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INTRODUCTION 

His'toriaal 

The first re~ord o! what was probably potato skin 

spot cam.e. from Scotland in the middle of' the 19th. 

century, when a condition. described as 'pock and blind 

eye' was noted. Symptoms appeared in early spring, the 

tuber surface becoming covered with small. round brown 

spots or pimples, and the eyes failing to sprout. The 

dise.a.se was attributed to an insect (Johnston, l.845). 

The same disease was describe.d more fully in 1.904 -

'potatoe.s eover-ed with numerous bl.uish-black warts of 

about tu diameter. When thinly pe.eled, a dark brown 

patch was found below each. wart. On dissecting these 

patches "th.e eell.s of the potato were found to be 

permeated by threads of very fine myoel.ium.'. The 

causal fungus was not, however, identified (Carruthers, 

l.904 J. 
A few· years later the name 'akin spot-' was first 

used to describe the disease, and the fungus erroneously 

identified as· Spicaria aolani (Pethybridge, 1915). 

Later workers. suggested Spicaria nivea (Milburn and'. 

Bessey, l.915), Rhiz:octonia crocorum (0 'Brien, 1.919), 
. -

Phoma eupyrena(W.oll.enweber, 1920), and Spongospora 
. 

sub'te-rranea (Shapovalov, 1923) as pos.sible causal 

organisms, and one worker considered bad storage. 

o.ond:i'tions. as being s·olel¥ responsible for the disease 

(Gussow, 1.91.8.). 
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The most authoratative work was that of Owen (1919) 

who de.scribed the fungus full.y and named it Oospora 

pustulans. Her work was later confirmed by· further inve t­

igation and successful inoculation ex_periments (Millard 

and Burr, 1923). 

The Causal.. Organism 

The organism. responsible. for skin spot disease is 

Oospora pustulans O.wen and Wakefield, a member of the. 

Hypho.myc.e:t:ale.s (Fungi Imperfecti). The myeelium 

eonaists of narrow s~ptate. filaments, 2 - 4r diameter, 

lcy'al.ine or pal.e brown in colour. Conidiophores are 

numerous, up to 250,P- long, usuall.y erect and repeatedly 

hranehed. The chains of eonidia break up easily, the 

individual e:o,nidia heing oval.-eylindrical or eylindrieal 

single-celled struc"tures with. rounded ends, 6 - 12p. by 

2.0 - 2. 5f (Owen, l.919; Kharkova, 196l(a)). The 

produetion of dark: coloured selerotia, 49)1 to l.mm. in 

di.a.me.tar has been report.ed from U. s. S.R. (Kh.arkova, 

l.961.( a)), but this work has not so far been eo.n:firmed. 

The fungus grows we.11. on a wide range of cooked 

ve.getable me.d'.ia, but leas sucees·sfull.y on uneooked plant 

tissue (Owen, 191.9). Addition of sugar to the media is 
, . 

stated to increa.se th.e growth rate (Kharkova, 1961.(b)). 

Oospora pustulans has a rel.a.tively low optimum 

temperature for growth, generally regarded as being 

between 12°and 16°c (Owen, 1919; &alt, l.957; Kharkova, 

196l(b)). Growth of· fungal colonies may be aecelera"ted 
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by initial. exposure to tempe.ratures· of -5° to -1.2°c for 

three days (Kharkova, 196l(b)). Growth ceases below o0 c 
or above 24°c, but t-he fungus can survive tempe.ratures 

as low as -39°0 during the winter (Kharkova, 196:l.(b.)). 

As a result. of this low optimum growth temperature 

of Oospora pust.ulans, skin spot disease. is c·onfined to 

th.e temperate anti cooler regiona of the. worl.d, having 

been reported from Tasmania, New Z.eal.and, Canada, and 

Norway (Anon., l.950), Germany (Fuchs, l.954), u.s.s.R. 

(Hrobruih., l.953), Swede.n (Emilss:on, l.960) and u.s.A. 
-

(Folsom and Bonde, l.950). 

Meth.od and Time 0f Infection 

Inf'ee:t:ion. of tubers: by Oospora pustul.ans occurs 

during the growth of tubers in the soil prior to 

maturation and l.ifting. Early lifting decrease.a: the 

severity of the disease (Allen, 1957; Boyd, 1.957). 

