymaker' 

seedlings, from a seedline acid extracted by the nursery from a 

locally grown crop , were infected. The seedlings of 'Potentate', clnd 

' Scoresby ' (Web l ing and Stewart) also showed low percentage infections. 

I n the other nursery the disease was predominant in ' Beefsteak' seedlings 

(Ocean View Seeds Ltd; fungicide treated) with the occasional infected 

' Gro sse Lisse ' or 'Russian Red' seedling also being encountered. 
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Pla t e 9 : Cooke ' s mi cro t i t r e plat e with a t oma t o seed and King ' s B 
medium bro th in e a c h well. 

Plate 10 : King's B med i um agar streaked with 12 enr ichment 
cultur es f rom a Cooke' s micro t itre pla t e . 
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On e ' Moneymaker ' seed was added to each well of 4 Cooke ' s 

microtitre pla t es . The ' Potentate ' , ' Scoresby ' and 'Beefsteak' 

seedlines were tested by adding 1 see d to each well of 3 Cooke ' s 

microti tre plates . The 'Moneymaker' and 'Beefs teak' seedlines we r e 

also tested by addi ng 5 seeds to each we ll of t he microtitre plates . 

These two seedlines we r e tested mo r e extensively than the other 

seedline s be ca use t he s eedlings showed a high percentage infection 

in the nur sery , whi c h may be correla t ed with the pathogen be i ng 

s eedborne . All wells were tested i n the mann er described earlie r . 

Five seedlines, ' Castlong ', 'Dor chest e r'. 'UC 134 ' , 'VF 145-B-7879 ' 

and ' Fireba l l ' we r e also t es t e d. 

Results and Di scuss i on 

The pa tho ge n was regularly isolated from vacu1~ infil trated 

seedlines, with a h igh percent age of the sPeds being infested 

in some cases (Tables 5 and 6) . 

Table 5 : Isolation and identification of P . .syrinrr,._, pv tomato 
from vac uum inf i ltrated secdlines us i ng t he Cooke ' s 
micro titr c p la t e sys t em 

Cul.ti va r s 

' Dorches t e r' 

' UC 134 ' 

' VF 145- B-7 879 ' 

No. of see d s 
tested 

1344 

192 

1152 

Blue flue- Oxi- Pat h o- % of seeds 
re scen t d:1se genicity i nf es t ed 
isolates reacti o n 

248 246- 246+ 18 . 3 

43 43- 43+ 22 . 4 

69 9 562- 562+ 48 . 8 

Th e pe r centage of seed in f e s t ed v aried consider ably with e ach 

v acuum infiltration . This is well demonstrated by observing the 

percentage infestation in t he ' Dorchester' seed samples vac uum 

infiltrated on differen t occas i on s (Table 6 ). 
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Table 6: Variation in pe r cent~ge infestation of vac uum 
infiltrated 'Dorchester ' seed 

of seeds Blue fluo r escent Oxidase Pathogenicity 

53 . 

% of seeds 
tested isolates reac tion infested 

288 181 181- 181+ 62 

38L1 60 58- 58+ 15 

672 7 7- 7+ 1. 04 

Total 1344 248 246- 246+ 18 . 31-

* Av e r 2ge % of seeds infest ed 

The technique was used to isolate f rom a high percentage of vacuum 

infiltrated seeds of three cultivars. The technique showed a 

surprisingly large variation in the number of infested seeds resulting 

from vac uum infiltration at different times . This difference is 

presumably due to some variation in the vacuum infiltration proces s . 

Because the Cooke ' s microtitre plate system was successfully 

used to isolate and identify the pathogen from artificially infe s ted 

seeds , attempts we re made to isolate from seeds, believed to be, 

n at urally infested. 

The pat h ogen was regularly isolated from ' Beefsteak' seed, hand 

ext r acted from diseased fruit collected from a diseased crop in the 

Manawatu, but was never isolated from any seeds hand extracted from 

' Castlong' or ' Scoresby' fruit (Tables 7 & 8). The percentage of 

infested 'Beefsteak ' seeds varied slightly from one microtitre pla t e 

to another, with a large increase in the percentage of infested seeds 

appearing from the second sample of diseased fruit collected 16 days 

af ter the first. 



54 . 

Table 7 : Isolation and identification of P. syringae rv tomato 
from naturally infested seedlines 

Cultivar No . of 
seeds 
te sted 

' Beef s teak' 1056 

'Castlong' 96 

' Scoresby ' 288 

Blue fluore - 0xidase Pathogenicity % of seeds 
scent isolates r eac tion 

266 

14 

19 

169-

0 

0 

164+ 

0 

0 

infested 

15.5 

0 

0 

Table 8: Variation in the det e ction of infested 'Bee fsteak' 
seeds collected a t different time s from the same 
diseased plot 

Collection 
Date 

5 . 3. 79 

Total 

21.3.79 

Total 

No . of 
seeds 
tested 

96 
96 
96 
96 
96 
96 
96 

672 

96 
96 
96 
96 

384 

>'< Average % of 

Blue fluore­
scent 

10 
8 

12 
8 

14 
15 
11 

78 

74 
39 
48 
27 

188 

seeds infested 

0xi das e Patho gen ici t y % of seeds 
reaction inf ested 

6- 5+ 5 . 2 
4- 3+ 3 . 1 
5- 4+ 4 . 2 
3- 3+ 3 . 1 
4- 4+ 4 . 2 

10- 10+ 10 . 4 
8- 6+ 6 . 2 

40 35 6* 

73- 73+ 76 
16- 16+ 16 . 6 
17- 17+ 17.7 
23- 23+ 24 

129 129 33 . 6>'< 
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An independant t-t es t was p e rforme d on the figures obtai ned in 

Table 8 to determine if the re is a significant difference in th e 

percentage of infested seeds co l lected at each time interval. A 

value of 3.6 was obtained fo rt . with 4 degrees of freedom. Thi s 
l 

dif fe r e nce is signi f i ca nt at the 5% level but not at the 1% level . 

The f r ui t collected at each time were at simila r stages of maturity 

and had simi l ar percentage infections so any difference is probably 

attributable to s ome unknown factor acting in the held . The 

significant difference may be due t o the ea rl y exposure of fr1 1H 

collected on the 21 . 3. 79 to the pathogen and favourab l e environmental 

conditions for disease development. The rea<lings from the Department 

of Scien tif ic and Industrial Research Pamerston North Me erological 

Service were obtained for the period from 18.2 . 79 to 21 . 3. 79 and 

are summarised in Table 9. 

Da t e 

Tabl e 9 : DSIR's meterologlca l service recordings for the 16 
days p r ior t o each collection date 

for Average max Average min Ave r age No. of Av rage max 
16 day t emp . C temp . C rainfall rainfall temp on 
intervals clays r a iny days 

18.2/5.3 . 79 19 . 3 11. 7 2 . 0 5 19 .3 

6.3/2 1. 3.79 22 . 3 14.3 5 . 6 8 21. 7 

Basu (1966) reported tha t disease development is favoured by 

24-27C and 90-100% RH . From the results of seed infestation t e sts 

(Table 8) and the meterologica l da ta (Table 9) it a ppears 

environmental conditions between 6.3.79 and 21 . 3.79 were more 

conducive to the disease t h a n between 18 . 2.79 and 5.3.79. The longer 

exposure to diseas e and the more favourable environmental condi tions 

fo r disease development may accoun t for the significant increase 

in the number of infested seeds at the secon d collection interval . 
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When h and extracting the seed in this work care was taken to avoid 

contact b etween the lesioned fruit surface and the seed extract . 

Grogan et al (1974) and Bashan et al (1978) both r eported the 

pathogen was not syst emi c and fruit l esions are superficial (Dye 197 5) . 

In this hand extraction process there was no contact between the seed 

and the f ruit surface so it is not known how the seeds became 

infested. 

This work has establi s h ed that the pathogen can naturally 

infest the s eed and could therefore be present in a commercial seed line . 

Of the 9 commerc i al seedlines t ested the pathogen was only isolated 

from two, v iz, 'Beefsteak ' and ' Moneyrrrn.ker' seedlines (Table 10). 

The pathogen wns recovered from a high percentage of the 'Beefsteak' 

seeds and from a low, but notable p e rcentage. of the 'Moneymake r' 

seeds . 

Table 10 : 

Variety No. 

l so la ti on and identi f icotion of P .. syr-1:ng•,e pv tomato 
from commercial seedlines using the Cooke's 
rnicrotitre plate system 

of No . of No. of blue Oxi- Patho- mi.no/ 
seeds seeds/ fluorescent dase genie- seeds 

of 

t es ted well isolates reaction ity inf este d 

'Beef steak ' 192 1 0 0 

'Moneymaker ' 384 1 0 0 

'Potentate ' 288 1 0 0 

'Scoresby' 288 1 0 0 

'Beefsteak ' 480 5 36 36 - 36+ 7 . 5 

'Moneymaker' 1440 5 2 2- 2+ 0.14 
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If P.syringae pv tomato can infect developing seedlings as a re s ult 

of its association with the seed, the n this could explain the high 

percentage of infected seedlings obs e rved in the two nurseries using 

these seedlines. Although the percenta ge of 'Moneymaker' seeds from 

which the pathogen was isolated is low, it only requires one infested 

seedling to result from the pathogen being seedborne and the disease 

may spread rapidly reaching epidemic proportion und e r favourable 

environmental conditions. 

This detection technique was successfully used to both isolate 

and identify the pathogen from the seed when other e nrichme nt 

culture t echnique s failed, probably because P. syringae pv tomato 

was present i~ the well s in h i gher concent ratio ns than on t ami nant 

bac teria, thus enabling it to compete favourably. 

The Cooke's mi crotit r e plate system fulfi1s some of the crite ri.::i 

required for a techniq ue to b e useful in isolation and identification 

of P. s~{l'inqae p L.imato . lt is an accu r ate , sensitive , repe:1table 

and simple technique. However, it foils to f il l o n e importa nt 

cri. t e d o n i . e . r apid i.t y . Unfortunate l y the techniq11e is rather time 

consuming thus it is impractical t o use i.t o scr('e n ) a r ge sec dline s 

but, d e pite its f aults it was the most promisj_ng t erhniq ue tri ed a nd 

was instrumental in establishing beyond d0ubt that P. syPingae pv 

tomato can be seedborne. 

(d) Agar plug technique 

Speirs (pers comm 1980) used a leaf disc technique to test the 

susceptibility of poplar to Ma.rsonina spp. and to determine the 

environmental conditions favouring disease development. A similar 

t echn ique was tested in this study. 
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Materials and Methods 

Holes we re made in thick 2% water agar plates (Appendix I) with 

a size 7 corkborer and the same size corkborer was used to make leaf 

discs from disease free tomato leaves. One tomato leaf disc was 

put in each hole in the water agar plate, 3-5 moist tomato seeds 

were added (Plate 11) a nd the plates were incubated in the light, 

at 25C for 10 days. 

Seed germination can be prevented or retarded by soaking the seed 

in 2,4-D (Wood 1966) for 20 mins . The seed was soaked in 0 .025 %, 

0 . 05% and 0.1% 2,4-D and placed on the leaf discs to determine the 

most useful concentration for this work. 

Initially the technique was t ested by adding l drop of a suspension 

of P. syrinqae pv tomato to the upper nnd lower leaf surfaces of the 

discs. The plates were incubated and observed daily for symptom 

produ ction . After 7 days incubation the leaf discs were removed 

from the wells and j sola tions were made e ither by m;:icerating each 

leaf disc in sterile water and streaking to King's B medi um or by 

enriching the leaf disc in D4 broth a nd subculturing to King's B 

medium agar. In this work all King 's B medium agar was supplemented 

with 200 units of penicillin per JO ml of agar (Bashan et al 1978) 

to increase its selectivity . 

Moist vacuum infiltrated ' VF 145-B-7879 ' or ' Dorchester ' seeds 

were deposited 3/leaf disc on both young and old leaf discs and on 

both lower and upper leaf surfaces . A control leaf disc, to which 

no seeds were added, was placed in each plate. It was not necessary 

to treat the seeds to inhibit germination unless the plates were 

incubated for more than 7 days . 

As well as testing bacterial suspensions and vacuum infiltrated 

seedlines the technique was used to test 'Beefsteak', 'Moneymaker ' 

a n d 'Scoresby' commercial seedlines thought to be carrying the pathogen 

and th e technique was compared with the Cooke's microtitre plate system . 



Plate 11: Tomato see ds on t omato leaf dis cs embedded 

in 2% water agar . 

59 . 
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Results a nd Discussion 

No speck lesions were apparent on a ny of the leaf discs af t e r 

7 days incubation, at which time the leaves began to dry a nd curl 

around the edges making the identification of any speck l es i ons 

appearing after th is time difficult. It was unfortunate that the 

id e ntific ation of the pathogen could not be ma de by observing 

symptom produc tion . However , P. syringae pv tomato was isola t ed 

from all inoculat e d lea f discs b y maceration and enr ichment culture 

of t he l eaf discs . Because the l eaf discs were not surface s t erilise d 

no conclusion co uld be drawn as to whethe r the bacteria infec t ed 

the l eaf or simply s urv ived on the surface . 

Seed germination can be prevented o r r etarded by soaking the 

seed i n 2,4 - D (Appendix IV, Table 33) . All co n centra tions of 

2,4-D co nsiderably red uc ed the pe rcentage germinat i on of t he seed 

whi l e usually having no obvious effect on the t omato lea f discs . 

Some of the leaf dis cs turned brown and necrotic when the seed was 

treated with 0 .1 % 2, 4 - D and no seeds ge rminated . Only 3% of the 

seeds treated with 0 . 025% ;rnd 0 . 05% 2,4- D ge rminat ed ;rnd neith0r 

concentration had any obvious effect on the leaf discs. As both 

0 . 025% and O.o s;~ 2,4-D had a similar effect on seed genni nation 

and th e l eaf discs e..i the r co ncentration co uld be u sed when it is 

necessa r y to prevent or r etard seed ge rmina tion . 

P. syringae pv tomato was regularly iso la t e d from leaf di scs upon 

which vacuum infiltrated 'Dorches ter' or ' VF 145-B-7 87 9 ' seed had been 

sown (Table 11) . The percentage of leaf discs infested and the 

minimum percentage of s ee d infestation were calculated in each case. 

The pa thogen was also isolated and identified fr om 3 commercial 

seedlines (Table 12). 
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Table 11 : Isolation and identification of P. syringae pv tomato 
fr om leaf di scs inoculated wi th vacuum infiltrated 
seed 

Treat ment Replica s No . of No. of blue Oxidas e Patho- % of min % 
seeds fluores cen t reaction genie - discs seed 
tested isola t es ity inf es ted inf es t e d 

VF 145-B-7879 
upper 15 45 3 3- 3+ 20 6 . 6 

VF 145-B-7879 
l owe r 15 45 2 2- 2+ 13 . 3 4 . 4 

Dorchester old 
leaf 26 78 9 9- 6+ 23 . 0 7 . fi 

Dorches t er yo ung 
leaf 47 141 20 20- 20+ 42 . 5 14 . 2 

Controls (no 
seed) 7 0 0 0 

Table 12: Isolation and identification of F. :;yringae pv tomato 
from leaf discs in ocu lated wi th c omrne r ci a 1 seedl in<.;s 

Seed- Replicas No . o f No . of Oxldase Pathogeni- '½. of discs min % of 
line see ds blue reaction city infested seeds 

tes t e d fluores- .i.nfes t:ed 
cent 

isola te s 

'Beefsteak' 100 500 14 2- 2+ 2 0 .4 

'Moneymaker ' 100 500 18 7- 7+ 7 l. 4 

'S coresby ' 86 430 14 1- l+ 1. 2 0.23 

Controls 20 0 0 0 

This technique would be more useful it if was possible to identify 

the pathogen by symptoms produced on the leaf disc. The agar plug 

method does not seem to be as sensitive as th e Cooke's microtitre 

plate system, although P. syringae pv tomato was detecte d in a 10 fold 

higher percentage of 'Moneymaker ' seed and was also detected in a 
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low per centage of ' Scores by ' seeds using the agar plug technique . 

Because of the t ime consuming and laborious nature of this t echn iq ue 

it s uses we r e limited and the Cooke ' s microtit r e plate system was 

generally pre ferred for use in isolat i on and identification of 

P . syringae pv to1rato from the seed. 

( e) Se r ol o gy 

Most serological techniques r equire a minimum concentrat i o n o f 

an t igen co be re adi ly available for reac t ion wit h t he an t ibo dies . 

I f P. syringae i s tomato associat ed wit h t h e seed j t p r obably fu lfi l s 

ne i ther of these criteria . Most se r o l o gical tests are ma de us ing 

cul t ures of t he antigen . Howeve r , i t was hoped that the use of 

s ero l ogica l t ests in this s tu dy wou l d e limi nate t h e need t o i sola e 

a nd cu lture the bacteria wh en a t tempting to identify infes t ed seeds . 

I f the sero l ogica l t est required t h e c ul t ure of the pathogen i t wo uld 

b e more sens i ble t o use t he differen t ia l a n d accurate pa t hogenic i ty 

t ests in an i denti fica ti on. 

Three serolog i cal tests were considered for use in this study , 

viz ; gel double diffusion tests , direct or indirect fluorescent 

antibody tests and the ELISA (Enzyme-linked imrnunosorbent assay) 

techniques. The d i rect or ind i r ect fluorescent antibody tests 

r eq uire tha t all reaction s a r e species specific . However , the ma i n 

p r oblem may be ge t ting the an ti bodies to contact a few an t igens which 

may be ' tra pped ' within the seed . Th is t echniq ue was no t consider ed 

o f a ny use f or this wo rk . Although it i s e xt reme l y sensiti ve , t h e 

ELISA te c hniq ue woul d req uire antige n s to be con ent r a t ed so would 

pro ba bly not detect t h e low c oncentrat ion of a nt igens i n the s eed . 

Gel do uble dif f us ion t e sts are the only t es t s wh i c h may be usef u l 

i n t h is situation because a positive r esult i s de termine d b y the 

a ppearance o f a precipitate res u lting fr om t he contact of a ntibodies 

, and a n tigens when the y diffuse t h rough the agar from the i r sources . 
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Materials a nd Methods 

Singl e we ll s were mad e i n a 0 . 4% phosphate buffered sal i n e 

se rology aga r p l ate (PBSSA) (Append ix I ) and filled wi t h a 1: 4 

dilutio n of an t isera to P. syringae pv tomato with 0 . 85% sterile 

sa line . Vacuum i nf il tra t e d ' VF 145 - B- 7879 ' a n d ' Dorcheste r ' 

s eedlines , kn own to b e c a rryi n g t he pat hogen , we r e eit he r re pe at e dly 

f roze n a nd t h awel o r h ea t e d t o lOO C f or 20 mi n s t o des t roy al l 

h e a t l abile non-s pecific a ntigen s . One hundre d seeds of each 

cu ltiva r fo r each hea t t re a tmen t were s ubme r ged in PBSSA i n c ir c l es 

surr o un ding th e cent r a l ant iser a wells , incubated in a humi d 

container at 25C fo r 5 days and observed using back illumina t ion . 

Any seeds rea cting wi th th e an t isera, as indicated by the appea r ance 

of a f ine p r ec i pitate z one in t he agar, we re tested by use of t h e 

Cooke's microtit r e pla t e system for the presence of P. syr-ingae pv 

tomato . 

Results and Discussion 

No obviou s precipitate lines appeared around any of seeds . 

Sorr.e of t'1e seeds were tested for the presence of P. syr•int1oe pv tomrzto 

because a very faint precipitate formed underneath the seed in the 

agar, but none of t h ese seeds were found to be carrying t11e pathogen. 