Penetration. of the fungus occurs through lenticel.s and 

rol1lld the eyes., both these areas being unprotected by 

the eorky periderm covering the rest of the tuber 

(Greeves and Muske"tt, 1939; Allen, 1957). Wounds and 

abrasions of tile periaerm al.so allow entry of the fungus 

and are poten"tial infeet:ion. si.tes (Fuchs, l.954; Boyd and 

Lennard,. l.961.(a); Nagdy, 1962). It has not been 

established, however, whether penetration. can occur 

through the. intaet peride:rm. of' the tuber. A re,port from 

t'he u.s.s.R. suggests that infection might spread 

internall.y through tha stolons: (Kharkova, 196l(a}), but 
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this has not bee.n confirmed by other workers. Entry of 

the fungus through the stolon scar, however, is known 

to oeour .. (Boyd, 1957 ). 

Symptoms 

External. SY'-1,J?.toms of skin spot do not. b,ecome eviden 

until. at le.ast two months after infection. owing to the 

slow growth of the mycelium., and under field con'1i tions 

in Britain recognisable pustules are not fully de.veloped 

until February or March (Allen, 1957; Boyd and Lennard, 
-

196l(a)). There appear on the tuber surface small dark 

CQloured spots, 0.5 - 2 mm. in diameter, which may 

occur singly,or in aggregated groups eovering a large 

area of the tuber. These spots may jlake the. form of' 

superfieial flat lesions, definite. raise.d pimpl.e.s, or 

more oceas·ionall.y depressed irregular lesions, but in no 

case are they accompanied by aey general rotting of the 

tub.er tis·sue.s. The. form and size of lesion is reported 

t-o depend on the structure of th.e tuber periderm(Owen, 

1919 ) , and also on e.nvironmental c0ndi tions during the 

development of infection ( Todd, 1963.). 

Effects on the Tub.er, and Economic Im12ortance 

Under the skin. spots the cell.a are dark brown with 

thickened walls, their contents entirel) disorganised. 

Attack is usually limited to the outer layers of eells 

(l - 2 mm.) by the development of a eork barrier which 

isolates the infected region. from the healthy tissues of 

the tuber (Millard and Burr, 1923,). When se:verely 
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in.fected, the tubers become unsightly, but because of th 

superficial nature. of the infection the affected peride 

is easily peeled off and the disease is thus not 

as being of se.rious economic importance on ware tubers. 

With the increasing demand for washed and pre-packed 

potatoes the situation may change, since skin spot 

disfigurements are then more obvious and badly· infected 

tubers likely to be discarded. 

Cases of deeper skin. lesions have been reported:. 

Treatment of stored ware tubers with iso-propyl phenyl 

carbamate (IPC) in orde.r to delay sprouting, pre.vented t e 

formation. of the cork layer beneath the. site of penetrat 1 on 

and resulted in abnormally deep and extensive lesions 

which rendered the tubers unfit for sale (Ives, 1955). 

After the. unus.ually we.t autumn of 196"0, some potato 

erops had to be left in the ground overwinter: examin­

ation. of these crops. the following spriog showed 

extensive, ciieep skin spot lesions similar to those 

mentioned above, and several varieties of potato normall 

regarde.d as being fairly resistant t .o the disease were 

badly affected. Such severe symptoms probably developed 

as a result of the low winter temperatures to which 

these crops were subjected, the fungus being stimulated 

and the formation of protective cork cambium being 

retarded (Boyd and Lennard, 1962). 

Infection of the tuber eye is of much greater 

importance economically than skin spotting, particularly 

with regard to the seed trade. Where eyes are infected 
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the fungus may completely kill the bud tiss.ues, or at 

least delay growth of the sprout. Increased eye 

infection is known to delay sprouting and crop emergence 

thus reducing final yield: in severe cases a proportion 

of the tubers may have all eyes infected and fail to 

sprout, resulting in blanking and uneven emergence of 

the crop. It has also been suggested that skin spot, 

where 1~ gives rise to blanking, may increase the 

proportion of ware and correspondingly reduce the 

proportion of· seed tubers in the final crop, the overall 

effect being a reduction in the total number of tubers 

per plant (Boyd and Lennard, 196l(a)). Thus assessment 

of eye infection rather than surface infect.ion gives a 

more accurate representation of potential loss from this 

di.sease (Boyd, 1957; Boyd and Lennard, 1961(a)). 