Because mos t antigen s we r e not released f r om the seed th e l ow 

concentra t ion s of a nt igen di f f us ing i nto t he aga r we r e probab l y 

insufficie n t to reac t with the a n tibodie s so tha t a visible 

precipitat e resulte d . From previous wo rk with ser ology i t i s kn own 

t hat both anti gen and antibody c an d i f f use thr ou gh the aga r and a 

v i sible preci p i ta t e res ults . A visible precipita t e f aile d t o 

a ppear a r ound t he seeds ind i cating either t he pathogen is not 

presen t in the seed or t ha t low concentrations of antige n cannot b e 

de t ected. 

Ser ology c ould be us ed to identify the p a thogen a fter isolations 

had be e n made . However , th i s r equire s the c ulture of the pathogen, 

an action , it was hoped , serological t e sts could a void. If there 
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was a high population of the pathogen, in a ssociation with the 

seed, which could be re l eased into the agar it might be poss ible to 

detect the antigen associated with the seed by ge l doub l e diffusion 

tests . 

(f) Ultraviolet light t echn ique 

Both Whart on (1967) and Parker and Dean (1968) reported tha t the 

seeds of white and light seed-coate d bean varieties i nfecte d with 

P.syringae pv phaseolicola fluoresc ed when viewed un de r u ltravio l e t 

light. Fluore scence was not observed in dark seed-coated v arie ties 

and in the seeds of varieties which had col o ur e d seed dressing . 

Parker and Dean (1968) reported that t h e t ype of fluorescenc e 

varied. Seeds fluorescing bluish-white o r chalky-white could not b e 

dis tingui s hed from non-fluorescent seeds in visible light. However, 

seeds fl u orescing orange or br ight greenish yellow generally ha d 

seed-coat injury which was appar ent ln visible light . 

If infeste d tomato seeds fluoresced under ultraviolet light 

thi s could possibly enable seedlines to be scree n ed rapidly fo r 

P. sy1·ingae pv tomato infes t ations . 

Materials and Methods 

An ultraviolet emission source, which floods a wi de area with 

light of 3500~ wa s installed in a darke ned room . Seeds f rom the 

following seedlines: ' Scoresby ' , and ' Beefsteak' ha nd ext racted 

from diseased fruit, 'Po tentate' and ' Moneymaker' from commercial 

seedlines which may have been harboring the pathogen and vac uum 

infiltrated 'VF 145-B-7879' were observed under the ultraviole t 

light . Fluorescent and non- fluorescent seeds were selected from 

each seedline and tested for t he presence of P. syringae pv tomato 

by use of the Cooke ' s microtitre plate system. 
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Results and Discussion 

Some of the seeds fluoresced bluis h-white while others fluoresced 

purple or orange-brown. Care had to be taken to ensure that the 

fluorescent part of the seed was not grit or dirt which readjly 

adhered to the seed - coats of hairy varieties. The seeds fluorescing 

white-blue were usually whole seeds while most of those fluores c ing 

purple or orange-brown were broken or injured seeds . The pathoge n 

was isolated from the va uum infiltrated fluorescent and non­

fluorescent se e ds (Table 13). 

Table 13: Isolation and identification of P. syrinpae pv tcw:ato 
from both flu orescent and non-fluorescent seeds. 

Seedline 

'V-F 145 -B-7 879 

Fluorescent 
' VF 145-n-78 79 ' 

'Beefs t eak' 

Fluorescent 
'Beefsteak' 

' Moneymaker ' 

Fluorescent 
'Moneymaker' 

Potentate 

Fluorescent 
'Potentate ' 

Fluorescent 
' Scoresby' 

No . of 
seeds 
tested 

20 

24 

12 

12 

30 

30 

30 

30 

24 

Blue fluore­
scent 

isolates 

2 

9 

0 

0 

0 

0 

0 

0 

1 

Oxidase 
reaction 

2-

9-

+ 

Pathogen- % of seeds 
city infested 

2+ 10 

9+ 3 7 . 5 

The bluish-white fluorescence of seeds detected under the ultra­

violet light was often pale and indistinct making it difficult to 

determine if seeds were actually fluorescing . The pathogen was 

recovered from a high percen t age of the fluorescent vacuum infiltrated 
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seeds , some of whi ch were broken or injured fluoresced an or ange - brown 

colour as well as a bluish-white . From the very limited number of 

vacuum infiltrated seeds tested and the high percentage of bluish­

white fl uorescent seeds which were infested in this sample , it 

appears that th is may be a useful technique for r e ducing the number 

of seeds screened for the pathogen . For a technique, s u c h as this, 

to be useful it must be able to detect some of the infested seeds 

in seedlines which are believed to be naturally infested. For this 

reason most of the fluorescing seeds tested for the pathogen were from 

hand-extracted o r commercial seedlines . Unfortunately no seeds from 

these seedlines were naturally infested with the pathogen . 

Fluorescence could only be detected in varieties with light 

coloured seed-coats . Dur to the small size of the seed and the 

indistinctness of the small , usually peripheral fluorescence, 

detection of fluorescing seeds was difficult. Although the technique 

appeared pr omising for vacuum infiltrated seed, it was of no use in 

screening naturally infested seedlines for P. syringae pv tomaio . 

Conclusion 

A number of isolation and identification techniques were evaluated 

in a n attempt to develop a technique which is sensitive , simple, 

rapid and reproducible for the isolation and identification of 

P. syringae pv torruto from seed. Most of the techniques lacked 

sensitivity and only two techniques were successfully used to 

repeatedly isolate P. sy1'ingae pv t omato from the seed. Both these 

technique s were simple, but unfortunately both were very time 

consuming. The Cooke's microtitre plate syst em was more 

sensitive than the agar plug technique . Both methods were used to 

isolate and identify P.syringae pv tomato from vacuum infiltrated 

and commercial, naturally infested seedlines. The minimum percentage 

infestation of 2 connnercial seedlines was determined using the 

Cooke's microtitre plate system and the minimum percentage infestation 

of 3 connnercial seedlines was determined by the agar plug technique . 
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I nit ial l y , when experimental work commenced, attempts to isolate 

f r om leaf l esion s by ti s sue pla t ing were lar gely unsuccessful 

because of the other bacteria compe t ing with P .. ,yr•in.gae pv tomato . 

No attempts were made t o isolate and identify P.syringae pv tomato 

f r om t he seed , by platin g whole seeds to King ' s B medium agar because 

it was considered that an approach involving the emersion of seeds 

i n s e l ective media would result in the detection of more of t he 

i n fested seeds . After t h e comp l et i on of the experimental work for 

this thesis , a n abstract (Kim 19 79) was pub l ished reporting that 

P.syringae pv tomato could be isolated from infested seeds by 

incubating the seeds on King ' s B medium agar for 2-4 days at 26C . 

The seed plating technique is probably a litt]e les s sens itive 

than the Cooke ' s microtitre plate system, because the pathogen mav 

not be detected if it infests the seed parts not con ta cting the 

King's B medium, whereas the whole seed surface con tac t s the King ' s 

B medium broth i.n the wells i.n Cooke's rn i.c rot i trc pb tes. /\1 though 

the seed pla tin g te chnique (Kirn 1979) may be less sensitive rhan the 

Cooke's microtitre plate system, it is a less time consuming 

technique and, may be more useful for the lso1.'.1tion and identi.fication 

of P. syrin9ae pv tomato from individual seeds than ;:m y of the methods 

used in th i s study . 
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3.3 Seed-Seed Transfer 

The term seed-seed transfer is regularly used to describe the 

spread of the pathogen from seed to seed, either in the seed c l eaning 

process or during storage. In this study the term will also be 

extended to include the time between seed harvest and seed sowing, 

or the ability o f the pathogen to survive seed storage. S ed t reatments 

a r e applied some time between harvest and sowing and so should , ideally, 

be included in this section. However, it is essential to establish 

that the pathogen can be seed- bo rn e before discussing seed treatments, 

so although they will not be discussed in any detail in this sec tion 

it is imp ortant to remember that seed treatments may have a deleterious 

effect on the survival of P.syringae pv tomato in associ.ati.on with 

the seed. 

Although the term seed-seed transfer is no t used in its usual 

context , it is possible that the pathogen could infest one seed from 

another during storage . However, because only a low percentage of 

seeds have been found to be naturally infested with P. syringae pv 

tome.to seed to seed spread is probably of little importance ot h erwise 

a higher percentage infestation could be expected. 

Survival 

In work on survival it was essential to know that the seed used 

in the experiments was infested with P.syringae pv tomato and also 

when infestation occurred. Although some work was done on survival 

in naturally infested, hand ex tracted seed and in commercial seedlines, 

artificially i noculated seed was used in most work because the 

precise date of infestation of these seeds was known. 

Materials and Methods 

Initially it was essential to establish that P. syringae pv tomato 

could survive in association with tomato seed for even very short 

periods of time. 
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Thr ee gr ams of ar t ific ially co n t aminated seeds o f f our v a riet i es 

vi z . 'Cas t long ', ' Dor ches t er ' , •VF 145-B- 7879 ' and ' UC 134' were 

s amp l e d (3 replicas o f 20 seed s f or e a c h var i ety) at one d ay 

int e rvals for 3 days , then a t 3 day i n terva l s for 24 days . 'Do r c hester ' 

and 'VF 145 - B- 78 79' were t h e n samp l e d at week l y i n tervals up un til the 

68th day . Three replicas o f v acuum i n f iltrated ' Do r ches t e r ' a nd 

' VF 145-B-7 879 ' s eed were a ls o s amp l ed 4 , 6 ,11,1 5 a n d 20 mont h s a ft er 

i nocu la t ion . Testing of the o t h e r s eed li nes was d i scontin ue d afte r 24 

days beca use t he seed supp l y was limite d and t h e pa thogen wa s ra rely 

isol ated fr om the d i scarded see line s . 

Al l i n oc ulated s e ed wa s drie d on blo ttin g pape r at r oom t emp era t ure 

o r in a 16C ref r ige ra t e d i n c ubat o r after inoc ula t l on. Wh e n dr i ed t h e 

s eed was s t or e d i n pe tr i plates on the l aboratory bench unt i l t es t e d . 

Hand and acid e xtrac t e d dr ied see d samp l es were stored i n sea l ed 

poly the ne bags at r oom t emp e r a ture . A comme r cial ' Mon eymake r' seedJ.i ne 

was st o r e d at 4C in pape r bag s while no t be in g us e d, but between Au gus t 

197 9 a nd Februa r 1980 it was s t ored a t room ce mperature. A c ommercial 

'Be e f s t eak ' s eed li.ne wa s sto r ed i n sealed foil sachets a f ter harvesting 

a nd then i n pape r b ags a t r o om tempe r ature be t ~ c en Au gust 1979 an d 

Fe brua r y 19 8 0 whe n th seedline was being us e d . 

Al l s ee d s amp les we r e as sayed by i ntrod ucing 20 se0ds i n t o Kin g' s 

B me d ium broth , inc ub a t i ng f o r 48 ha t 25 C and t h~n streaking each 

enric hmen t c u l tu r e to 3 Kin g 's B me d i um a ga r pla tes . The p l ates were 

incubat e d at 25C for 1- 2 days . Al l blue flu or e s cent co l onies were 

t ested for oxidase p r oduction, wit h oxidase nega tive c olon ie s being 

pathogeni c it y t es t e d to t omatoes . 

The h a nd and ac id e xt r ac ted seed lines were e x t racted from dis eas e d 

fru i ts and tes t ed 12 mon ths afte r extraction. Commercia l 'Mone ymake r' 

and ' Beefste ak ' seedl ines we r e test e d by use o f the Cooke ' s microtitre 

p l a t e sys t em and t h e aga r plug t e chnique . Although the e x traction dat e 

wa s not known it was es t imated t hat t h e seed had been s tored for at 

leas t 11 mont hs , t h is b ein g the i nterval since the previous New Zealand 

toma to harves t. 
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Results and Discussion 

P. syringae pv tomato survived in a viable state on ' Castlong ' , 

1 Dorchester 1 and ' VF 145- B-7879 ' and was regularly isolated from the 

l a tt e r two seedlines throughout the~ration of the experiment 

(Tables 14 & 15). The pathogen survived in association with the 

' Dorchester ' seed for 11 months at which time the artificially 

infested seedline was de pleted . The pathogen survived in asscciat ion 

with the 'VF 145--B- 7879 ' seedl ine for 15 months, at wh ich time the 

seed supply was depleted . 

Tab l e 14: Isolation of P. S!(f'ingae pv t omato from seeds of four 
artificially infested tomato seedlines 

Variety No. of days after infestation of the seed 

0 

1 Cas tlong 1 

'Dorchester ' + 

'UC 134 I 

1 VF lLiS- B-78 79 ' + 

1 
~ 

+ 

+ 

2 

+ 

3 

+ 

+ 

+ 

6 9 12 15 18 21 24 

+ 

+ + + + + 

+ + + + + + 

------------------------------ - --- ------------

Table 15 : Iso l ation of P. syPing,xe pv tomato from ortif lei.ally 
infested ' Dorchester' and ' VF 145-B- 7 879 1 sced]ines 

Variety Time after infestation 
Days Mont hs 

28 35 42 49 54 61 68 4 6 11 15 

1 Dor c hester 1 + + + + + + 
1 VF 145-B-7 8 7 9 ' + + + + + + + + 

20 

The pathogen was not isolated from either the hand or acid extracted 

'Beefs t eak ' or 'Scoresby' seedlines after 12 months storage although it 

was i sola t e d from the hand extracted 1 Beefsteak' see dline soon after 

e x traction . The pathogen was isolated from a 'Moneymaker' seedline 

acid extracted by a local nursery in March 1979, eleven months after 

harvest. Similar results were obtained using a commercial 'Beefs teak ' 

seed l ine . 
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P. syringae pv tomato can remain viable, between harvest and 

sowtn g , in association with both naturally and artificially infested 

seedlines, under the storage conditions used in this work. The 

effec t of storage on the percentage of seeds infested was not investiga ted, 

because the Cooke ' s microtitre p l ate system had not been developed 

when sur vival tests commenced. However , i t is ant id pated tha t a 

reduction in the percentage of infested seeds would occur when storage 

periods are prolonged . 

Pr obably soon after extraction or infestation there would be a 

large drop in the number of viable bacteria in association with the 

seed , as al l the bacterial speck organ isms which are unable to s urvive 

desiccation wo uld lose their viability . After this initial, large drop 

in the number of viable bacteria associated with the seed (a drop which 

may also correspond with a reduction in the number of infested seeds) 

it is expected that a grad ual decline in the number of seeds infested 

with the bacteria would occur . It may be possible to 'control ' the 

pathogen associated witl1 the sePd by prolonging seed storage, providing 

the viability of the bacteria is lost before seed viability falls 

below an acceptable level. Unfortunat ly, it ~as not possible to 

invesligate how long the pathogen can s u rvive in associat ion with 

the seed because of the limited duration of tl,is study . 

In this section no work was conducted to establish how the pathogen 

is associa t ed with the seed or to determine if any seed-sE"ed spread 

occurred . It is likely that the pat hogen can survive as a seed 

contaminant and probably can also infect the s eds. Bryan (1933) 

r eport e d that P. syringae pv tomato is v ery sensitive to dr y ing , 

especially when favourable conditions for gr owt h a r e followed by dry 

spells . In the hairy seeded va r ie ties bac teria may be protected from 

desiccation by the seed hairs and may survive in association with 

or infect the seed through injured hairs, in the same way as its 

survival has been associated with the leaf t richomes (S ch neider a nd 

Grogan 1977b). In the smooth seed coated varieties survival as a 

contaminan t could probably be compared to survival on a glass slide. 
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Bryan (1933) r eported that almost all cultures, dried for 48h on 

glass slides failed to survive , with only one slow growing s t rain 

being able to survive 9 days drying. The pathogen may survive for 

prolonged periods in association with cracked or damaged seed s which 

p rov ide .::i protected environment where the b ac ter ·i.a can s urvive . 

In this study the pathogen was demonstrated to survive for long 

periods of time in association with artificially infested, smooth 

seed-coated varieties, either as a con taminant, or probably in 

damaged artificial ly infected seeds. The commercial 'Moneymaker' 

seed has rough, ha iry seed coats but the fungicide treated commercial 

'Bee f steak ' seed had a smooth seed coat . The rough, hairy seed coat 

of the ' Moneymaker' seedline may enable the patho ge n to survive as 

a contaminant and the fungicide on the 'Beefs teak' seedline may have 

protected any contaminant bacteria from desiccation. 

Bashan et al 0978) reported that P. sy-r-·ingoe pv tomato ls carried 

as a seed contaminant lwcau!:le, after "sur face steri.lisati.on" of 

"contaminated" seeds , they were unable to i s olate the hac terium. 

The author o f this thes is does not agree with their conclusion as 

their " surface sterilisation" process involved exposi.ng "contaminated" 

seed s to 70 % ethanol followed b y 1% sodium hypochlorite, each for 

30 seconds "under vacuum". The vacuum was released abruptly to 

favour sterilisation of the seed " s urface" . This process could 

infiltrate some of the ethanol and sodium hypochlorite into the seed 

and thus may inactivate any bacteria infecting the seed . 

The current study only established that the pathogen can remain 

viable betwee n harvest and sowing in associa tion with both 

artificially and naturally infested seedlines . No conclusions can 

be drawn regarding how the pathogen is associated with the seed or 

if seed- seed sp r ead occ urs. 
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3.4 Se ed-Plant Transfer 

Having established that P. syringae pv tomato can infest the seed 

and survive between harvest and sowing in associatjon with the seed , 

it is essential to demonstra te that seed-plant transfer can occur, 

thus, providing evidence t hat the pathogen can be seedborne . To be 

seedborne a pathogen must infect the tomato plant at some s tage of its 

development as a result of its association with the seed. Usually 

a seedborne pathogen infects the seedling soon af ter ge rmination and 

spreads fr om this plant to others. Therefore it is usually possible 

t o identify the seedborne nature of a pathogen, by performing 

germina tion test s in an environment where the developing seedling is 

isolated from all other possible sources of inoculum. 

A numbe r of researchers have reported that P. syringne pv tomatD 

can infect seed lings as a resul t of its associat ion with the s eed. 

Bryan (1933) reported that infected seedlings resulted from the 

germination of inoculated seed in pathogen free soil. Reid (1948) 

associated the high percentage of infected seedlings jn seedling 

tra s with the use of imported seed. Bashan et al (1978) found that 

speck symptoms appear~d on the seedlings of 2 out of 3 comrne rci a~ 

seedlines after germination in sterile soil under mist . Kim (1979) 

reported that seeds car rying P.syr-ingae pv tomato produced plants 

with leaf symptoms, after one month at 17-26C in a moist chamber. 

None of these researchers reported germinating the seedlings in 

iso l ation f r om all other possible sources of inoculum. This is 

particularly significant if the organism is ubiquitous as Schneider 

and Grogan (197 7a) sugges t. 

The ability of these researchers to obtain infected seedlings as 

a result of the germination of infested seed is contrary to the 

results obtained by Grogan et al (197 4), Chambers and Merriman 

(1975) and germination tests performed earlier in th is study. The 

i nability of some researchers to demonst ra te seedborn e spread could 

result from the failure to germinate infested seeds in environmental 

conditions which are optimum for disease development, viz, 85-100% 
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relative humidity and temperatures of 24-27C. The seeds germinated 

in Grogan et al 1 s (1974) work and in this study were grown under 

environmental conditions believed to favour speck development (Basu 

1966, Grogan et al 1974, Bashan et al 197 8) . Accordingl if the 

disease is seedborne the seedlings should have become infected. The 

influe nce of the environment on disea se could be more complicated 

or the environmental conditions required for seedling infection could 

be more critical than was previously considered. 

This work aimed to demonstrate that seed-plant transfer can occur ; 

identify the e nv ironmental condjtions favouring the seed-plant 

transfer; and identify how the pathogen becomes associated with 

the seedling, taking into consideration all other possible sources 

of inoculum. 