Oospora pustulans will als.o infeet potato roots and 

stolons, • causing brown lesions t .o develop in the cortex: 

it is not known whether such infection reduces yield 

(Hirst and Salt, 1956; Salt, 1957; Hirst et al, 1963,). 

Persistence and Transmission 

The fungus seems able to persist saprophyt.ically 

i .n the soil fo:b some time, and may be indigenous in 

certain soils. How long it can survive saprophytically 

is. not known (Owen, 1919; Anon., 1932; Salt, 1957; Hirst 

and Salt, 1956; Nagdy, 1962). The principal means of 

transmiss·ion of the disease, however, is by planting 

inf eeted seed, more severely inf eeted seed producing 
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heavier infection in the resulting crop under acy given 

set of environmental conditions (Boyd and Lennard, 1961( )). 

Seasonal Variation 

The severity of skin spot infection varies markedly 

from season to season. Such variations have been shown 

to be closely related to rainfall and temperature 

conditions during the lifting period and in the initial 

storage period of the potato crop. From. a consideration 

of the data over a period of thirty-four years, it 

appears that there is a close relationship between above 

average rainfall during the lifting periqd (end of 

September, and October) and severe outbreaks of skin 

spot, presumably ;because damper conditions encourage 

fungal growth and sporulation at a t~me when the tuber 

periderm. is susceptible to penetration. Since Oospora 

pustulans has a low optimum growth temperature, there is 

also every possibility of increased disease incidence if 

the tem.perature during the period October - December is 

below average. This effect. may also be partly due "to 

the low temperatures retarding the metabolic activity in 

the tuber, and slowing down the formation of a cork camb um 

below the s.i te where fungal penetration has occurred 

(Boyd and Lennard, 1962; 1963). A third factor which. 

appears to influence seasonal variation. in skin spot 

attack is the incidence of the · disease on the plant.ad 

seed, a high inoculum. level tending to increase infectio 

on the subsequent crop. Evidence suggests that if' two 
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or more of these criteria are satisfied, then a high 

incidence of skin spot is likely to devalop by the 

following spring (Boyd and Lennard, 1964). 

Varietal Susceptibility 

There are considerable varietal differences in 

susceptibility to skin spot, and it is recognised that 

surface and eye infections are not necessarily related 

(Boyd and Lennard, 196l(a)). Of the more commonly grown 

varieties, Golden Wonder and Dunbar Rover are two of the 

most resistant, whereas Kerr's Pink, Craigs Royal and 

King Edward rank as highly susceptible. The variety 

King Edward is particularly liable to eye infection with 

resulting blanking and irregular emergence in crops 

(Boyd, 1954; 1957; Boyd and Lennard, 196l(a) ). Recent 

experimental work has shown that varieties with a 

thicker periderm and a higher crude fibre content in the 

skin, tend to be more resistant to skin spot infection, 

probably because of the greater mechanical resistance 

they offer to penetration by thE fungus (Nagdy, 1962). 

Control 

It is now well established that dipping tubers at 

lifting time in an organo-mercury solution provides the 

most effective control of the disease, and that any 

delay in treatment reduces the effectiveness of dipping 

(Greeves and Muskett, 1939; Foister, 1943; Boyd, 1957; 

Boyd, 1960). Washing tubers in order to remove surface 

fungal contamination will also substantially reduce 
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infection, again treatment being most effective if 

carried out at lifting time (Boyd, 1957). In certain 
.. . 

circumstances application of fungicides to tubers at 

planting time may reduce disease ratings (Salt, 1958). 

Boxing of tubers at lifting time, which allows 

rapid drying out of the surface, tends to reduce infecti n 

below the level of that shown by potatoes stored over­

winter in an outdoor clamp (Boyd, 1957; 1960). Earlier 
~ 

work on premature lifting of potatoes showed no reductio 

in skin spot (Greeves and Muskett, 1939), but later 

investigation suggests that some control may be possible 

by this method, and also that removal of the haulms one 

month before lifting may give a small measure of control 

(Boyd, 1957) • 

It would thus appear that any treatment which 

reduces the amount or viability of the fungus on the 

tuber surface at lifting time will reduce the final 

incidence of skin spot. Any delay in such treatment 

appears to allow further penetrat.ion to occur, and so 

reduces the effectiveness of the control measure. 