In order to demons trate seed-plant transfer attempts were made 

to isolate the pathogen from seedlings germinatrd(i) in Copenhagen 

tanks; (ii) on blotters i n sealed plr1stic- containers; (iii) in a 

mist chamber; and (iv) in commercial nurseries. 

(i) Germination in Copenhagen tanks 

Materials and Methods 

Vacuum infiltratE.c '\T 145-E-7879' seeds were sown, 50 per blotter, 

and germinated at 20C, 25C and 30C in a 14-lOh light-dark regime in 

Copenhagen tanks. The seedlings were sampled at the cotyledon and the 

first leaf stage by removing any lesioned foliage with speck-like 

symptoms, macerating this in sterile water and streaking to King's B 

medium agar and D4 agar. All King's B medium agar used in this 

section was made more selective by the addition of penicillin and all 

D4 agar used was made more differential by the addition of crystal 

violet. All colonies on D4 agar, with a similar colony morphology 

to P.syringae pv tomato , were streaked to King's B medium. All blue 

fluorescent colonies on King's B medium were tested for oxidase 

production with oxidase negative colonies being tested for pathogenicity 
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to tomatoes. 

Results and Discussion 

A h igh percentage of the seedlings germinated at each temperature . 

At 30C constant, most of the seedlings became wa terlogged du to the 

condensation. Many of the seedlings died and because of the l arge 

number of necrotic areas on the other seedlings it was impossible to 

determine if a pathogen was responsible for any of the lesioning so 

the seedlings were di scardedJ 

A f ew of t he seedlings germinated at 20C and 25C appeared to have 

lesions, which had some slight resemblance to those produced in 

bacterial speck i nfect ions, on t he cotyledons and first leav s 2-3 

weeks a fte r sowing . Some blue fluorescent colon ies were isola t ed 

when these lesions were sampled , but they were all oxidase positive . 

P. syringae pv tomato did not infect the developing seedlings , 

causing lesion development, as a result of its association with the 

seed, when the seed was germinated in a Copenhagen tank, possibly 

because the environmental conditions in the Copenhagen tank were not 

favourable for disease development. The le ions, which resembled 

bacteria l speck lesions, probably resulted from injury received 

during germination and were not caused by any pathogen. 

(ii) Germination on blotters in sealed plastic containers 

Because the pathogen was not isolated when seeds were germinated 

in the Copenhagen tanks seeds were germinated on moist blotters, in 

sealed plastic containers , in t emperature controlled germinators in 

the hope that the envir onmenta l conditions which favour development 

of the pathogen could be synthes ised. The seeds were germinated at 

either 20C or 25C constant because temperature s in this range favour 

the development of the disease in the field (Basu 1966 , Grogan et ai 

1974). The seed was germinated at 20-30C because these temperatures 

favour the germination of tomato seed and are the temperatures used 

in germination tests (International Seed Testing Association Rules). 
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Four t rials involving the use of the sealed plastic containers f or 

seed germination were set up. 

TRIAL 1 

Materials and Methods 

Seven treatments were used as is outlined. All 'Beefsteak' seed 

used was hand extracted from diseased fruits with over 50 lesions; 

P.syringae pv tomato was isolated from 15.9% of the seeds. All 

'VF 145-B-7879' seed used had been vacuum infiltrated in the usual 

manner. To avoid the introduction of any ubiquitous bacterial 

pathogens all seed was sown to moist, ultra-violet light irradiated 

blotters in plastic containers in a laminar flow cabinet. 

Treatment 1 

Two hundred 'Beefsteak' seeds were sown 50 per blotter, in sealed 

plastic containers and placed in the dark in a lSC genninator for 12 

days at which time 100 germinating seeds were transferred to a SC 

germinator fo r 15h and then placed in a 10-14h, 20-30C dark-light 

germinator. The remaining 100 seedlings were transferred directly to 

the 20-30C germinator. 

Treatment 2 

Four hundred 'Beefst eak' seeds were sown, 50 per blotter, in the 

dark in a 20C germinator. Two hundred seeds were maintained at 20C 

for the duration of the experiment. One hundred seedlings were placed 

in each of the SC and 15C germinators in the dark for 15h soon after 

radicle emergence and then returned to the 20C germinator. 



Plate 12: Gennination of tomato seeds on moist blotters 
in sealed plastic containers 

77. 
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Treatment 3 

Four hundred 'Beefsteak ' seeds were sown to blotters in the 20-30C, 

10-1 4h, dark-light germinator. Two hundred see ds were maintained in 

these condi tions for the duration of the experiment. At radicle 

emergence 100 seedlings were placed in the SC and lSC genninators for 

lSh in the dark and returned to the 20-30C germinator. 

Treatment 4 

Two hundred 'Beefsteak' seeds were sown in the sealed plastic 

containers and germinated at 25C in the dark. At r adicle emergence 

100 seedlings were p laced in the dark at lSC for 15h and then returned 

to the 2SC germinator containing the other 100 genninating seeds. 

Treatment 5 

Two hundred 'VF 145-B-7879' seeds were germinated in th e dark at 

25C. One hundred seedlings were exposed to 15C for 15h in the dark 

at radicle emergence and then returned to the 25C germinator containing 

the other germinating seeds . 

Treatment 6 

Two hundred 'VF 14S-B-7879' seeds were germinated in the light at 

30C. At radicle emergence 100 seedlings were incubated at lSC for lSh 

in the dark and then returned to the 30C germinator, where the other 

100 seeds were germina ted. 

Treatment 7 

Two hundred 'VF 145-B-7879' seeds were germinated in the 20-30C 

10-14h dark-light genninator until radicle emergence when half the 

seedlings were transferred to a lSC, dark germinator for ]Sh and then 

returne d to the 20-30C germinator containing the other 100 seeds . 
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All sealed plastic boxes were opene d, only in t he laminar flow 

c abinet. Any lesioned cotyledons or f irst l eaves were detache d from 

the seedlings, gently mace rated in steri l e water and t hen streaked 

to King ' s B medium and D4 agar. All colonies o n D4 agar with a 

colony morphology similar to P. sy11ingae pv tomato were streaked to 

Kin g 's B me dium agar . All blue flu orescent colonies were tested for 

oxidase production with oxidase nega tive colonies being tested for 

pathogenici t y to t omatoe s . 

Results and Discussion 

On l y seedlings with lesions which resemb l ed bacteri a l speck were 

sampled . The pathogen was only isolated from o ne lesione d cotyledon 

and three les i oned first leaves (Table 16) . 

Table 16 : lso l a tion of P. syringae pv tomato from lesioned 
cotyledons and first l eaves of tomato seedlings 
ge rmina t ed from infested seedlines . 

* Trea t rnent Total No. No . of cotyl dons !'-lo . of Oxidnse Pathogenicity 
o f seeds & fi r s t leaves Plat es with react - t est 

genninated sampled blue fluore - ion 
scent isolates 

1 100 17 12 12+ 
1 + SC 100 18 6 6+ 
2 200 8 6 6+ 
2 + SC 100 0 
2 + l SC 100 6 l 
3 200 14 9 + 
3 + SC 100 5 0 
3 + lSC 100 6 5 
4 100 24 7 
4 + 15C 100 16 9 9+ 
s 100 6 2 2+ 
5 + SC 100 4 3 
6 100 12 4 
6 + l SC 100 11 6 6+ 
7 100 12 4 4- 3+ 
7 + lSC 100 4 2 

* De t ails of each treatment a r e i n t he Ma t er i a l s an d Me t hods 
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Mo s t of the lesions are probably due to injuries incurred during 

the emergence of the coty l e d ons in epigeal germination. 

A low temperature trea tment was used in this trial because it was 

suggeste d by Roberts and Boothroyd (1972) that a low or high tempera ture 

can predispose some plants to pathogen at t ack. A low temperature 

treatment was used because tomatoes are susceptible to cool tempera ture s 

and e xposure to these temp e ratures may reduce the resistance of the 

seedling to pa thogen attack. 

Isolations were made from whole cotyledons or first leaves a nd 

not on ly from the lesioned area. Therefore i t was not established 

whether the lesions were caused by P.syrin.gae pv tomato . The 

ba c terial pathogen may have bee n present on the seedlings as resident 

populations (Schneider and Grogan 1977a ) and the lesions could have 

r esulted from injury and not be caused by a pathogen. 

It was expected that the cool t empe rature treatment would increase 

the susceptibility of the seedling to pathogen attack. However, the 

pathogen was not isolated from any seedlings exposed to cool tempera ture 

treatments. Because it was isolated from so few seedlings germinated 

at 20-30C it is impossibl e to draw any conclusions concerning the 

effect of cold temperature trea tment on the susceptibilit y of tomato 

seedlings to P.syringae pv tomato . 

This work has demonstrated that seed-plant transfer can occur in 

both artificially infested and naturally infested, hand-extracted 

seedlines. Th us, P-syringae pv toma.to can be a seedborne pathogen 

in naturally infested, hand extracted seed and, presumably, can also 

be seedborn e in naturally infested commercial seedlines. 
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TRIAL 2 

Having es tabli shed that seed-plant transf er can occur the effect 

of different environmental conditions on seed--plant transfer was furthe r 

investigated. 

Materials a nd Methods 

Vac uum infiltrated 'VF 145-B-7879' seed was sown to moist, ultra­

viole t light irradiated blotters in sealed pl astic containers in the 

laminar flow cabinet. The seeds were germinated in seed ge rminators 

at 20C constant , 25C constant and 20- 30C, 10-14h. Either 100 or 200 

seeds were used in each of the t welve treatments in all 3 gerrnina t ors. 

Treatment 1 

The see d was ge rminated at al 1 the tcmoeral ure trent111t nls i ·, Lhc 
da rk . 

Tr ea tme nt 2 

The seed wa s germina t e d in the 20C a nd 25C germi na tor s in 

continuous light and in the 20-30C ge rmina tor wi r h 10h da rk, 14h li gh t . 

Trea tment 3 

The seed was germinated in the dark at ea ch t emperat ure trea t me nt 

and the cotyledons were inj ured, soon after expansion , by gently 

brush i ng or squeezing the developing cotyledons with a ligh t pair 

of forceps. The cotyledons were injured because injuring l ea f 

trichomes is reported to favour bacterial speck infection (Schneider 

& Grogan 1977b). 

Treatment 4 

The seed was germinated in continuous light at 20C and 25C and in 

14h (daylength) light at 20-30C and the co tyledons were injured in 

the same way as is described above. 
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Treatment 5 

The seed was germinated in the dark at each temperature treatment. 

Soon after cotyledon expansion the seedlings were exposed to lOC 

tempera tures for 12h in t he dark and returned to the appropriate 

germinator. 

Treatment 6 

The seed was germinated in continuous light at 20 and 25C and day 

length light at 20-30C, exposed to lOC tempe ratures for 12h in the 

light, soon after coty l e don expans i on , and returned to the appropriate 

germinator. 

Treatme nt 7 

The see d wa s germinated i n Lhe dark for eac h t emperatur e treat ment 

and, s oon after e xpans i on of the co r yledons , t he see dl i ngs we r e 

in c uba t ed a t 35C f or 12h i n t he dark and t he n re turned ta t he 

a ppropriat e ge r minator. 

Treatme nt 8 

The seed was germinated at 20C, 25C i n the li gh t and 14h l i ght 

at 20-30C . Soon after the expansion of the cotyledons the se edlings 

were exposed to 35C for 12h in the light and returned to the appropriate 

germinator. 

Treatment 9 

Seed was germinated in the dark for each temperature treatment 

and, soon after the expansion of the cotyledons, the seedlings were 

incubated at lOC for 12h in the dark. Prior to this incubation, the 

cotyledons were gently injured as described above. After incubation 

all seedlings were returned to the appropriate germinators. 
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Treatment 10 

Seed was germinated i n continuous or daylength light until soon 

after t he expansion of t he cotyledons at wh i ch time seedl i ngs at each 

t empe r a ture t reatment were gently injured and incubated at lOC for 12h 

i n t he l ight. Af t e r this treatment seedlings were r et urned to the 

appropr iate germinators. 

Treatment 11 

Dar k germina t ed seedlings at each t emperature t reatment were 

gent ly injured soon after co t yl e don expansion , exposed to 35C fo r 

12h in the da rk a nd r e tur ned t o the approp r ia te tempera t ure . 

Tr ea tment 12 

Seed was genninated in continuous or daylength light. Shortly 

after co t yledon expansion t he seedlings were gently injured , 

i ncubated at 35C for 12h i n the light and returned to the appropriate 

germinators. 

All sealed plastic containers were on l y opened in t he laminar flow 

cabinet and all seedl i ng parts were sampled 4 or 5 days after treatmen t 

eit her by macerat i ng all seed l ing pa r ts in sterile water and streaking 

t o King ' s B medium agar and D4 agar or, by i ntroducing the seedl ing 

parts t o D4 broth, ma de more se l ective by the add i tion o f 2 . 5 g/1 

of l ithium chloride . The D4 bro th was enr iche d by incuba t i ng fo r 

16-30h on an orbital shaker at 80rpm at room temp e ratur e a nd then 

streaked to King's B medium agar or dilution pla ted to D4 agar. 

All colonies on D4 agar with morphology simi l ar to P. syringae pv tomato 

were s ubcultured to Ki ng's B medium a gar and a l l b lue fl uorescent 

coloni es on this agar were t es t ed for oxi dase pro du c tion, with oxidase 

negative colonies being t este d fo r pathogenicity to tomatoes . 
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Res ults and Disc us s ion 

P. syringae pv tomato was only isolated from seedlings originating 

from t he vacuum infi l t r ated seedline germinated at 20-30C (Table 17) . 

Fur the r more t he pathogen was only i solated from those seedlings 

exposed to a s udden temperature increase or decrease other than t he 

night day fluctuations. None of the seedlings, from which the 

pathogen was isolated, showed any bacterial speck like symptoms 

after 21 days. The pathogen was isolated from both the roots and 

shoot s of the seedlings, but it was not regularly isolated from the 

cotyledons and first leaves. P. syPingae pv tomato was isolated 

from seedlings germinat ed in complete darkness and those germinated 

in 14h light 10h dark but it was more frequentl y isolated fr om those 

seedlings germinated in the day length light. 

Bashan et al ( 1978) reported that infection of tomato plants 

is favoure d by h igh temperatures up to 35-40C and by free water 

accumulating on the leaves . High temperatures significantly 

i ncreased disease incidence probably because the stomata open and 

the pathogen can infect th r ough the stomata. Similarly they r e ported 

that cold temperatures r esult in stomatal closure a nd reduced 

infec t ion. Although cool temperatures are reported not to favour 

infection , Schneider and Grogan (1977a) reported that the survival of 

resident populations was favoured by cooler temperatures, the population 

actually decreasing as temperatures increase from 17-32C when leaves 

are dry. If t he leaves were misted for 24h or 48h, after inoculation 

r esident popu l ations increased most rapidly at 25C. At 32C the 

r esident popu l ation dec r eased regardless of leaf wetness. 
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Table 17: Isolation of P. syringae pv tomato from tomato 
seedlings germinated from vacuum infiltrated 
'VF 145 -B-7879 1 seed 

Germinator No . of seeds No. of No. of Oxi dase Pathogenicity 
temp. and germinated seedlings plates r eaction tes t 
treatment* sampled wi th blue 

fl uorescent 
co lonies 

20C 1 100 30 0 
2 200 80 2 2+ 
3 100 so 2 2+ 
4 200 80 1 + 
5 100 50 5 s+ 
6 200 80 1 + 
7 100 so 0 
8 200 80 10 10+ 
9 100 so 0 

10 200 80 1 + 
11 100 50 1 + 
12 200 80 0 

25C 1 200 80 1 + 
2 200 100 2 2+ 
3 200 80 0 
4 200 100 1 + 
5 200 80 0 
6 200 100 0 
7 200 100 1 + 
8 200 100 J 3+ 
9 200 100 2 2+ 

10 200 100 0 
11 200 100 0 
12 200 100 1 + 

20- 1 200 100 0 
30C 2 200 150 6 6+ 

3 200 100 3 3+ 
4 200 150 0 
5 200 100 2 2- 2+ 
6 200 150 12 12- 12+ 
7 200 100 2 2+ 
8 200 150 17 17- 17+ 
9 200 100 1 + 

10 200 150 0 
11 200 100 0 
12 200 150 0 

* See materials and methods for details 
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Exposure to the high temperature, 35C for 12h, should result in 

an i nc r ease in the percentage of seedlings becoming infected because 

the pathogen invaded through the open stomata (Bashan et al 1978) . 

This may explain why the pathogen was isolated from seedlings exposed 

to a high temperature treatment and not from t hos e seedlings maintained 

at 20-JOC fo r the duration of germination. P.syringae pv tomato 

was isolated from seedlings exposed to the cool temperature (lOC for 

12h) possibly beca use the cool temperature favoured the development 

of resident populations which could infect the seedlings when they 

were returned to 20-JOC. 

More successful isolations were made from seedlings germinated 

i n day length light than those germinated in the dark, possibly 

beca use the increased stomatal opening in photosynthesis favoured 

infection by P.syringae pv to~ato. 

Schneider and Grogan (1977a) reported that injuring the bAsal 

cells of the leaf trichomes, followed b y inocu] a tion with P. syringae 

pv tmriato~ resulted in mor e l esion produc tion than in the no n­

injured controls. Therefore, it was expected that injury alone or 

injury in combination with other predisposition treatmPnt s would 

increase the susceptibility of the seedlings to inf ec tion by 

P.syPingae pv tomato. The pa thogen was not isolated from any injured 

seedlings. Therefore the pathogen was i the r not a ssociated with 

the seedlings or was not isolated from infested seedlings. 

It is not known why the pathogen was only isolated from seedlings 

ger minated at 20-JOC . However, the pathogen may be associated with 

these seedlings because they develop rapidly at 20-JOC and conse quently 

have poorly developed protection mechanisms. 
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TRIAL 3 

Materia l s and Meth ods 

Some of the seedlings germinated at 20-30C with 14h light and 

e xpos ed to e i t her a high or low tempe r ature fluctuation were trans ­

plant ed to s t erile so i l at the ea r ly first leaf stage. The a i m of t h i s 

was to keep t he s e seedlings gr owing for a sufficient period o f t ime 

f or symp t om product ion to occur . 

Unf ortunately very few seedl ings survived transplanting . However , 

t he 19 surviv ing seed l ings were incubated in the mist chamber fo r 2 

weeks, at which t ime the f oliage of each seedling was excised, 

mace rated in sterile water and st r eaked to King ' s B medi. um agar . 

All b l ue f luor escent co lonies were tested for oxidase production 

with a ny oxidase negat ive co l onies be i ng tested fo r pathogenicity 

on t omatoes. 

Resul t s and Discussion 

Lesions developed on a number of t he seedlings which survived 

t he trans planting from blotters to the soil but P. syringae pv tol71Clto 

wa s no t isolated from any of t he seedling parts sampled. Most of the 

lesions pr obably resulted from injuries received during transplanting . 

If mo re seedlings had survived the tra nsplanting then the possiblity 

of seedli ng i nf ec tion occurring or of a positive isola tion being 

made wo uld be i ncreased. To few seedlings wer e used in this t rial 

to dr aw any c oncl usions . 

TRIAL 4 

This trial a imed t o i solate t he pa t hogen fr om s ee dlin gs ger minat ed 

f r om artificially and naturally i nfeste d s eed and to es tabl ish how 

t he pathogen wa s associate d with the seedling a f t e r see d-plant 

t ransfer by surfa ce s terilising the cotyle dons a nd fir s t leaves 

pr ior to i solating. 
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Ma terials and Methods 

Vacuum infiltrated 'VF 145-B-7879' seed and 'Beefste ak ' a nd 

' Scores by ' seed , hand extracted from fruits with over 50 l esions , 

were sown to blotters and incubated at 20-30C in sealed plastic 

containers. Sixteen percent of the seeds in the 'Be e fst eak ' seedline 

were naturally infest e d with the pathogen but the pathogen was not 

isolated from the 'Scoresby' seedline (see 3 .2. 2). One hundred and 

fifty seeds of each seedline we r e germinat e d in ea ch of three 

treatments: 

Trea t ment 1 

20-30C 10h da r k 14 h l igh t fo r t he d uration of t he e xper i ment. 

Tr~a trnent 2 

20-30C 10h dar k 14h li ght plus e xpos ure to 15C for 12h in the 

li ght s oon afL e r co t yl edon expansion. 

Tr eatment 3 

20-30C 10h da rk - 14h light plus 12h a t lOC, 1n the l igh soon 

aft e r co tyledon expans ion. 

All seedlings were sampled 10 days after the temperature 

treatments either by macerating the seedling in sterile water, or 

by enrichment cult uring t he seedlings in D4 + LiCl broth for 16-30h. 

The macerated leaf or the enrichment culture were streaked to King's 

B medium agar and blue fluorescent isolates were tested for oxidase 

pro duction with oxidase negative colonies being tested for pathogenicity 

to tomatoes. 

Some of the seedlings, of each seedline, at each temperature 

treatment were surface sterilised in 1 . 0% sodium hypochlorite for 

five minutes, rinsed with sterile water and then macerated or 
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enrichment cultured, streaked to King's B medium and tested for the 

pathogen in the usua l manner. Surface sterilis ·i ng the seedlings sho11ld 

inactivate any of the bacteria not infecting the seedlings or not in 

a prote c ted position (e.g. leaf trichomes) on the seedlings and should 

give some indication of how the pathogen is associated wiLh the 

seedling if seed-p lant transfer occurs. 

Results and Discussion 

A number of lesions developed on the genni.nating :,e edli.ngs but 

none of these resembled bacterial speck symptoms. A large number of 

seedlings were sampled regardless of the lack of symp toms. 

P . syr•ingae pv tomato was isolated from symptomles s 'Reef steak ' 

seedlings germina ted at 20-JOC with daylength light and e xpo sed t o 

lOC fo r 12h in the light. The pathogen was not i sola terl from tbe 

seedlings of the other vcirieties (':.able 18) cirid it w::is not isolated 

from anv of the 'Beefsteak' s0edlings which ~ere surface sterilised 

prior tu isoloti on . 

The pathogen was not isolated from any seedlings germinated from 

the vacuum infiltrated seedline e i cher, possiblv because the seed 

was not infested, or because insufficient seeds we n >. germinated to 

ensure the association of the pathogen with the seedlings as a result 

of seed-plant transfer . 

Schneider and Grogan (1977a) Teport ed that the pathogen s urvived 

as r esident populations on the tomato leaves. Surface sterilisation 

would inactivate mos t resident populations on the seedlings . Thus, 

if the pathogen had been isolated after surface sterilisation it would 

indi ate that P. syringae pv tom::i-to had probably infected the seedlings 

and was present in the incubation phase or as a latent infection. 

Unfortunately, the supply of naturally infested seedlines used in 

this trial was limited thus restricting the size of the trial to 

such an extent that no conclusions could be drawn. 



Table 18: Isolation of P. syringae pv torrato from tomato 
seedlings germinated at 20- 30C 

90. 

Treatment* No. of seeds No. of No. of Oxidase Pathogenicity 
germinated seedlings plate s react Lon 

sampled with blue 
fluorescent 

colonies 

V-F 145 100 50 0 

VF 145 + cold 100 80 l + 

VF 145 + warm 100 80 0 

VF u~s ss+2 so 20 0 

VF 145 + cold SS+ 50 30 0 

VF 145 + warm ss+ 50 30 0 

' Beefsteak' 100 50 5 5+ 

'Beefsteak' + cold 100 80 2 2-

'Beefsteak ' + wa rm 100 80 3 3+ 

'Beefsteak ' ss+ 80 80 0 

'Beefsteak' cold 
ss+ 80 80 1 

'Be efsteak' warm 
ss+ 80 80 0 

'Scoresby' 100 50 2 2+ 

'Scoresby' + cold 100 80 0 

'Scoresby' + warm 100 80 1 + 

'Scoresby' ss+ 50 20 0 

'Scoresby' + cold 
ss+ 50 20 0 

'Scoresby' + warm 
ss+ 50 20 0 

* See Materials and Methods for details on treatnents 

1vF 145 = 'VF 145-B-7879' 

2 
SS+ = Surface sterilised with 1.0% sodium hypochlor ite 

tes t 

2+ 
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(iii) Germina t ion in a mi st chamber 

Mater i als and Met hods 

As well as per f orming ge rmination t ests on b lotters , vac uum 

infiltrated 'VF 145- B- 7879 ' s ee d , ha nd extracte d ' Beefsteak ' seed 

(16 % infected) and a commerci a l ' Moneymaker ' see dline (at l eas t 

0. lL+ percent infeste d) were ge rm i nat ed in s t erile soil i n a mist 

chamber at 16-25C . The water supp ly , used in the mist chambe r, was 

tested for the presence of the pa thogen prio r to the commencement of 

thi s work. No blue f l uore sc ent i so l ates were a pparent on Ki ng ' s B 

medium agar after 4 da ys incubation. The only possible source of 

i noculum, be sides the s eed, is any ubiquitous speck o r ganisms present 

in the air or on the mist chambe r walls. As a contro l , pathoge n 

free s eed was germinated in sterile soil, in iso l ation from infest ed 

s eeds, in the mist chamber . 

Seedling part s we r e sampled soon afte r eme r gence , a t the f i rst 

l ea f stage and at l ea s t one month aft e r s owing by pl ac i ng seedl i ngs 

in D4 broth plus LiCl. All r oot sampl e s we r e wa shed in s t e rile 

wate r pr io r t o enrichment culturing. The br oth was en r iched for 

16-JOh and t hen stre aked to Kin g ' s B medium agar fo r 1-2 days at 

25C. Blue fluor escent co l oni es we r e t ested f or oxidase pr oduc t ion 

with oxidas ne ga t i ve colonies be ing t es t ed for pathogenici t y to 

tomatoes . 

Results and Discussion 

The pathogen was not isolated from any o f the s eedlings, germinated 

from either the vacuum infiltrated 'VF 145-B-7879' seedline or the 

naturally infested hand extracted 'Beefsteak' seedline, in the mist 

chamber. Some of the 'Moneymaker ' s e edlings germinated from a 

bacterial speck infested commercial seedline, developed lesions 

typical of bacterial speck. However att e~vt s to i s ola t e f r om these 

lesione d seedlings were unsuccessful. 
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Although Bashan et al (1978 ) and Kim (19 79) were able to isolate 

P. sy r>ingae pv tomato from seedlings, germinated from naturally 

infe sted seedlines in moist chambers , the pathogen was not isolated 

from any seedlings germinated in the mist chambe r in this study. All 

seed l ines were i nfe s t e d with the pathogen so why seed-plan t transfe r 

did not occur can not be explain ed . The environmental conditions 

may have differed although Kim (1979) reported that seedU ngs 

germinated at sjmilar temperatures in a moist chamber , became infected . 

(iv) Germination in commercial nurserie s 

Materials and Methods 

'The germina t io n of seedlings in r wo commerciRl nurseries were 

observed in an atte1 pt to identify seed-plant transfer in a commerciAl 

situation. The t -[me whe infection fi.r s t appeared i_n each nursery was 

r cord d ar.d correLH ed 1vith the environmental conditions prior to the 

disease outbreak. Departmen t of Scientifir and Industrial Res earch , 

Palme rston North's me terological r:::,ad i ngs were used to record o utside 

temperatur~s and rainfall and 0hakeq Air Force Base' s AEro Weather 

Report was used for all haromerric prcss11re readings and relative 

humidity records. 

In one nursery seeds of 5 varieties, viz., 'Beefsteak', ' C: r oss0 

Lisse ', 'Moneymaker', 'Russian Red' , and ' Scor esby ' were genninated 

in me t hyl bromide treate d soil (Plate 13) and the seedlings we r e 

observ e d , at least once a week, from emergence unt il sale between 

6 August 1979 (6.8 . 79) an d 31 Oc tober 1979 (3 1.10.79) . The 

tempe r ature was recorded in the glasshouse on a thermograph with 

a range from - 30C to 40C. In th e other nurse r y , seedlings of the 

varieties ' Moneymaker' , 'Potentate ' , ' Russian Red ' and 'Scoresby' 

wer e observed at lea st once a week from 6.8 . 79 to 31. 10 . 79 between 

ge rmi nat ion and sa l e . The temperatu re was not monitored at this 

nursery . All seedlings in b o th nu r series were overhead watered . 
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In this work there was no control over outside sources of inoculum. 

The pathogen may have been present in the treated soil, in the 

unsteril ised seedling trays, on the unsterjlised glasshouse walls or 

floors. If the pathogen is ubiquitous, it may even be airborne. 

The water supply was sampled for the pathogen a nd P.syringae pv tomato 

was not isolated. As a partial control each seed l ine was germinated 

in steri le soil , in sterile seedling trays in an unheated University 

glasshouse, which had no past record of tomato growin g . The seedlings 

were transp lanted as in the nursery situation and returned to the 

nursery for sale. Only one sowin g was made for each seedline in early 

Sep tember 1979. The temperatur e in this glasshouse was monitored 

using a thermograph. 

Results and Discussion 

No seedlings in the commercial nurseries or ·in the control 

glasshouse showed any speck symptoms during August or S~ptember 1979 . 

Seedling infection occurred in the two commercial nurseries between 

2 .1 0 .79 and 8 . 10 . 79 . Bacterial speck was first observed in 'Beefsteak' 

s eedlings, in the ro ld frames, in one nur sery . In the other nursery 

' Moneymaker' was the first v a riety in which the disease was evident 

with both seedlings in the g osshouse and the cold frames showing 

speck symptoms . ThE: incidence of disease was much higher in the 

cold frames than in the glasshouse , but in one corner of t h e glasshouse 

under a l eak in the roof a high percentage of the seedlings were 

infested. 

Initially the disease was only prese n t in these two varieties and 

the incidence of disease in these varieties increased rapidly . Some 

of the other varieties grown in the nurseries, viz. 'Scoresby ' 

and 'Potentate' are very susceptible to bacterial speck. Howeve r, the 

incidence of disease was not high in any other varieties and no symptoms 

appeared in these varieties until after the 15.10.79 suggesting they 

were not exposed to the source of primary inorulum. 



Plate 13: Tomato seedlings in a glasshouse at a commercia l 
nursery. 

94 . 
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This work did not isolate the seedlings from all other sources 

of inoculum. All varieties were grown under the same conditions 

and the disease was only prevalent in 'Beefsteak' and ' Moneymake r ' 

seedlings, although all varieties are susceptible to bacterial speck . 

This indicates that the pathogen probably infected these seedlings from 

a source of inoculum to whic h only they were exposed . The only 

possible source of inoculum, not common to all seedlings in each 

nursery, is the seed . 1be fact that P. SY1'ingae pv torrato was 

isolated from the 'Beefsteak' and 'Moneymaker' seed by nse of the 

Cooke's microtitre plate system and the agar plug technique further 

indicates that the seed is likely to be the source of prima r y inoculum. 

Although the pathogen probably infected the seedlings as a 

result of its assoc iation with th seed, this does not e xplain why 

the disease first appeared in the seedlings between 2.10.79 a nd 8.10 . 79 

wh e n bo th seedlines were germinated in the nursery and the Universi t y 

glasshouse between 6.8.79 and 31.10.79. The environment a l conditions 

between the 21.8 .7 9 and 20 . 10.79 were st udi e d to determine if there 

was any correlation between the environmental conditions and the time 

of disease out.br·eak . Some relationship between these two fa t ors 

dos appear to exist, hence a more detailed explanation is 

presented. 

In the nursery where the thermograph recordings were mad e the 

disease was only apparent in cold frames. Accordingly only the 

outside maximum and minimum t emperatures as r ecorded by the DSIR, 

Palmerston North (Appendix IV, Figure 2) were compared with the time 

of disease outbreak. Because of a microclimate effect the temperature 

in the cold frames in the vicinity of the plants is probably l-2C 

higher than the temperature shown in the histogram. The mean daily 

relative humidity was calculated from the recordings made at Ohakea 

Air Force Base because the DSIR only makes one relative humidity 

reading a day (Appendix IV, Figure 3). This figure can only be 

taken as a guide because Ohakea is some 30 km from Palmerston North 

and because of the boundary layer effect on relative humidity caused 

by transpiring leaves (Schneider and Grogan 1977a). The daily rainfall 
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(Appendix IV , Figure 3) recorded at DSIR, Palmerston North, was only 

graphe d after the 11.9.79 because prior to this date any seedlings , 

which later showed symptoms of bacterial speck, were in the glasshouse 

and were overhead watered daily. 

Strobel and Mathre (1970) report that a change from high to low 

barometric pressure increased the susceptibility of beans to a 

Pseudomonas species and the susceptibility of tobacco to P. syr•ingae 

pv tabac·i . A study of the barometric pressure (Appendix IV, Figure 4) 

and relative humid.Ly histograms shows that the barometric pressure 

is approximately an inverse measure of relative humidity. The 

author suggests that the increased susceptibility of beans and tobacco 

to pseudomona'.d phytopathogens reported b,7 Strobel and Mi:Hh r e (1970) 

is due to an increase in relative humidity and not to the decreased 

barometric pressure. 

The ma ximum and minimum temperatures, the mean daily relative 

humidity and the rainfall were used to identify periods when the 

environmen ta l conditions would favour ba terial spe ck development 

in the 7 weeks preceeding t he disease outbreak . Basu (1966) reported 

that distinct bacteri.al speck symptoms developed when conditions of high 

humidity (87-97 %) and moderate temperatu re 23-28C prevailed for 

5- 14 days . Schneider and Grogan (1977a) reported that free moisture 

on the leaf promotes growth of resident populations and infection. 

Other researche r s have also reported that high relative humiditjes, 

temperatures in the 17- 26C range and free leaf moisture favour 

infection (Grogan et al 1974; Schneider and Grogan 1977 a and b; 

Bashan et al 1978 and Pohr onezny et al 1979). 

In this research all daily mean relative humidities over 85% 

were identified and compared with the temperature and rainfall. 

The relative humidity averaged over 85% on 5 days between the 21.8 . 79 

and the 11.9.79. On all high relative humidity days, except for 

2 . 9.79, the maximum and minimum temp ratures were below lSC and 

lOC respectively , temperatures which have not been reported to favour 

bacterial speck development. On 2.9 . 79 the average relative humidity 
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was 89% a nd the t emperat ure r eached a maximum of 17C and a minimum of 

11.SC . If the effect of the leaf microclimate i s taken into 

consideration, then it is possible that these environmental conditions 

could favour bacterial speck development. Between 12.9.79 and 

16. 9. 79 t he rainfall kept the leaf surfaces of any plants in the 

cold frames moist and the temperature and relative humidity were 

favourable for speck development. By examining the histograms it 

a ppears that the envi r onmental conditions were also favourable for 

speck development on 29.9 . 79 and 30 . 9. 79 and again on 8 . 10.79 

and 9.10 . 79. 

The dis ease outb r eak may have originated from the favourable 

environmental conditions on 2.9.79 or on 12 . 9. 79 - 16 . 9 . 79. At this 

time P.syriingae pv tomato could have become es tablished as resident 

populat ion s on the leaves (Schne ide r a nd Grogan 1977a) and survived 

as r esident popula tio n s until 29.9. 79 or 30.9.79 when the condi t ions 

f avo ured both infection and spr ead by rainsplash . Bacterial speck 

symptoms were apparent 8 days l ater when the environmen t al conditions 

again favoure d spread and development of the pathogen. An increase 

in the numbe r of i n fected seedlings was observed between 8. 10.79 and 

15.10.79, possibly resulting from the favourable cond ' tions for 

bac terial speck development on 8 .1 0. 79 and 9 .1 0.79. 

Although any relationship between environmental co ndit ions and 

disease outbreak may be purely circumstantial, a correlation between 

the two does appear to exist and provides an explanation for the 

appearance of bacterial speck symptoms on 8.10.79 . However, to 

extract any conclusive evidence from such data, a large number of 

nurseries would n eed to b e surveyed fo r a number of years. 
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3.4.5 Conclusion 

When this research commenced, there was no conclusive evidenc 

tha t P.syringae pv tomato could be seedborne. However, since 

commencing this study, work by Bashan et al (1978) and Kim (1979) 

has presented evidence that P.syringae pv tomato can be seedborne . 

The results presented herein substantiate these reports :rnd prove 

that P. syringae pv tomcxto can be seedborne. in New Zealand . The question 

of the se.edborne nature of the pathogen was approached in a s tepwise 

manner. P. syr,ingae pv tomato fulfilled the first two requirements 

tested for it to be seedborne , viz , plant-seed transfer and seed-seed 

transfer and although it is not possible to conclusively report that 

the pathogen can infect the seedlings ca using bac t erial speck symptoms, 

it is possible to conclude that seed-plant transfer can occur. The 

appearanc e of bacterial speck lesions on seedljngs in a corrnne rcial 

nursery app~a rs to be related to the use of infested sce<l, thus 

demonstrating that symptoms are likely to result from sced- plar1t transfer. 

However , o rh e r sources of lnocul11m can not be excludP<l. 

The importance of seed borne P. syr·!:n9<1 ,) pv to,,,,ato ha s not be.en 

reported in the literatur e , but, its importance can be speculated upon. 

Obviously the association of the pathogen with the seed enables it to 

be. transported to new areas and, because it can be seedborne , it can be 

the source of primary inoculum in ciiese prPvious l y bRcterial speck 

free are.as . The association of P . syY'ingae pv tonuto with the seed 

enables it to be constantly associated with a s usceptible host and 

thus, it could survive between seasons and infect the seedlings soon 

after emergence . These early infections can be responsible for large. 

losses in the nursery, expedite the onset of an epidemic and be 

responsible for the yield losses which are reported to result from 

early infections , although t he plants may appear to recover (Groga n 

et al 19 74). 
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It was not possible to deter mine how the pathogen infests the 

seedling as a r esult of its a s sociation with the ~ e d, and although 

the effect of environmental conditions on seed--plant tra n s f e r was 

dis c ussed , no conclusions concerning this can be drawn . 

Because the seedl.Jorne nature of P.sy1•ing·1e pv :'.;orrialo may be 

imp o rtant as a source of pd.ma y inocul urn , th e use of seed treatments 

to control such inoculum wa s investigated . 
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3.5 Se ed Tr eatme nts 

Work by Bashan e t al ( 1978) , Kim (1979 ) a nd e ar lier wo rk in 

this st udy has establishe d that P. syr ingae pv tomato can be seedborne . 

Th e impor t a n ce of P.syringae pv tomato b e i ng seed borne ha s been 

speculated on i n the conc lusions on s ee d-plan t tr an s f e r. 

If the pathoge n is widespread in it s occurre nce it c ould be 

intro duced into ne w are as or initiate infec tions i n th e nur se r y even 

i f a ll of t h e s pe ck organisms in a s socia t i on with the seed a r e 

i na c tivat e d . Fo r these r e a s ons i t may seem pointless using c l ean 

seed, a s th e pa t ho ge n c ould infect t he plants any way . However , i n the 

nursery , a speck epidemic is l i ke l y to occur ear l y if t he pathogen i s 

in ass o ciat i on wi th the see d and infects seedlings soon af t er 

ge rmination. If P. syr/ngae pv tomo.r;o infects t he seedling, as a 

r esu lt of i ts ubiq uitous nature, t hen the c hance associa t ion and 

i n fectio n , is mo r e likely to occur in established seedlings wjt h 

l arge r leaf s urface areas for the pathogen to be deposited upon . 