Introduction to Experimental Work 
... 

The potato industry in Scotland is based on the 

annual product.ion of heal thy seed, the bulk of which is 

sent to English markets. Within the last few years 

higher costs of production, marketing and transport have 

increased the price of seed potatoes to such a level tha 

English growers have become .much more critical of the 
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quality of Scots seed, and many have turned to Irish and 

oreign sources of supply. To maintain interest in this 

it is therefore essential that Scottish 

rowers make every effort t.o prevent poor quality seed 

reaching the marketo 

Skin spot is .. one disease which. has caused numerous 

complaints from. potential customers, partcularly after 

the severe outbreaks in the spring of 1961 and 1962, 

which caused considerable blanking and delayed emergence· 

in potato e.rops·o As previously stated, tubers become. i ect:ed 

with the fungus at. or be.fore lifting, but no obvious 

symptoms become apparent until.. about February, and even 

then they may not be readily visib1..e on. unwashed tubers. 

Thus: many· consignments of seed are dispatched in. 

apparently good con.di tion and free from the disease., but 

by planting t .ime are found to be severely. infect.ad. 

SU.eh. a situation has led to the. demand for an 

effectiv·e method of preventing the de.velopmen.t of skin. 

spot on. seed tubers, and the experiments re.ported in thi 

the.sis· are. deaigned t .o inves tigate the possibility of· 

eont:rol.ling t.ha incidence of the disease. by both c.ul tura 

and chemical methods. Three approaches t:o the problem 

have been inve.stigated:: 

(aj the effect. of varying_ the e.nvironm.ent in whieh the 

tubers are stored (after artificial inocul.ation). 

Ineidence of the disease was studied after storage 

at high and low humidity under three temperature 

conditions:: 
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Continuoua low temperature 

Variabl.e temperature as found in farm 
( bulk s:to rage 

Continaoua warm conditions 

(b) chemical. c.on-trol. of the. :fungus uaing· an organo-me u.ry 

dip, and a comparis.on with the effect of boxing. 

Both trea:mnents were carried out before li~ting, 

at 1-ifting, and 1., 3, 6, 9, and (in th~ second 

year) 12 weeks. after lifting,. and the aubsequent 

devel.o.pm.ent of skin spot: e:ompared with the degree. 

of· infection. on untreated tube.rs. 

(e) inva&lligation. in.to the ef'fect o:f varying eonditio 

at planting on tha eme.rge.nc.e. of infected seed 

·t.ubers:, and on the infection. whieh developed on. 

the subs:equen't crop: 

(1.) by using two pl.an.ting dates 

(2) by disinfection. of se.ed imm.ediately prior 

to pl.anting. 
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MATERIALS AND ME.THODS 

The variety King Edward was used in all. e.xperimenta 

work. Not onJ.y ia it widely grown in Scotland as a seed 

crop (approximat.ely 13,000 acres annu.all..y), but as 

previously mentioned 1 t is particularly s.uscept_ible to 

skin spot and liable to auffer seriously from. damage to 

the eyes. This is borne out by adv·isory e.xperience, 

where by far the greates:t number of case.a of irregular 

emerge.nee ass:oeiated with skin spot refer to this 

variety ( Boyd,_ 1.9 57; Anon. , 1963). 

A.a economic loss: due to skin spot is, at present, 

conf'ine.d almost entirely, to the seed trade, only s:eed 

s:iz.e. tubers were used in experimental. work - i. e. tubers· 

which would pass through a 2¼ t mesh riddle, but: not a 
' l.¼1t mesh, these siz.es being commonly used in Sc,ot:land 

to select see.d tubers. 

A.sse.ssm.ent of· Surface Infection 

Surface - i .nfec.tion. on tub.e.rs was assessed vis:Ually 

by separating the, sample. into five categories: 

Ca) Se,vere - i or more of the tuber surface 

covered with skin spot pustules. 

(b) Moderate - 1/10 to ¼ of surface affected. 

(c) Sl.ight - m.ore than l..O pustul.es but less 

1/10 surface area affected. 

(d) Trace -

(e) Free 

less than l.O pustules present. 