The use of clean seed would, at the l east, de l ay t h e epidemic o r 

cou l d r esult in the production of healthy seedlings i f no other 

s o u r ce s of the bac t eria are p r esent. Be c a u se nurserymen cannot 

sell_ d iseased plants , economic l oss may result f r om t he dumpi n g o f 

large n umbe r s of d i seased seed l i n g Growers of tomato t r a nsp l a n ts 

ma y suff e r ec on omic losses as ind i cated by th e 13 percen t y i eld 

redu c tions r epo r t e d t o o ccu r i n pla n ts whic h a ppea r ed t o recov e r 

from early bac t e rial spe c k in fec tions (Grogan e t al 1974). Fo r these 

re asons it may b e economic for a nu rse ryman to us e cle an see d a nd 

produce speck free s eedlings. Howeve r , if P. syr i ngae pv tomato 

free seed is used the grower would also have to e ndeavour to contro l 

any other s our c e s of ino c ulum. 

Because it only nee ds one infested s e ed and in tu r n one di seas e d 

seedling to cause an epid emic, any clean or tre ated see d has to b e 

completely pathoge n fr e e. The production of bacterial s peck free 

tomato s e ed crops is one way of producing pathoge n fr e e seed . Another 

approach is to treat the s e ed in some way whi c h complete l y controls 

any P. syringae pv t omat o in association with the seed. 
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a . Ext r action 

If a seed trea t ment Ls available which wi. 11 give comple te control--­

of the pa thogen, ideally, it should be incorporated into a seed 

extraction or cleaning programme. Several seed extraction procedures 

ex ist , all of which may directly influence the s urvival of the pathogen . 

(i) Uncleaned seed 

The ripe fruits a re cut open and the pulp is squeezed out, dried 

on pap rat room tempera ture and the s e d is packaged. The only way 

the pathoge n can be inactivated is by desiccation. 

(ii) Fermentation 

We l l ripen e d fruits are cut, the pulp is squeezed into containers 

and placed in a warm place until the seed flats to the surface , 

separating it from the seed sacs (Ch amberlain and Fry, 1950) . 

Fermen ted pulp containing P. syrinrme pv tomato was i nfe ct v rl after 

24h but not after 48h (Chamb ers and Me rriman, 1975) . 

(iii) Acidifi ca tion 

The pulp of dpe fruit is rni.xed .,rith commerc ial hydro chloric 

acid (HCl) for 3h a nd the seed washed and drj e d ( .hamberlai n and 

Fry, 1950) . Most tomato seed is extracted by the use of HCl whi ch 

contro l s any tobacco mosaic virus present as a seed contaminant and 

leaves a clean, bright seed after extrac tion. Chambers a nd Merriman 

(1975) reported that the bacterial pathogen, P.syy,ingae pv tomato 

was unable to survive in acid-extracted pulp. 

Although acid - extraction might prevent the survival of the 

pathogen in association with the seed, the use of other treatments 

was a l so considered. 



b . Other germicidal treatmen t s 

A n umber of chemicals have be en r epo rt ed to have bac t e rial 

activity against Co1"ynebacteY'ium michiganense pv michiganense 
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in tomato s eed . Ark (1944) report ed that alcohol and a numb e r of 

dyes we r e s uccessfully used co control C.michigc nense pv michiganense 

on the seed without reducing th e seed germinabil i ty or seedling 

vigour . Shoemaker and Echandi (1976) fou nd that a substantial 

reduction of bact e rial canker in seedlings c an be ob t ained by 

treating the seed with either dilute hydrochloric acid (5%) or 

d ilute s odium hypochlorite (1.05 %) . More dilute sodi um hy pochlor.it e 

(0.6 %) is a lso reported to control the bacterial canker organism 

(Kimble pers. comm. 1980) and may be useful as a seed su face 

sterilant to control P. syr•1:ngae pv tomato. 

Bashan et al (1978) repor te d that a 'surface sterilt sation' 

process , which i nvolved e xposing the seed to 70 % ethanol fo l lowed by 

1.0% sodium hypochlorite (eac h for JO seconds under vac uum) and five 

washes with s terile water , r esult ed i n a ll t oma t o seeds becoming free 

of P. sy1"ingae pv -tomato . The au t hor herei.n questions the cla im thnt 

th is practice involves s ur fa ce sterilisation but rather co n s iders it 

to be an infilt ra tion process which would not on l y i nacti vate surfare 

cont aminants but a lso could inac tivate any bactr ri a infecting 

th e s eed . 

R 
Because it was not possib le t o ar ti ficia lly inocula te Spergon 

(tetrachl oroparabenzoq uinon e ) trea t ed 1 Score s by ' se e d with P.syringae 
R 

pv tomato , Spergon may have potential as a bactericidal treatment. 

Be cause SpergonR is no longer avai lable in New Zealand so the gen11icidal 

activity of another quinone , Dichlone soi/ (2-3, dichloro 1,4 

napthoquinone) was invest igated. Dich lone SOif is toxi c to nitrogen 

fixing bacteria (Neergaard 1977) a nd also has some an tibacterial 

act ivity against Xanthomonas carnpestris pv vesicatoy,ia (Doidge) 

Young et al (Dye , 1969). Tate and van der Mespe l (1976) and Ta te 

(pers.connu . 1978) reported that Dichlone soil gave inadequa te contro l 

of P. syringae pv tomato on tomato foliage. There are no r e ports 
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of the use of Dichlone SOWR as a bactericidal seed treatment a lthough 

Thomas (1959) used it as a seed treatment for control of damping off 

fungi. 

c. Antibiotics 

Antibiotic treatments have been successfull y appl i ed for the 

control of bacterial speck in the field (Grogan et al 1975, Tate and 

* van der Mespe l 1976). St reptomycin sulphate has been used as a seed 

treatment to c ontrol a number of seedborne bacterial pa th ogens 

(Thomas 195 9, Taylor and Dye, 1976) . Seed can be treated by soaking, 

slurry treating or dusting with streptomycin sulphate (Taylor 

and Dye, 1976) . Soaking pea seed in s treptomycin sul phate soluti on 

at r oom temper ature effec t ively controlled Pseudomonas syringae pv 

pisi (Sacke tt), Young, Dye and Wilk ie, but it also reduced percentage 

germina tion . Slurry treating pea seed with st r eptomycin su l pha t e 

(2.Sg/a . i . in 10ml of H2• /kg of seed) gave good control of the pathogen 

without affecting seed germination whe r eas dusting (2.5g a.i . pe r kg 

seed) gave unaccept ab l e control (Taylor and Dye, 1976). Acco r dingly, 

strept omyci n sulphate app lied in the correct f orm, could possibly 

provide an effective s eed trea tment to cont ro l P. syringae pv tomaf;o . 

d. Heat treatmen ts 

Heat tr eatments have been regularly use d to control seedborne 

pathogens. Su ch treatments rely on the thermal inactivation point 

(TIP) of the pathogen being lower than the TIP of the seed . Hot 

water seed soaks, dry heat a nd steam-air t reatments may all be useful 

in control of seedborne pathogens. Steam-air treatments have a number 

of advantages ove r hot wa ter soaks (Baker, 1969 ) but are used relatively 

infrequent ly for control of seedborne pathogens. 

Although P. syringae pv tomato has a TIP of approximately SOC 

(Bryan 1933), Chambers and Merriman, 1975) , it can be inactivated 

by exposure to dry heat at 37C for 6 days. Temperatures above SOC 

* Avai lable in New Zealand as Agr i mycin 17R 
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will inactivate th e bacterium but they a lso reduce seed germination 

(Ark, 1944) . Chambers and Merriman (1975) reported that no 'infected 

seedlings resulted from the germination of fe rmentation extracted 

seed, hot wate r treated at SSC for 25 minutes. No conclusions can 

be drawn from this data as bacterial speck did not develop on any 

of th e seedlings germinated in their work. 

The ef f ec tiveness of acid extraction , sodium hypochlori te, 
R 

D ichlone SOW and st reptomycin sulphate as seed treatments were 

evaluated in t h is study. 

3.5. l Acid extraction 

Materials and Me thods 

The acid extraction process described bv Chamberlain ond fry 

(1950) was used in this work. Commercial hvdrochloric acid (28 ml) 

was added to t h e pulp of 2 .5 kg of fruit. Pulp and [lcid were mixed 

well, stirred every half hour during the tl1ree hour tre a tment and 

then the seed was thoroughly washed wit~ sterile water and dried. 

Because all e,....-perimenlal work was conducted with seed already 

ext r acted from tomato fruits it was necessary to determine the amount 

of acid available to each individual seed in a pulp, so that seeds 

i n the expe r imental situation would be exposed to the sam concentration 

of acid as s ee ds i n the pulp. The average percentage weight of seeds 

i n t oma to fruits wa s determined and the amoun t of HCl r equired to 

treat seed samples calculated. Approximately 2.5 % of e ach fruits 

weight is seed; therefore commercial HCl wo uld be added to a seed 

sample at 0 . 05 ml per gram of seed . 

Seed of 'VF 145-B-7879' was vacuum infiltrated with a virulent 

culture of P.syringae pv torra.to and acid extracted with 0.5 ml of 

one-tenth s trength conunercial HCl per gram of seed . The percentage 

of vacuum infil t rated seed infested with P. syringae pv tomato 

was determined, prior to acid extraction, by use of t he Cooke's 
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microti tre plate system. The acid extracted seed was tested for the 

presence of the pathogen in two ways: (i) 50 whole seeds were added 

to 10 ml of King' s B medium broth in each of 12 McCartney bottles and 

streaked to King's B medium agar after 24h at 25C: (ii) two grams of 

seed were ground in a grinder and the flour suspended in 10 ml of sterile 

water, shaken overnight on an orb ital shaker nt 80 rpm and streaked to 

King's B medium agar. All blue fluorescent colonies on King ' s B medium 

agar were t es t ed for oxidase production with oxidase negative colonies 

being te sted for pathogenicity to tomatoes. The percentage of vacuum 

infiltrated acid extracted seeds infested with the pa thogen was 

determined by use of the Co oke 's Microtitrc. Plate system. 

The effect of acid extraction on a naturally i nfe sted 'Beefst eak ' 

seedline and a ' Scoresby' seedline both hand extracted from fruit with 

over 50 lesions , was in•estigated . An effort was also ~tde to establish 

how the naturall y infested commercial 'Beefste;ik' an d 'Moneymaker' 

seedlines were extrac ted. 

Results and Discussion 

P. syringae pv tomato was isolated from vacuum infiltrated ' VF 145-

B-78 79 ' seed after acid extraction when whole seeds were added to broth 

and then streaked to agar and when the ground seed suspension was 

streaked to agar (Table 19) . 

Table 19: Isolation of P.syringae pv torrato from vacuum 
infiltrated, acid extracted 'VF 145-B-7 879 ' seed 

Isolation 
meth o d 

No . of 
replicas 

Broth to agar 12 

Ground seed suspen-
sion to agar. 8 

Blue 
fluorescent 
isolates 

5 

8 

Oxida se 
reaction 

5-

8-

Pathogenicity 

5+ 

8+ 
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The percentage of infested seeds was determined, both p r ior to 

and aft e r acid ext ract ion, t o establish what percentage of infested 

seeds survived aci d extraction (Table 20). Acid extraction reduced 

the percentage of artificially infested see ds in this tria l by 97.3% 

and, in this ar tificial situation, did not completely contro l 

P. syrz'.ngae pv torrato. 

Tabl e 20: Per .ent a ge of 'VF 145- B-7879 ' seeds infested wi th 
P. syringae pv tom.to afte r vacuum inf i ltra ti on 
a n d after vacuum infiltration plus ac id ex t ract i on 

Treatment No . of s eeds No . of seeds % of seeds 
t es t ed infested infes ted 

vacuum infiltrated 1152 637 55 . 3 

vacuum infil trated + 960 15 1.5 
ac i d extract ion 

P. syr1'.ngae pv tomato was n o t isolated fr o m any of the hand 

extracted , acid ex t racted 'Beefsteak ' (Table 21) or 'Scoresby ' 

seed l ines . In this trial infestation of thR naturally infested 

'Bee f steak ' beedline was e liminated. If acid extraction reduces the 

pe rc ent age of infes t ed seeds in t he 'Be efsteak ' seedline to the same 

e xt e nt as it r e d uces the per cen tage of infest d seeds in the 

a rtificial ly infested seedline, then a 97 . 3% reduct ion in percentage 

infestation is t o be expec t e d. Thus when the 'Beefsteak' seedline 

(15.9 % infested prior to acid extraction) was acid extracted, only 

0 . 5 % or 5 seeds in the 1056 tested would be expec t ed to be in fes ted 

in this trial. The expected number of infes ted s ee ds in the sample 

is so small that it is possible that P.syringae pv tomato was not 

isolated because no infested seeds were present in the sample tested. 
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Table 21: Percentage of hand ext racted ' Beefsteak' 

Treatment 

hand extrac ted 

acid extracted 

seeds naturally infested with P.syringae pv torrato 
before and after acid extraction 

No . of seeds 
tested 

1056 

1056 

No. of seeds 
infested 

167 

0 

% of seeds 
infested 

15.9 

0 

It was not possible to establish how th e commercial 'Bee f s t eak ' 

seedline was extracted but the 1 Moneymaker 1 seedline was acid 

extracted by a local nur sery. The pathogen was isolated from 0.14% 

of the 1440 acid extra c t ed seeds tested. 

Acid extr·ction considerably reduced the percentage of seeds 

infested with P. syrin!F1e pv tom:no in both the artificial ly infested 

and commerci:.11 seedlines. However, control was incomplete so acid 

extraction is inadequate as a seed treatment because plant infection 

could still re sult from the very low percentage of P. sy1~ingae pv tomato 

infested seeds surviving. 

Altho u gh the acid extraction process does n ot give complete 

control it significa• tly reduced the percentage of infested seeds in 

both a rtificially infested a nd naturally infested seedlines. There fo re, 

because a c id ex traction controls seed contaminan t TMV produces bright 
I 

clean seeds, and also reduces the percentage of seeds infested with 

P. syringae pv tomato~ it is recommended t hat all tomato seed should 

be acid extracted. However, fur ther seed treatment is necessary to 

guarantee complete control of P.syringae pv tomato associated with 

the seed . 
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3 . 5 . 2 Sodium Hypo chlori te 

Mat eria l s and Me thods 

One volume of vac uum infi ltra t ed ' Dor chester' seed was a dde d t o 

3 vo lume s o f O. 3 or O. 6% a . i. s odium hypochlorit e (JanolaR) for a 

20, 40 or 60 min . soak . Seeds wer e rinse d thorou ghl y with ster ile 

wa t er and tested f or t he pr esence of the pa t hogen by use of the Cooke's 

mic r ot i t r e pl at e system. Untreated vacuum infiltrated ' Dorchester' 

s eed was t e sted as a con trol. 

Res ults and Dis c uss i on 

P. syr•ingae pv tomato w;i s j sol a ted from the vn cuum i.nf i lt r a Led 

so dium hypochlorite tre a ted 'Dorc hester' s ee d sampl es and f r om th e 

untreat ed control samples (T;:ible 22). 

Table 22: Vacu um infi l trated 'Dorrhes t e r' s eed s infeste d 
with P. syringoe pv t omat o Lo t h befor e a nd af te r 
sodium hypoch l or i t e t reatments 

Tr eatme nt No . of seeds No. of s eeds i, of s eeds 
t ested in fes t ed in fe s tecl 

Un t r eated 576 89 15 . 5 

0 . 3% 20 mi n 672 20 3 . 0 

0 . 3% 40 min 192 1 0 . 5 

0 . 3% 60 min 192 5 2.6 

0 . 6% 20 min 192 11 5 . 7 

Al though sodium hypochlor ite treatme n t s conside r ably r e duced the 

percen tage of infested see ds i n a s ampl e , c ont ro l of the pathogen was 

incomplete . The maximum r eduction i n percentage i nfesta t i on was 97 % 

t he same a s f or acid extract ion , but the minimum reduc tion was on l y 

66% wi t h an average of 80 % r e duction in this trial . 
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Sodium hypochlorit e treatments at bofh concentrations and at 

all time intervals tested failed to control the path gen, thus making 

the treatment of little u se as a seed treatment . The use of sodium 
"I 

hypochlorite at higher concentrations ( e . g . 1.0%) were not tested but 

it i s possible these may have given better cont rol of any P.syringae pv 

torrato associated with the seed . Longer exposure time s may result i n 

reduced seed germinatj_on as a result of the grater imbibiti.on of 

sodium hypochlorite . 

Although the maximum reduction in percentage infestation 

is similar to that obtained with acid extraction the mean and minimum 

reduc tions are considerably lower . Because the reduction in percentage 

infestation is no better than f~r the acid ext r action process , acid 

treatments , which are a l so useful for seed extract ion, would be 

prefe rentially used as a seed t reatment . 

5 . 3.3 Dichlone SOWR 

Materials and Me thods 

Vacuum infi.ltrated 'Dorchester ' seed was slurry t r eated with 
R 

Dichlone SOW at 3.5 and 24.5 g per kg of seed . The s lurry treatment 

involved mixing 100ml of wat e r per kg of seed, with the appropria te 

amount of Dich lone sml, and then drying the see d at room temper;:, t ure. 

All ' Dorcheste r' seed used was vacuum infiltrated and the pe r cen t age 

infestation of both treated and untreated seed was de termined by 

us e of the Cookes' microtitre plate system. 

Re~ults and Discussion 

P.syringae pv tomato was isolated from a lowe r percentage of 

seeds t rea t e d wi t h Dichlone sowR at either 3.5 or 24.5 g/kg than from 

the untreated seeds . The pathogen was isolated from a similar 

percent age of seeds after both the 3.5 and 24.5 g/kg treatments 

(Table 23). The perce ntage reduct i on in infestation of 'Dorchester' 

seed as a result of the Dichlone 50WR seed treatment was 81 %. 



Table 23: 

Treatment 
g/kg seed 

Untreated 

3.5 

2!._ 5 

Infestation of vacuum infiltrated 'Dorchester' 
seed with P. syr•1:ngae pv tomato both befor e and 
after Di chlone 50WR seed treatments 

llO . 

No. of seeds 
test e d 

No. of seeds 
infested 

% of seeds 
infested 

576 

440 

384 

188 

30 

23 

32.0 

6.8 

6.0 

Although Dichlone 5owR seed treatments .. onsiderab l y reduced the 

percentage of seeds infes ted with P. syr•·ingae pv tcmato con tra 1 was 

incomplete. Because a seven-fold increase in the Dichlone sm/ concentra­

tion dtd not c'ir,nifinrntly rPd11cc the pl•reentapv <.)f 1--ei:ds i.nfl';-,tl'c-1 it 

is unlikely that jncreas ing the D.ichlone sml concentration further 

would r educe the number o f seeds infested. Acid e.xt raction and sodium 

hypochlorite treatments can be more effecti e in r e ducing the percentage 

of seeds infested with P. S!JY'ingae pv toT110.to. Acid ext r actio n is 

d d · f d · h hl · D · h 1 50,l recommen e i n pre erence to · so ium ypoc. ori te or a ic.. one w 

seed treatment but a seed treatmen t giving complete control is r equi re d. 

3.5 . 4 Strep tomycjn sulphate 

Materials and Methods 

Taylor and Dye (1976) reported that streptomycin sulphate used 

as a slurry treatment for pea seed was more satisfactory than either 

dusting or seed soaks. Accordingly, in this work only slurry treatment s 

were tested . The rate used by Taylor and Dye (1976) of 2.5 g of 

streptomycin sulphate (745 units/mg) in 10ml H20 / kg of seed was used 

initially . Half this rate, 1.25g streptomycin sulphate (745 units/mg)/kg 

of seed was also tested. Vacuum infiltrated ' Dorchester' seed was 

used and t he percentage of infested seed in treated and untreated seed 

samples was determined using t he Cooke's microtitre plate system. 
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Th e effec t of s treptomyci n sulph ate slurry treatments on seed 

ge r mi na t i on an d see dl i n g vigour was investigated by germinati n g 

unt rea t ed s eed and treated seed (2 . Sg/kg of seed) on moLst b l otters 

a t 25C i n a Copenhagen t a n k. The un t reated 'Dorchester ' seed was 

germina t ed a s a con tro l and samples of streptomycin sulphate trea t ed 

' Dorchester ' seed were germinated weekly for 10 weeks afte r treatment. 
- , 

The per centage seed germination and seedling vigour were recorded 

7 days after sowing. 

Results and Dis cussion 

The pathogen was not isolated from any streptomycin sulphate 

treated seeds but it was isolated from the untreated seeds (Table 24). 

No bacteria grew on King' s B medium agar, s tre aked with King's B 

medium broth which had been inoculated with seed treated with 

streptomycin sulphate at 2.5 g/kg of seed. However, bacteria, othe r 

than P. sy1~ingae pv tomato, grew on agar streak~d with an enriched 

cul ture of broth containing seeds treated ~ith 1.25 g streptomycin 

s ul ph ate per kg of seed. 

Table 24 : Infesta tion of vac uum infiltrat e d ' Dorchester' 
seeds wit h P. syringae pv tom(ii;O before and 
after streptomycin sulphate seed treatments 

Tr eatment No . of seeds 
t es t ed 

No. of seeds 
infested 

% of seeds 
infested 

Unt reated 

2.5 g/kg of seed 

1 . 25 g/kg of seed 

5 76 

672 

288 

184 

0 

0 

32 

0 

0 

All P. syringae pv tomato in associat i on with the seed was 

e l iminated when seed was trea t ed at both 2. 5 and 1. 25 g of streptomycin 

sulpha t e per kg of seed . 
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Because the streptomycin sulphate treatment gave complete control 

of P. sy1•ingae pv tomato, germination tests were performed to determine 

if streptomycin sulphate slurry treatme nts had a detrimental effect on 

seed germination or seedling vigour . 
.J 

At the rat es te s t ed streptomyc in sulphate treatment did not 

reduce thP percent age seed ge r mination but did appear to retard t he 

speed of seed g 0 r mination and reduce the vigour of a few seed lings after 

seed had been stored 6 weeks. This was even more noti ceable from week 

7 onwards (Table 25). 

Table 25 : Germination of 'Do rchester' seed treated with 
2 . 5 g of streptomycin sulpha t e per kilogram of 
seed 

Time 
(in weeks) 

Un treated 

treated 0 

tr ea ted l 

tr eated 2 

treated 3 

tr eated 4 

treated 5 

treated 6 

treated 7 

treated 8 

treated 9 

treated 10 

cont r ol 

No . of seeds 
germinated 

200 

200 

100 

100 

100 

100 

100 

100 

100 

50 

50 

45 

percent.age 
gern1ina tion 

98 

97 

98 

97 

96 

95 

95 

100 

99 

98 

96 

93 

comments on 
seedling vigou r 
(germination & 
growth) 

e\1en and r apid 

even and rap id 

even and rapid 

even and rapid 

even and rapid 

even and r apid 

even and rapid 

even and moderate 

even and moderate 

even and moderate 

uneven and s l ow 

uneven and slow 

In this trial streptomycin sulphate gave complete control o f any 

P.syringae pv torra.to associated with the seed . However, some bacteria 

survived the 1.25 g of streptomycin sulphate per kg of seed and 

therefore, P.syringae pv torra.to might also survive this trea tment . 

To reduce the possibility of P. syringae pv tomato surviving and gaining 



r e sistance to strept omy c i n s ul pha t e s eed treatmen t s it is prob ab l y 

a dv i s able to use the mo r e con centrated streptomycin sulphate see d 

trea t ment. 

\ 
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The streptomycin sulpha t e treatment can not be used in the 

extraction and cleaning proces s be cause it is apparent from the t r ial 

that prolonged exposure to this chemical is likely to reduce seedl ing 

vigour. Strepcomycin sulphate is best applied immediately prior to 

sowing to control any P. syringae pv tomato not con trolled by acid 

extract-ion . Stor age of streptomycin sulphate treat ed seed may be 

poss i ble if the antibiotic application is followed b an 0.5 % NaOCJ 

soak as Hu rnaydan, Harman, Nedrow and Di Nitlo (1980) reported that 

treatment of brassica seeds with the weak oxidis ing agent r educe d 

the phy t otoxic effect of streptomycin sulphat t on brassica seedlings . 

Conclusions 

Streptomyc in s ulphate was the only seE'cl treatment used in this 

t r ial wh i c h completely co n t r olled aJl ? . syr·inen8 pv tornnlo i..n 

associat i o n wit h the see d . 

Bas han et al. (1978) reported that P. Ry1•inw1e pv tomut:o was 

present o n seed as a seed concamina n t because the 'va cuum s urfac e 

ste r ilisation ' technique used in the ir work i.nactivated all 

P.syY'ingae pv tomrr ·o. This conclusi on is que sti oned because the 

' surface ster i lisati1n' may also inactiva t e bacteria infecting the 

seed as a r esul t of some of the germicide being vacuum i n filtrated 

into the seed. 

Th e surface sterilis a tio n treatmen ts used i n this st u dy , f ailed to 

c omplet ely i n ac t ivat e a ll t h e bact er i a in b o t h a r t i ficial l y 

inoculat e d and co nnne r cial 'Moneymaker ' see dl i nes, i ndica ting t hat 

P. syringae pv tomato c a n surv ive on or in t h e seed , in positions 

whe r e i t is p r otec ted fr om the s urface s terilan t . It is lik e l y that 

most i n f e ste d tomato s eeds are c ontaminate d wi t h the path ogen but 

thi s work sugges ts t hat P. syringae pv tomato can probably also i nfec t 

a low pe r centa ge of seeds . 
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Acid extraction inact iva te d most of the P.syringae pv tomato 

in associa t ion with t he seed and is a very useful seed extraction 

proce ss . However , because the pathogen surviving in association 

with a small percentage o f the seed could be responsible for an 

epidemi c , acid ext raction i s inadequa t e as a seed treatme nt for co n trol 

of P. syringae pv tomato. Sodi um h ypochlorite a nd Dlchlone sm! have 

similar short comings. 

Streptomycin sulphate see d tr eatmen ts gave complete control 

of P.syringae pv tomato associated with the seed, but because prolonged 

expos ure to streptomycin s ulphate reduced seedling vigoiir the y can not 

be applied in the seed extraction or cleaning process . However, the 

slurry seed tr eatment co uld easily be applied by nurserymen and growers 

to all seedlines sown, just Prior to planting. The cost of streptomycin 

sulpha te to treat the tomato seed (O.JSc per kilogram of seed in 1980) , 

is minimal compared t o the savings wh i ch may be made if sreck free 

seedlings are produced . 

The use of streptomycin sulphate .::is a seed trl'atment is unlike] y 

to create probl ems with r esistance , provided th e antibiotic is not 

us e d as a field treatment in speck infected areas . Regular exposur 

of P.syringae pv tomat o to th e antibio ti c, o r exposure to increasing 

c on c en t rati ons of t he a nt ibiotic , could increase the possibility 

that P. sy1~ingae pv tomato wi ll become r esistant to the drug. Bacte ri a 

gain r esistance to a drug by transferable plasmid s (Bacon pers. comm . 

1980) a nd the chan es of this occurring are increased as mo re bacteria 

are exposed to the drug . If all seed was acid extracted prior to 

streptomycin s ul phate treatments, then very fe w bacteria (only those 

surviving ac id ex traction) would be exposed to streptomycin su l phate 

so the possibility of resistant bac teri a resulting from e xpos ure to 

the drug is minimised. 

As treating tomato seed with streptomycin sulpha te is a relatively 

simple , low cost operation it is recommended that al l tomato seedlines, 

regardless of t h eir disease history, should be acid extracted to control 

TMV and some P.syringae pv tomato . The seed should also b e treated 
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at 2.5 g (7 45 unit s/mg) of streptomycin sulphate per k ilogram of seed, 

by the nurse r yman or grower, to control any remaining P.syringae pv 

tomato and ideally sown i mme diatel y . Unfortunately t his is not 

possible at present , because streptomycin sulphat e is not registered 

b y the New Zeala nd Agriculture Chemicals Board as a seed treatment 

for t omatoes. However , the autho r recorrnnends that all tomato see d 

should be acid extracted and streptomycin sulpha t e treated (subject 

to re gis tra tion for this purpose ) at l east until a satisfactory 

alternative is deve l ope d. 
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4 . SOIL AND PLANT DEBRIS 

Introduc t ion 

A number of researchers (Bryan 1933, Grogan et al 1974, Chambers 

and Mer r iman 1975, Bosshard-Hee r and Voge l sanger 1977, Schneider and 

Grogan 197 7a , Bashan et al 1978) have reported that P. syringae pv tomato 

can survive in and be isolated from soil and plant debris . Grogan 

et al (19 74) r egularly i solated P. sy11 ingae pv tomato from field s oil s 

whe r e crops with a high incidence of bacterial speck were grown . 

The pathogen survived in buried infected plant debris throughout 

the wi nter and speck symptoms regularly developed on seedlings grown 

in i nfested soils . Grogan et al ( 1974) considered that the soil is 

probab l y the main source of inoculum for the next seasons crop . 

Chambers and Merriman (1975) reported that the main carry-ove r 

be tween crops appeare d to be in the soil and i n pl:mt debris. Grogan 

et al ( 19 74) and Sch neider and Grogan (1977 a) reported that P.syringne 

pv tonuto can infect tomato roots and concluded that the r at hogen 

may be able to survive with root debris in the soil. Schnelder and 

Grogan (1977a) also reported that the rathogen .an be uhiquitons 

because it was isolated from soils with no known history of tomato 

culture . Bosshard- Heer and Vogelsanger (1977) noticed that the 

pathogen s urvived better in sterilised soil than in non-sterilised 

soil samples. In a ddition to soil pr operties such as pH and 

nutrient conten t, t he incubation temperature was the most influential 

factor determining the longevity of the pathogen in the soil ; soil 

moisture was relatively unimportant (Bosshard-Hee r and Vogelsanger 

1977) . Bashan et al (197 8) regularly isolated P. syringae pv tomato 

from soils where diseased crops were grown i n the previous season . 

The work of these researchers indica te t hat the soil and plant 

debri s are important sources of inoculum in some parts of the world . 

The importance of the soil and plant debris as so urces of inoculum 

in New Ze aland has not been determined. Accordingly this r esearch 

aimed to determine whether (i) the pathogen can survive in association 



with the soil and (ii) if the soil provides a source of primary 

inoculum in the new seasons crop in New Zealand . 

Ma t erials and Methods 

A. Direct isolation 

Trial 1 
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A 50:50 peat-sand planting mix, containing a full compliment of 

nutrients, was inoculated with a turbid 24h suspension of P. syriingae 

pv tomato by mixing 15 ml of the virulent bacterial suspension with 

ca. 300g of planting mix. Unless otherwis stated all inoculated 

soils used in the soil work were inoculated in this manner. The soil 

mix was kept moist and incubated for a week at 20-25C . 

After one weeks incu~ation isolations were made from the soil 

by diluting lg of soil with 9 ml of 0.85% sterile saline and agitating 

on a magnetic stirrer for JO mins . The four rep] Lea solutions were 

diluted 1 in 1,000, 2,000 and 5,000 and 1 ml of each diluti on was 

plated to each of 5 Kings B medium and 5 D4 agar plates. In all 

isolacion work from the soil the King's B medium and the D4 agar 

was made more selective or more differential by the addition of 

penicillin or cr ystal violet respectively. All D4 plates were 

incubated at 25C for 2-3 days. All colonies with similar morphology 

to P. syringae pv tomato on D4 agar were steaked to King's B medium 

agar. Blue fluores cent colonies on King 1 s B medium agar were 

checked for oxidase produc tion and oxidase negative colonies were 

pathogenicity t ested on tomatoes . Unless otherwise sta t ed all 

direct isolations from the soil were made in this manner. 

Trial 2 

One thousand 'VF 145-B-7879' seeds, vacuum infiltrated with 

a virulent iso l ate of P. syringae pv tomato, were mixed with ca.300g 

of the peat-sand planting mix. The soil-seed mixture was moistened 

and incubated at 25C for a week and then the seed was separated 

from the soi l with the aid of a 1.4mm mesh strainer . Isolations 
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were made from the soil mix . 

Trial 3 

Friable silt-loam sample s were collected from 3 locations 

within a severely infected tomato crop on a Manawatu river terrace 

at Aokautere . In addition to testing ten lg samples of the soi.l 

from each of the 3 locations, two 10g soil samples, from each 

locat ion, were added to 90 ml of 0.85% sterile saline and tested . 

Trial 4 

A sample of dried sewera ge , which i.s sold as a ganien fertiliser 

in Nelson, was for .Jarcled to the author for sampling . This ferti.liser 

was suspected of being a source of primary inoculum of P.syringae pv 

tomato and could possibly be r esponsible for the jncreaseJ appear ance 

of bacterial speck in that area. 

The dried sewerage sample was tested using three methods: 

i) Ten grams were added to 90 ml of sterile saline and t es ted as 

in Trial 1 . 

ii) Four 10g sewerage samples were added to 90 ml of sterile water 

in four 150 ml Erlenmyer flasks and shaken overnight on an orbital 

shake r at 80 rpm . The r es ulting suspension was filtered, under vacuum, 

through Whatman No. 1 filter paper in a Buchner funnel and washed 

through with sterile water . The filtrate of each sample was collected 

and spun at 27,500 g for 15 mi ns. using a GSA rotor . One millilitre 

of the supernatant of each sample was enriched in 10 ml of D4 broth 

and the rest of the supernatant was discarded. The pellet of each 

sample was resuspended in 15 ml of sterile water and l ml was added 

to 10 ml of D4 broth in each of 5 McCartney bottles . All D4 broth 

cultures were enriched for 36h at 25C and then diluted 1:100 and 

1:1000 to King's B medi um agar. All blue fluorescent colonies were 

tested for oxidase production. 

iii) Four 10g sewerage samples were tested in the manner desc ribed 

wi th the exception that the samples were added to 90 ml of King's B 

medium_ broth in Erlenmyer flasks. 



B. Indirec t isolation from soils (Baiting) 

Trial 1 

Treatment 1 
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The pat- sand planting mix was artificially inoculated. One 

hundred pathogen free 'VF 145-B-7879' seeds were sown to each of 

four 140 x 35 x L~S mm seedling trays and germi.nated in a mis t chamber 

at 25C . The cotyledons and first leaves were gently injured with a 

cottonwool bud and returned to the mist chamber fo r a week . Isolations 

were made from the foliage an d roots of the seedlings by macerating in 

s t erile water and streaking to King's B medium or by incubating 

overn ight on an orbital shaker in D4 broth and stre a ki.ng to King's B 

medium agar. All King's B medium agar plates were incubated for 2 d.:1ys 

at 25C and obser ved for f luorescence under ultra-violet light. Blue 

fluorescent isolates were tested for oxidase produc ion with o i.dase 

negative co lonies being tested for pathogenicity to tomatoes. This 

procedure was used for all isolat i ons and identifications made in the 

planting media baiting work 'VF 145-B-7879 ' seed ~,as germinated in 

autoclaved soil in a mist chambe r as a control. 

Treatment 2 

'Fireball' seed was sown to the surface of the peat-sc1nd planting 

mix in four 140 x 85 x 45 mm seedling trays. The . eed was covered 

with a thin layer of artificially inoculated planting mix . The seeds 

wer e germinated in a mist chamber at 25C and the cotyledons and first 

leaves were gently inj ured. Seedlings were sampled 1-2 weeks after 

injury. 1 Fireball 1 seed was sown to and covered with autoclaved 

soil , germinated, injured a nd the seedlings were sampled as controls. 

Trea tment 3 

The peat-s and planting mix was inoculated with P.syringae pv 

tomato and 100 three week old pathogen free ' UC 134' seedlings were 

transplanted into the soil mix in two 460 x 330 x 55 mm seedling t rays . 
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Twen ty seedlings were transplanted to autoclaved soil as a contro l. 

All s e e dlings were incubated on the glasshouse be n c h for the first 

week. After 1 week the roots of ten plants were sampled for 

P. syringae pv torrato and the remaining plant s were incubated at 25C 

in the mist chamber for two weeks wh e n th e roots, stems and foliage 

c f 6 inoculated seed lings and 4 c ontrol seedlings were samp l ed . 

Trial 2 

Th e 3 soil samples collected from the Nanawatu river ter race, 

were combined 50:50 with the sterile peat-sand planting mix so there 

was enough soil t o fill a 460 x 330 x 55 mm seedl i.ng tray . One 

hundred three week old path ogen fr ee 'UC 134 ' seedli.ngs were transplanted 

into t his mix and incubated in a mist chamber at 25C for 4 weeks . 

Usually only the roots of Ll1e 15 plans wer s ampled but the foliage 

of two plants was also tested. Seedlings were transplanted to an 

autoclaved so i l sample as a cont ro l. 

Results a nd Discussion 

A. Direct isolations 

Trial l 

Although th e so i l was inoc u lated with a turbid bacterial 

suspension, the pathogen was only isolate d from o ne samp l e . If the 

pathogen had multiplied in the soil a higher recovery r ate would be 

expec t e d. Therefore, the pathogen probably only survived in the 

soi l and even then the population declined c onsiderably after 

inoculation . Bosshard-Heer and Vogelsanger (1977) report e d that 

P.syringae pv tomato survived for longer than 26 days in most of the 

non-sterile soils inoculated and incubated at 20C, therefore it was 

expected that P.syringae pv tomato would survive for longer than a 

week in the peat-sand planting mix . 

• 
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Trial 2 

A number of blue fluo r escent colonies were isolated from t h e 

soil but only one was oxidase negative. This colony was pathogeni c 

to tomatoes p rod ucing symp toms typica l of bacterial speck . 

P. syringae pv tomato can infect seedlings as a result o f its 

association with the soil ( Groga n et al 197 4) Therefo re, because 

the pathogen can infest the soil when i t is intror.luced with th e 

seed i t should be possib l e for seed-soil-plant transfe r to occur. 

P. syringae pv tomato coul d be introduced into a n e w area or crop 

because of i ts association with the seed and thus, seed ling 

infec tio n could result from seed-soil-plant transfer. 

Trial 3 

A large number of blue f l uorescent colonies were isolated to 

King ' s B medium agar but none of t hese were oxidase negati ve . 

I t wa s not possible to conclude that the soil was P. syrin ne 

pv tomato f ree , altho ugh the limited soil smnple screened may not 

have bee n inf ested , the pathogen could have infested some of the soil 

the c rop was growi n g in . 

Trial 4 

Al l i solation methods resulted in t he appearance of a large 

number of blue f luorescent colonies on King's B medium agar. None 

of the blue fluorescent colonies were oxidase n ega tive thus 

P. syringae pv tonuto was not isolated . 

Because P. syringae pv tomato was not isolated from t h e sewerage 

samples does not mean the pathogen was unable to survive in or be 

disseminated in the sewerage . However, the author doub t s that any 

P. s yringae pv t omato enter ing the sewerage treatment station, in 

association with the sewerage, wo uld survive the anaer obic fermentation 
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and heat t reatmen t s used to refine s e we rage t o a dri e d garde n 

fer t iliser . The increased incidence o f b a ct e rial spe ck in the Nels on 

area may be due to the use of infest e d see d a nd the appear a nce o f t he 

disease in gar dens, us ing t he s e we r age as a gar rl e n fer t i lise r may 

be coinc id e nta l . 

The pa t hogen wa s iso l a t e d f rom art i f i cia l ly in ocu l a t ed soils 

a sho rt time a fter inoc u l a tion bu t was n o t isolated f rom any s oil s 

s uspect e d of n a t u r a lly har borin g t h e path g en. Th us , al l thi s work 

indicat e s i s that P.syY' ingce pv t omato ca n s urvive in assoc iati on 

with a peat-sand pla nling mix for sho r t pe ri od s o f t i me und e r 

gla s shous e condi tions i n New Zea l a nd. 

B. I nd i r e ct isolation from sells ( Ba iting) 

Tria l 1 

Tr e atments 1 a nd 2 

No b a c terial sp eck symp t o ms we r e ap parent on any o f t h e seed l j ngs 

germina te d i n Trea t me n ts 1 o r 2. Blue f l 1,o rcsccnt colonies W<.! re 

i so l a te d t o King ' s B m<.!di.um agar fro m the seedlings in Tre.::itmcnt 1. 

Four colonie s we r e oxidase ne ga t ive bu t none we r e pathogeni c ro 

t oma toes . Bl ue f luorescent oxidase pos it i v e colonies were iso l a t ed 

fr om the co n t r o l seedlings i n Tr eatment 1. No blue f l uorescent 

co lonies we re i solate d to Kin g ' s B medi um aga r from eithe r c on t r o l 

or seedlings i n ino culate d s oil in Trea tme n t 2 . 

The pat h o ge n may not have be en isola t e d beca use it d i d not 

contact the foliar pla nt parts. Gentl e in j ury of t he seedlings 

foliage did not appear to favour infection as expected. The pathoge n 

was not isolated from the roots possibly b e cause they were not 

injured, a process which might favour inf e ction. 
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Treatment 3 

No symptoms re sembling those of bacterial speck were apparent 

on any of the seedlings prior to incubation in the mist chamber . 

However, blue fluorescent colonies were isolated from the washed roots 

of two plants. One colony was oxidase negative a nd was pathoge nic 

to tomatoes producing symptoms typical of bacterial speck in 

pathogenicity t ests . After inc ubation in the mist chamber no lesions 

developed upon the leaves but some lesions appenred at groun d level, 

on the stems, of some seedlin gs . Thes e lesions were similar to the 

type of lesions produced in post - e mergence damping off with the 

collar like necrotic area eventually ca using seedling collapse. A 

number of blue f luorescent oxidase negative colonies were isolated 

from ei t her root or stem samples from seedlings with stem lesions 

(Table 26). Attempt s to induce this col lar-rot like symptom by 

inoc ul ating the stems of 1 UC134 1 seedlings with P.sy-ringae pv tomoto 

were unsuccessful . No symptoms appeared in any of the con trol seedlings 

and no blue fluor escent, oxidase negat ive col nies were isolat e d from 

the 4 seedlings tested. 

Tab l e 26: Isolation of P.syringae pv tomato from transplanted 
tomato seed ] ·ings 

Plant part Hea lth of No . of No. of Blue Oxidase Pathogeni city 
sampled plant seedlings fluo rescent r eaction 

sampled sampled isolates 

leaf lesioned stem 4 0 

stem lesioned stem 4 24 11- 11+ 

root lesioned stem 4 22 10- 10+ 

leaf healthy 2 0 

s t em healthy 2 0 

root healthy 2 2 2+ 

leaf control 4 0 

stem control 4 0 

root control 4 2 2+ 
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P. syringae pv tomato was isolated from the roots and stems of 

the transplanted seedl ings poss i bly becaus • both roots and st ems wer e 

injured, during transplan ting, and thi s f avoured inf ection. In New 

Zealand many tomato plants a r e produced from transplants so th e 

pathogen may infect the roots , stems and possibly the foliage dur ing 

transplanting . This work demonstrates that sojl-plant transfer, to 

t he roots a n d stems of transplan ed seedl ings , can occur from 

artificially inoculated soil . 

Trial 2 

No l es ions appeared on a n y seedl in g parts but blue fluorescent 

colonies we r e isolated from most seedlings sampled . Only t wo blu e 

fluorescent isolates were oxidase nega tive , both producin g spe ck 

like symptoms when pathogenic itv t es t e d o n tomatoes. Both positive 

i so l at ions we re made fr om the roots . No blue f luore s cent co lo nies 

were is ola ted f r om the control seedlings . 

The pathogen wa s no t i s olated fr om the soil sample by the direct 

isolation method but was iso i1 ted from th e sample when the tran s planted 

seedlings we r e used as bait. Thi s work demonstrates that the soil can 

act as a source of inoculum fo r P.syr·ingoe pv tomato in New Zealand . 

The survival of P. syringae pv t omato in natura l] y in f e s ted soil 

wa s not t ested . However, pres umabl y und e r favou r able conditio n s 

survival co uld be simi lar to that reported in other countries of the 

world. Most a r eas where the survival of P. syringae pv t omat o 

in the soi l has been r e ported hav e ari d climates so th e surviva l of 

the pathogen in the wetter climate of New Zea l and may b e affected . 

Conclusion 

If a grower plants bacterial speck free transplants into a soil 

infested with P. syringae pv tomato the n it is possible that seedling 

i nfection will occur. Soil-plant transfer may prevent growers using 
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bacterial speck free transplants, from growing disease free plants 

in New Zealand. Although i..nfe c tion may occur, with the soil as the 

primary source of inoculum , it does not decrease the necessity to us e 

pathogen-free seed as the production of healthy transplan t s delays the 

onset of disease , re duces the yie ld l osses which result from early 

infections (Grogan et al 1974) and reduces the loses which can occur 

in the nursery. 

In New Zealand it is not economical to s t erilise field soi l s to 

c ontrol P.syr,ingae pv tom:1to . However , i n the nursery sit uation and 

in glasshouse plantings soil sterilisation cou ld e n able the produc t ion 

of disease free seedlings or plan t s. No work has been done on t h e 

effect of soil sterilant treatme nts on the s urvival of P.sy~ingne pv 

tomato. Although P. sy11 ingae pv tomato can survi..ve in the soil in 

New Zea l and for short periods of t ime, its ability to survi ve prolonged 

in c ubation in the soi t and the importance o[ the so il as a p r im~ry 

source of inoculum has not been estahlishecl. 

In thi.s study no work was done on the survival of P. sy1•in:1ae 

pv r:omotc jn pl;1nt debris hut it is like] y that the pathogen, in 

commo11 wj th some other folicir bact eria l pc1thogens, an survive in 

infected plan t debris, thus providing a source o f inocu]um in New 

Zealand . However , because decomposicion o f plant debris is like]y 

to be much more rapid in th e wetter climate of New Zealand than in 

some of the countries wit h arid climates where research on this aspect 

of the disease has been unde rtaken, the pathogen is not likely to 

survive in association with plant debris in t h is country for as long as 

it does in a dry climate. 
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5 . ALTERNATI VE HO STS 

Introductio n 

P. syringae pv tomato ca n survive as r esident populations on tomato 

leav es and is also repor t ed to be u biquitous (Schneider and Gr ogan, 

1977a ) . As the pa t hogen ~s ubiquito us i t should be able to surv ive 

as re siden t populations or as epiphytes on a l terna t ive hosts and 

pos sib l y i nfec t some species. Br yan (1 933) reported that i noculat i ons 

of seedlin gs and we ll gro,m l eaves and fruit of eggplant , bell pe ppers , 

pimen t os , bea n, cuc umbe r an d sq uash f ai led to prod uce any infect i ons . 

Un f or tun a t ely isola t ion s f rom the un l es i o ned leaves were not attempt d 

so t h e a b i lit y of t h e pathogen t o survive on these plants was no t 

r e po r t e d . P. syrfr1ga e pv tomato c a uses a hypersensi t ive reaction whe n 

ino c ula t e d to Nicotiana tabacu/11 L. ( tobacco ) and thjs reaction is 

used i n s ome de t ermi na t i ve schemes for i dentification (Lelliot t et al 

1966) . 

Gr ogan et aZ r eported t hat plants oLher than tomato ma y be 

i nvolved in t he s oil popu l ation dynA.mics of P. syr1'.YJ.gne pv tomat,c . 

Schne i de r a n d Groga n (1977a) isolated P. syring e pv tomnto from the 

leaves of Bras"'iC'a campestris L . (wild turnip). Hr•.,;ssierr nign1. (L . ) 

Koch ( b l ack mustard) a nd Erodium cicutarium (L . ) L ' He r (redstem fila r ee) 

all growing in a 40 year o l d prune orch ard. I t was also i so l ated 

from t he roots of Triticwn v1,lgare L. (whea t ) , Beta vulgaris L. 

( s ugar bee t) , Matricar1:a matricariodes (Less .) Pa r ker (p ineapple we e d ) , 

Erodi wn botrys (Cav.) Berto 1 . (broa d leaf f i l a r ee ) , r edstem fi l a r ee 

a nd t omat o, both in a r e a s wit h and wi thout a previ ou s history of 

tomato cul ture . None of these pl ants showed a ny s ymp t oms o f ba cter i a l 

speck . 

P. syringae pv tomato is n o t the only pse udomonad which i s able 

to survive a s an epiphy t e on other hosts. Thi s abili t y has bee n 

reported for othe r pat hova r s of t h e P. syPingae spe cie s (Le b e n 1974; 

Ercolani , Hage dor n, Kellman and Rand 1974; Schne i der and Gro gan 

19 7 7a; Latorre and Jones 19 79 a & b ) . 
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In this study attempts were ma de to i nocu l ate a nd isolate the 

pathogen from a n umber solanaceous plants and fr om a numb e r o f 

weed species collec ted f rom wi thin a bacterial spe ck infected crop . 

Ma t e rials and Me t ho ds 

A. I solatio n fr om inoc ulated pla nt s_ 

Eigh t pla n t s o f each s p ecies , n amely Capsirnun fr·utes,,ena L . 

( g r een pepper ), Cucumus sativus L. ( c ucumher ) , futur•a .strnmonium L . 

( t h o rnap ple ), Nicottana glutinosa L . , N. tabacurn L. (tobacco) , 

Petunia hyfo-,{da \l i lm ., Solanuri mel-lngena L. (egg p lant ), Sc17-ar1·.m1 

muricar,turn L. ( pe p i n o ) , Solanurn nigrum L. (black n ightshade ) , a nd 

Solanur-1 t;uberoswn L . (po t ato ) , were inoculated with a turbi.d 24h 

v irul en t cul ture of P . syrinqae pv tom:ito . One plant of e;-1ch spec les 

was inocu l a t ed wi t h sterile water as a contro l . All e xponded leaves 

and co t y l edons we r e i n oculated b y gent ly r ubbi n g wi th a co t tonwool 

b ud . Fo ur p l a nt s of e a c h s p ec i e s were incubated on a gl asshouse 

b e nch at 20- 25C and overhead wate r e d dai l y . The o t her four plants 

of eac h spec i es we. re incubate d in a mist chambe r at 20-- 25C. Al l 

p lant s we r e r egu l arly observed fo r s ympt om p rodu c ti. o n a nd t wo p l ant s 

from th e g las shouse be nch and two pla nts f r om the mi s t cha mbe r we r e 

sampled 2 and 4 weeks after inoc ulation. P l a n ts we r e s a mpled eith e r 

by mac erating inoculated and non-inoc ula t e d l e ave s in s t e ril e wat e r 

and streaking to King ' s B Medium or by enri ch i ng inoculate d and 

non-inoculated leaves in D4 broth on an orbital s haker at 80 rpm 

over ni ght and streakin g to King ' s B medium aga r. All blue fluor e s cent 

colonies were tested for oxidase production an d all oxida s e 

n egative colonies were pathogenicity tested on tomatoe s . 

B. Isolation f rom s ymptomless plants 

A ntnnber o f plant spe cies , name ly Amaranthus powellii L. (red ro ot ) 

wild turnip, Capsella bursa-pastoris (L.) Me d. ( s he ph e rds purse), 

Chenopodium albwn L. (fathen), Coronopus didymus L. (twincress), 

lli. t ura stramonium L. (thornapple), Ma l va sylvestris L . (mallow), 
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Nicandra physilodes L. (apple o f peru), Polygonwn per>sicartn. L. 

(willow weed), Rwnex cr>i,pus L. (dock), Sener:io v1.Alga:r•1:s L. 

(groundsel), black nightshade, pot a to and Tar>o.:rar:um offi~inole 

Weber (dandelion) were collected fr om within a severely speck 

infect e d crop at Aokautere on a Manawatu river terrace . The roots 

and foliage of 4 plants of each species were samp l ed. All soil 

adhering t o the plants was washed off with sterile wate r and plant 

parts we r e sampled in the manner used to isolate from inoculated 

plants . 

Res u l t s and Di scussion 

A . Isolation from Inoculat ed plants 

P. syringae pv tomato was re-isolated from mc,st plan t species 

sampled both 2 and 4 weeks after inocul.:i t i.on (Tabll· 27) and was 

neve r isolated from the co ntrol plant or non-inoculatP<l leaves . 

The pathog('n induced a hypersensitive rt"action in both N. gl,.11tinor;n. 

(Plate 14) and tobacco. Symp oms typical of bacterial speck of 

tomatoes develop don yo ung egg plant leaves (Plate 15) hut 

lesions typical of those caused by P. syr>1:ngae pv t:oma.to were not 

produced on a n y other plants. However, both green pepper and 

thornapple showed hormone-like symptoms af t e r ino c ulat"i on . Both the 

water inocu lated control and P. syringae pv tomato j noc ula ted peppers 

i n i ti a l ly showed a down curling of the central leaf vein followed 

by a downwa r d c url i n g of the leaf lamina . All new leaves formed 

after i noculation developed th:is symptom. Non-inoculated plants 

showed no symptoms. A shoestring effect and distortion occurred in 

the tho r napple plants inoculated with P. syr·ingae pv tonuto a n d this 

symptom was apparent in all new leaves . The cause of this condition 

was not identified. 
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B. Isolation from symptomless pla nts 

No blue fluorescent, oxidase negative c o lonies were i sola ted 

from a n y plant par t s sampled from any o f the wee d species col l ec t ed 

from wi t hin a bac t eria l speck infected tomato c r op. 

Thi s research has demonstrated that P. sy1°inga.e pv tomato can 

survi ve on a l ternative h os t s as an epiphyte and , although Bryan (19 33 ) 

r eported no symptoms were apparent in eggplant, Lt can infect and 

produce lesions t ypical of bacterial speck l esions on the young 

inocu l ated leaves of eggp lant in N w Zealand . Because the pathogen 

was not isolated from any of the plant species sampled from n diseased 

crop does not mean it cannot natura]ly survjve in nsso c iation wi th 

other plant species. This work has dernonstrated tha t F.s'!tY'ingae pv 

tonuto can survive on a number of the plant species t ested for nt 

l east four weeks under the artifi cial condit ions of the experiment . 

The pathogen was not isolated from any plants co llected from 

diseased fields so the importa~ce of alternative hosts as sources 

of primary lnoculum in New Zealand was not established. Although 

no explanation can be given for these resu.1ts they are rather 

s urprising if the fin dings of Schneider and Groga n (1977a) are 

considered . 



Plate 14: Hyp<:?,s£>n_.sitive reae ti on of 7✓ • 9 1 uti;tt)80. (ri gH) to 
i. nfestat i or: by P.syr>1.:n

0
a e ;:,v t;,:;mctc. tip,1ltny r.::ont r oL 

lea f (left ) . 

Plate 15: Bacterial speck symptoms on artificia lly inoculated 
egg plant l eaf (right) and a healthy leaf (left). 
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Tab l e 27: Isolation of P. syY'ingae pv torrato from inocula t ed 
leaves of some plant species 

Plant Incubation Time after No. of blue Oxi - Pathogeni-
s pecies conditions inoculation fluorescent <lase city 

(weeks ) "L so lates react ion 

C. frutescens Gl 2 3 3- 3+ 
M2 2 0 
G 4 0 
M 4 4 4- 4+ 

C. sativus G 2 0 
M 2 2 2- 2-
G 4 0 
M 4 0 

D.stramonium G 
,., 

2 2- 2+ L 

M 2 1 + 
G L, 0 
M 4 3 3- 3+ 

N. glutinosa G 2 20 20- 20+ 
11 2 9 9- 9+ 
G 4 5 5- 5+ 
M 4 15 15- 15+ 

N. tabacum G 2 whole p l ate + 
M .... " II + L 

G 4 2 2- 2+ 
M 4 0 

P. lwbrida G 2 1 + 
M 2 4 4- 4+ 
G 4 4 4- 4+ 
M 4 2 2+ 

S. melang__ena G 2 whole plat<' + 
M 2 II II + 
G 4 11 II + 
M 4 II " + 

S.rnuricartum C 2 4 I+ - 4+ 
M 2 2 2 - 2+ 
G 4 5 5- 5+ 
M 4 8 8- 8+ 

S.nigrum G 2 4 4- 4+ 
M 2 0 
G 4 0 
M 4 1 + 

S . t ube ros um G 2 0 
M 2 0 
M 4 1 + 

G = i ncubation on a glasshouse bench 

2 
M i ncubat ion in mist chamber = a 
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6. SYSTEMIC NATURE OF' P. SYRINGAE PV TOMATO 

Introduction 

Some research has been done to det rmine if P. syr1:nga.e pv tomato 

can i nfect tomatoes systemlcally . Grogan et al ( lr/74) isola t ed the 

pathogen from necrotic root lesions and reported that it did not 

invade the plant sy. temicall y. Bashan et al (1978) were unahle to 

demonstrate infection of the vascular S)Stem by J so ] ating from leaves 

and vascular tissues and concluded that P.syPingae pv tomato was a 

local lesion pathogen. Thus bacte rial speck is similar to most other 

bacteria causing leaf spot d iseases which apparently do not move 

through the plant vascular syst em (Goodman, Kiraly and Zaitlin 1967). 

Some bacterial diseases ca used by P.syr-ingae pa rhovars are 

reported to be systemic, including ?seudomona. s B'!/'f'inuae pv Zaehr•y,.,vns 

causing angular leaf spot of cucumber (Pohronezny et al 1977) and A 

tumour i.nducing bacteria Pseudomonas syring:ie pv savashnoi (W i J son 

· nd Magie , 1964). Th,~ author of this thesis could sec no rc'8SOn 

why P. syr!..ngae pv -tomato could no t invade tomato plant s systerni ca lly , 

especially when other µa thovars of P. sy1'inr,;,2e can inf- eel tile.i. r hos ts 

system:ical]y . Conscqueni- ly the systemic invasion of host plants by 

P. sy1°ingae pv ccmato was invest i.ga ted. 

Mater:ials and Methods 

Five week old 'UC 134' tomato seedlings were inoculated with 

P.syr-ingae pv tomato in each of the methods described. 

(i) The tomato leaves of 8 plants were inoculated by injecting a 

turbid 24h cul ture of P.syrin.gae pv t omato into the midvein, with 

a f ine gauge hypodermic needle, unt il a small visibly water soaked 

area appeared around each inocula t ion site (Miller 1975) . 

The inoculum was allowed to move slowly out of the syringe into the 

plants vascular system. The inoculated leaves of four plants we r e 

enclosed in plastic bags and the inoculated mi.dvein areas on the 
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other four plant's l eaves were covered with petroleum jelly . 

(Pohronezny et al 197 7). Two plants were inoculated with sterile 

water and the leaves o f one plan t were e nclosed in a plastic bag; 

the inoculation sites on the other plan t were covered with petro l eum 

jelly as c ontro ls . 

(ii) The s t ems o f eight tomato seedlings were inoculated with the 

turbid 24h bacterial suspension by injecting into the vascular 

system in a numb e r of positions b etween the first and second leaf 

internodes. The stems of f our plants were wrapped in parafilm a n d 

the inoculation s ites on the oth er four p lan ts were covered wi th 

petroleum j e lly. Two plants were inoculated with sterile water an d 

wrapped in parafilm or covered with petrole um jelly as controls. 

(iii) The stems of eight tomato seedlings were inj~cted with the 

turbid 2t+h bacter i al suspension j st above ground level. The 

inoculation sites of -our plants were wrapped with parafilm An on 

the other four p l ants were covered with petroleum j elly. Two plants 

were inoculated with sted J e WR tL'r ;-is controls and the inoc Lit ion 

sites were covered wiLh parafilm nr petroleum jelly. 

(iv) The roots of eight tomato seedlings were i_noculated by rerr.oving 

the seedling f r om the pot and carefully ·nj ecting the barteri;:il 

suspens ion into the root system . 1\,,10 plants were i.nocu]ated with 

ste rile water as c ontrols. All seedlings were repotted and alumi ni um 

foil wa s wrapped t i ghtl y around the s t e m and the top of t h e pot 

(Plat e 16) . 

Because eggplant was found t o be susceptible to P. syringae pv 

tomato five week old eggplants were inoculated by inj ec ting a tur bid 

suspension of the pathogen into the mid leaf vein of three eggplants 

and into the stems of three plants just above ground l e vel. Leaves 

and stems of two plants were inoculated with sterile water as controls . 

All leaf inoculation sites were enclosed in plastic bags and al l 

stem inoculation sites were wrapped in parafilm. 



Plate 16 : Tomato plant showing the tinfoil wrapped around the 

pot and the lower plant stem after root inoculation 
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All inoculated plants were incubated on a glasshouse bench at 

20-25C for 2 weeks and cap i llary watered to prevent any bac t erial 

spread by water splash. The plants were removed from the pots and 

all adhering soil was washed off the roots. All plants were sampled 

by taking non-inoculated leaf samples, stem samples from just 

below the apical meristem, stem samples from just above ground level 

or 1 cm above the low stem inoculation site, and non-inoculated root 

samples . 

Samples were surface sterilised by ernersion in 1% sodi um 

hypochlorite for 5 minutes and rinsed in sterile water for 1- 2 mins. 

TI1e epidermal cells of all stem samples were scraped off with a 

sterile scalpel blad~. All samples were macerated in sterile wat e r 

and streaked to l:'ach of 2 King's B mPrlium agnr plates. B]ul' 

fluorescent colonies 1,,•ere: tested For oxid ,1se prod 1.icti,111 w1 th 

oxidase negative co lonies being t ested for p,1thogeniciry to tomatoes. 

Resu]ts and Discussion 

P. syringae pv rorriato was isolnted from only c-nP p~ant p;irt 

sampled on th tomato plants, a hjgh stem sample~ from about 1 em 

above the inoculation site (Table 28). No b]ue fluorescent 

colonies were isolated from the control plants . 

Because P. syrin.gae pv tomato was not regularly isola t ed from 

the tomato plant parts sampled this work supports the views of 

other researchers that the pa thogen does not become systemic . 

If P.syringae pv tomato were systemic in tomatoes this could 

explain how the pathogen becomes associated with the seed. The 

speck lesions on the fruit do not penetrate deeply (Bryan 1933), 

and as this current work indicates the pathogen is probably not 

systemic it is not known how the pathogen becomes associated with 

the seed. The only other way the pathogen may contact the seed is 

during the extraction process. 



Tab l e 28 : Isolation of P.oyringae pv t omato from l eaves , 
s t ems and roots of inoculat d tomato plants . 

Plant part Plan t part No. of No. o f blue Oxi-
inoculated isolated plants fluorescent <lase 

136. 

Pathogeni-
c tty 

f r om isolates reaction 

leaf Rl 8 0 

l ea f Lo 
l 

8 2 2+ 

l eaf 1-li 1 8 0 

l ea f Le 
1 

8 0 

high stem R 8 2 2+ 

hlgh stem Lo 8 0 

high stem Hl 8 1 + 

high stem Le 8 4 4+ 

low stem R 8 2 2+ 

low stem Lo 8 0 

low stem Hi 8 0 

low st em Le 8 4 4+ 

root R 8 l + 

root Lo 8 6 6+ 

root Hi 8 0 

r oot Le 8 0 

root Lo low stem Hi= high stem Le= leaf 
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The pathogen was isolated from eggpla nt parLs o ther than those it 

was inoculated to, even when the inoculation sites were wrapped in 

para film (Tab]e 29) . It is possible that the pathogen could have 

been spread by water spla sh to othe r plant parts when washing or 

sampling the plants. No blue fluore scent coloni e s we re iso] a t ed 

fr om a ny of the eggplant controls. 

Table 29: Isolation of P.syringoe pv tomato from root s , 
l e ave s and stems of inoculated e ggplants 

Plant part Plant part No . of No . of blue Ox idase Pathoge nicitv 
inoculated isolated plants fluores cent reaction 

from sampled isolates 

leaf R 3 0 

leaf Lo 3 4 3-- 2+ 

leaf Hi 
,.., 

1 + _) 

leaf Le 3 0 

low stem R · 3 0 

low stem Lo 3 2 2- 2+ 

low st e m Hi 3 + 

low stem Le 3 0 

This work in dicates tha t P . syriY!pa t? pv -torrn.t'J i s proh a b l y not 

systemic but it doe s not provide conclusive eviden c e that the p a tho ge n 

is not systemic in tomatoes or other plant spe cies. Furthe r studies 

may show that the pathogen c a n be s yste mjc and this could e x plain 

how the pat h ogen becomes associated with the seed. 
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APPENDIX I 

Composition and Preparation of Culture Medi£1 and Reagents 

All the media used were prepared as described and, in all cases, were 

sterilised by autoclaving at 121C, 15 psi £or 15 minutes. 

i . _King_'.___s B Medium broth and agar_ (King et a.l 1954) 

Glycerol 10g 

Prate se peptone No . 3(Difco) 20g 

Magnesium sulphate (MgSO 
4 

7H
2

D) 1 . 5g 

Dipotassium Hydrogen Ortho-
phosphate (K2HP0 4) l.Sg 

Distilled water 1000 ml 

Fifteen grams of agar (Davis) were also added wh en making 

solid media. The ingredients are dissolved and he pH 

is adju-ted to 7.2. The broth meditm is dispensed to 

~1cCartn ey bott l es and au t oclr1vecl. T1w so l ·td medium js 

a utocl aved in 1 1 fl asks and tooled to 45C ancl pGured or 

20,000 unit s of penici]len per litre mav be added 

before pouring t,) i ncre3.se the selE'ctivi.ty of the ag:n. 

i i . D4 broth and agar (Kado and Heskitt 1970) 

Gl ycero l 

Casein hyd r olysate 

Ammoni um chloride (NH 4Cl) 
Disodium hydrogen orthophos-
phate (Na2 HP04) 

Sodium do decyl sulphate 
(reagan t gr ade ) 

Distille d wi:1ter 

10g 

lg 

5g 

2 . 3g 

0 . 6g 

1000 ml 

Fifteen grams of agar ( Davis) are added when making sol i.d media. 

The addition of lppm crystal violet increased the differential 

capacity of the soild media . The selectivity of the broth 

can be increased by addi ng 2.5g of LiCl. The pH of the media 

is adjusted to 6.8 and the broth is dispensed to McCartney bottles 

and t he agar to 1 1 flasks and autoclaved . The solid media 

was cooled to 4SC and poured . 



iii. Suc r ose aga r (Lelliott et al 1966) 

Nutrient agar 

Sucrose 

Distiled water 
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15g 

5% 

1000 ml 

The components are mixed, autoclaved, cooled to 45C an<l poured. 

iv. Water agar {Spiers pers.comm 1980) 

Agar (Davis) 

Water 

20g 

1000 ml 

The medium was autoclaved cooled and app ro ximately 15ml 

was added to each plat e to give a thick solid medium. 

v. Phosphate Buffered Saline Serology A_gar (PBSSA) 

Agar (Davis) 

Phosphate buffered saline 

Distilled water 

L.g 

50 ml 

950 ml 

The medium was autoclaved, cooled to 45C a .d O.Sml of 2~ 

sodium a~ide was added before pouring the plates. 

Sodium azide prevents micro-organism gr ,-•.-1th on the medium. 

vi. Te trazoli um Medium (Tuite 1969) 

Agar (Davis) 

Peptone 

Casein hydrolysate 

Glucose 

Distil l e d water 

17g 

10g 

1. Og 

0.5g 

900 ml 

The medium i s autoc laved, cooled to 45C and 100ml of an 

a utoclaved stock solution of 2,3,5 triphenyl tetrazolium 

chlor ide is added then Lhe plates are poured. 



vii Oxidase reagant (Lelliott et al 1966) 

Tetra methyl phenylene diamine 
hydrochloride 

Distilled water 

0.02g 

2 ml 

The solution is hygroscopic so is only rllLlde up in small 

amounts and is stored in small sealed bottles at 4C 

when not in use. 
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APPENDIX II 

Origin of the seedlines used and the texture of the seedcoats 

Ocean View See ds Ltd, 
263-265 St Aubyn St , 
NEW PLYMOUTH . 

'Beef s te ak ' , smooth, fungicide trea t ed. 

Pe rsson's Nurseries and Garde n Centre , 
500 Chur ch St, 
PALMERSTON NORTH . 

' Moneymaker', hairy 

Wattie Indust r ies Ltd, 
P . 0 . Box 4 3 9, 
HASTINGS. 

'Casrlong: slightly hairy . 
' DorchesLer ' , smooth R 
' Scoreshy', hairy. Spergun treated . 
'UC l :l4', sllg[1t ly hai r:v 
'VF 145-B-7879 1

, smooth. 

\.Jpb]-Lng and Stewart Ltd, 
P . O. Box 38-570, 

ETONE . 
'Potentate', hairy, Selected DSIR stock 
'Scoresby', hairy . 

Arthur Yates & Co . Ltd, 
2 70 Neilson St, 
Onehunga, 
AUCK.LAND. 

' Fireball', slightly hairy, sligh tly rough . 

Seedlines hand a nd ac id extracted in th is study: 

'Beefsteak ' , rough and hairy 
'Castlong ' , rough and hairy 
' Moneymaker ' , rough and hairy 
' Scoresby ' , rough a nd hairy 



APPEt>i'DI X I1 I 

Origins of Bacterial I so l ates 

Pseudom:JYl.as s yringae pv torra t o 

Cl= I solated from the co t yledon of a 'Beefsteak ' seedling 
germinated from hand extracted seed, ex infected fruit. 

C2 Isolated from lesions on green 'Scoresby' fruit . :"larch 

C3 Isolated from lesions on green ' Scoresby' fruit. March 

C4 Isolated from lesions on ripe ' Sco r esby' fruit . March 

142. 

1978 

19 78 

1978 

cs Isolated from 'Scoresby' leaf lesions. Marc h 1978 . Virulent 
culture 

C6 Isolated from 'Scoresby' le a f lesions. Ma rch 1978 

C7 Isolated from 'Beefsteak' leaf l esions. April 1978 

CB = Isolated f rorn ' Beefs t eak' fruit lesions . 7'1arch 1978 

C9 Isolated from 'Moneymaker' l eaf lesions. ~arch 19 78 

ClO = Isolat ed from 'Mon ·yrnaker ' fruH lesions. ,la r ch 1978 

P:.-wudummas <' tc·hcr-;, ! 

1 Culture 570 7) Plant Di.sec1ses Div isiou, 1\ uckland 

2 Culture 5707) New Zealand. 

Ps eudomonas so 'lanaceareum 

1 Isolated from nutrient solution used in the hydroponic system 

i n a gl asshouse in Whangarei. July 197 8 

Ps eudomonas species 

I l Isolated from the soi l. Blue fluorescent. Oxidase positive . 

12 Isolated from the s oil. Green fluorescent. Oxidase positive 

13 Isolated from the soil. Green fluorescent. Oxidase negative 



APPENDIX IV 

Table 30: Detection of P. syr>ingae pv torrato f r om tomato seeds , 

using an enrichment assay, Trial 2 

Sample 1 No. of Fluorescen ce* Oxidase Patho-

143. 

repl icas Reaction genici ty 
t es t 

500 autoclaved seeds 2 2 No growth 

2 

2 

2 

2 

2 

2 

2 

2 

2 

') 
"-

see.ds/5 00 3 3 Blue 3- 3+ 

seeds/500 ground 2 2 Green 

seeds/1000 3 2 Green 1 No gr owth 

seeds /1000 ground 2 1 Gree n 1 No g r owth 

seeds/2000 3 1 Blue 2 Green + 

see ds/ 2000 ground 2 2 Green 

seeds/4000 3 3 Gr eer 

seeds/4000 ground 2 2 Green 

seeds/8000 3 2 Green l No p,rowth 

seeds /8000 ground 2 2 Green 

Fluorescence was either green or blue. Plates we r e recorded 

as blue fluorescent even if they only had one blue f luorescent 

co lony . No growth was apparen t on some plates. 
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Table 31: Isola t ion of P.syringae pv toma.-to from seed using 

the enrichment assay, Tria l 3 

Sample Replicas 

so ba cter i a/16 mls 2 

so bacteria/8 mls 2 

so bacteria/4 mls 2 

50 bacteria/2 mls 2 

500 a utoc l aved ground seed 2 

10 /500 seeds 2 

10/500 seeds ground 10 

10 / 1000 seeds 2 

10 / 1000 seeds ground 10 

10/ 2000 seeds 2 

10/2000 seeds gr ound 10 

10 /4000 seeds 2 

10/4000 seeds ground 10 

supe rnatan t 10/500 ground 4 

supen at ant 10/1000 ground 4 

supe rnatant 10/2000 ground 4 

s upe rna tant 10/ L1 000 ground 4 

Fluorescence Oxidas e Patho­
React i on genlcity 

Both green 

1 Blue , 1 Green + 

1 Blue, 1 Green + 
1 Blue, 1 Creen + 

1 Green, 1 No gr owth 

2 Green 

3 Blue, 4 Green, 
3 No growth ' 11 + 

1 Blue, Green + 

3 Blue, 7 Green All + 
2 No growth 

3 Blue, 6 Green , 
1 No growth All + 

Green , 1 No growth 

7 Blue , 2 Green , 
1 No growth All + ... 

2 Blue , 2 Green ++ 

1 Blue, 3 Green + 

3 Blue , 1 Green - ++ + 

2 Blue, 2 Gr een ++ 
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Table 32 : Isolation of ? . .c;yr>iYl{!ae pv tomato froJ11 seed us i ng an 

enrichment assay, Trial 4 

Sample Replicas 

500 see ds (con trol ) 2 

400 bac t eria/ 14 mls 2 

!+ bac:teria/14 mJs 2 

8 seeds/800 s eeds 2 

8/1000 2 

8/ 2000 2 

8/4000 2 

8/8000 2 

4/ 8000 2 

2/8000 2 

1 /8000 2 

No. of 
co l onies 
sub-cul­
tured 

Fluor- Oxidase Patho-
escence Reaction genicity 

0 (no growth) 

24 co lonies 15 Rlue 15- JS+ 

12 co lonies 9 J3] ue 9- 9+ 

0 

0 

0 

0 

0 

0 

0 

0 

Table 33: Effect of 2 ,4-D on tomato l e.q f discs and 

Trea tment 
(% 24-D) 

H20 

0.025 % 

0 . 05% 

o. 1% 

on the germination of 'Fireball' tomato seed 

No. of 
seeds tested 

60 

30 

30 

70 

% Germination 
and r ate of 
germination 

so mod erate 

3 slow 

3 slow 

0 

No 

No 

No 

Effe ct on 
the leaf 

obvious effect 

obvious effec t 

obvious effec t 

2 leaf discs brown 
and necrotic 
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APPENDIX V 

Other bac t erial diseases of tomatoes ob served 

During this study on bacterial speck o f tomatoes, two other 

bacterial diseases, causing significant losses in g l asshouse 

toma t o crops, were investigated. 

One diseas e was pres e nt in a glasshouse crop in the Manawatu i.n 

the autumn of 1978. The svmptoms on the tomato plant s were similar 

t o those report ed by Wilkie and Dye (1974a) an d both fruit and 

whole plant los ses result ed from the i.nfection. A numbe r of green 

fluorescent bacteria were isolated and oxidase positive colonies 

were tested for pathogenicity to tomatoes . None of these colonies 

we r e pathogenic to tomatoes but because the symptoms so closely 

resembled those reported by Wilkie and Dye (1974a) lt was pr e sumed 

tha t the disease was stem bacteriosis caused bv Pseud.or10;-;.a.s cichoF1:i . 

However, since t h is disease outbreak, a neiv rlisease, tomato pith 

n ecrosis, has been recorded in the United Kingdom (Scarlett, 

Fletcher , Roberts and Lelliott 19 78). The clisease symp toms, caused 

by the non- fluorescent pseudomonad Paew1'Jm011.as ern--r ugat.a Roberts 

and Scarlett, are very similar to those produced by P. ('iehori~· 

infection (Scarlett et al 1978). The disease could have been 

caused by the non-fluore scent pseudomonad, thus explaining why none 

of the f luorescent pseudomonads isolated were pathogenic to tomatoes. 

The other disease caused a severe wilt in tomatoes grown in a 

hydroponic system under glass at Whangarei. Some diseased plant 

samples and a sample of the nutrient solution were forwarded to 

the author for testing. The signs and symptoms were very similar 

to those caused by Pseudomonas solanacearum (Plate 17), a disease 

previously not recorded in tomatoes in New Zealand. Drops of 

exudate containing masses of bacteria oozed from the plants when 

they were give n high humidity (Plate 18). Bacteria in the drops 

wer e isolated to King ' s B Medium agar and to Tetrazolium Medium 

(Appendix I). The Tetrazolium Medium detects virulent and avirulent 
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isolates of P. solanacear•wn. Both virulent colonies , large, 

irregular, hydrous colonies with pink centres, and avirulen t 

colonies, small round deep red colonies (Tuite 1969) were obtained . 

Isolates were tested for pathogenicity to tomatoes by watering 

healthy tomato plants with the bac terial suspension and by inject i ng 

the bacterial suspension into the plant stem with a fine gauge 

hypodermic n eedle. Some plan t s we re watered with the hydroponic 

nutri ent s olution (ex Whangar ei ) which was suspected of harboring 

the pathogen . All plants were inc ubated at 30C because disease 

development is favoured by high temperatures (Galleghy a nd Walker 

1949). Bacterial wilt symptoms developed in all inoculated plants. 

The disease has seldom been a problem i n New Zealand as the 

temperatures are us ually not high enough tu favour disease develop­

ment, The djsease may have been a problem in the glasshouse at 

Wha.ngar e i becaus e the hydroponic nutrient solution, containing 

some pa thogenic bact ~ r ia, was warm enough to favour disease 

development and also favoured rapid spread of the dis ease . 

he pat1ogPn is recorded as being seedborne in s0we hosts (Neergaard 

1977) hut there are no reports of it be ing scedborne in tomato. 

If the disease was seedborne in tomato then the seed collld be 

the source of primary inoculum for tliis disease outbreak. 

P. sol n.a.cea1·u:n is not referred to in Staunton and Cormican ' s 

(1978) paper on toma to pathogens in hydroponic systems. 

Although temperatures in ew Zealand do not f avour t his 

disease, all isola t es, infected plants and equipment contacting 

the pathogen in this work was autoclaved at 15 p.s.i . for 15 

minutes . The bacteria was i nactivated by autoclaving to prevent 

the di sea s e spread ing t o o t her glasshouse plants at Massey 

University. 



Plate 17: Wilted tomato plants resultin g from i.nfecti.on by 

Pseudomonas so Zanacearwn. 

Bottom right: control plant 

151. 



Plat e 18 : Bacte r ial exudate from tomato plants infe ted with 

Pseudomonas solanacearum after exposure to a high 

relative humidity . 

152 . 
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