A Surface Infection Index (S.I.I.) was calculated 
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by multiplying the number of tubers in. each category by 

the. average percentage surface area aff ecte.d, i.e. 

Severe (S) X 62.5 

M.oderate (M} X 1.7.5 
. 

Slight (L) X 5 

Trace (T) X l 

Free (F) X 0 

This tmtal was divided by the number of tubers 

examined, and mul"tiplied by 100/6'2. 5 -to give a mean 

percentage area affected (Boyd, 1957). 

i.e. 

Surface Infection Index: 1 •6<62•5 S + 17.5 M + 5 L + 

Where N = total nu.mbe.r of tubers in sample. 

This method. of assessing surface infection is usef 

in that it: allows the degree of inf e.ction to be expresse. 

as a single figure. It is no-t, however, wi.thout its 

drawbacks. 

Tubers are easily separated into 'free', 'traee' 

or 'lower slight:' categories, but difficul.ty can be 

experienced in deciding whether a tuber should fall into 

the 'upper slight' or 'lower moderate' classe,s. This 

problem also exists for tubers on the b.orderline of 

'moderate' and 'severe' infection.. In practic.e it was 

found that after a trial pariod, any sample would be 

given a very similar Infection Index if re.-assessed afte 

an interval of some weeks. Thus for· aey one operator, 

this method should be suitable, for comparison of infecti n. 
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on different samples. It would not be. so suitable for 

comparing samples assessed by differe.nt operators as: 

e.aoh would tend to have his own limits for the various 

eat.egories. Even if standard tubers are used to provide 

a standard of comparison the problem is not entirely 

solved, as the scattered and uneven distribution of the 

skin spot pustules makes such comparisons difficult. 

It was therefore considered that although the 

figures used in thils theais· for surface infection index 

are all of a similar standard and refleet with reasonabl 

aceuracy the. ac:tua.l infe ct.ion present, care would. have 

be taken if the.se figures were compared with those of 

other workers. This cri "t'icism is not, of cours·e,, 

confined to this me.thod of visual estimation of skin 

spot infection, but. applies to any estimation relying o 

visual assessment of s:ize. or area, and it is probable. 

that in practice it. gives results quite accurate enough 

for field work. 

One further criticism of this method of surface 

estimation c·oncerns the calculation. of the percentage 

surface infection on severely infected tubers. The 

assumpt.ion made is that tubers fall.ing into this catego 

will have between 25% and 100% of their surface covered 

with. pustules. In fact, tubers with 100% surface infect·on 

are never found, and the majo:tit.y appear to have less 

than 50% of the skin. affected. This means that the 

figure fo.r average percentage area affected (severe 

infection) of 62.5 tends to give an exaggerated reading 
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for the overall surface infection. index of a sample. 

containing severely infected tubers. This does not appl 

to such. an extent with the other infection. categories, a 

their limits fall within much narrower ranges. In the. 

experimental work for this thesis, it was found that ver 

few tubers fell into the 'severe' category, and for this 

reason the results will not be unduly affected. 

This method of visual. surface infect.ion estimation. 

was use.d throughout the experimental work t .o mai ntain 

continuity with previous experiments·, as far as 

expe.rimental an.d asse.ssme.nt errors all.ow. 

Assessment of'Eye Infection 

(l) Visual Examination 

An eye was classed as infected if the damage due 

to skin spot' appeared sufficient to kill all bud tissue. 

In some case.s a sprout may in. fact: have developed, but i 

was considered that the delay in growth would prevent 

such an eye from making any contribution to t .he yield 

from that plant. 

Tubers· were separated into three categories: 

(a) All eyes infected. 

(b) Some eyes infected. 

( c) No eyes infected. 

An Eye Infection Index (E.I. I.) was calcula ted by 

mul~ i pl ying the number of tubers in each category by the 

average percent.age eyes infected, i.e. 
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All eyes infected (A) X 100 

Some eyes infected (S) x 50 

No eyes infected (N) x 0 

This total was divided by the number of tubers :.bl 

examined to give a mean percentage of eyes infected 

(Nagdy, 1962_), i.e. 

Eye Infection Index= (100 A)+ (50 S) x 100 
N . 

Where N = total number of tubers in sample. 

This method of calculating eye infection index 

assumes that all. tubers in the 'some eyes' infected 

category had 50% of their eyes actually killed. This 

means that a sample with few infected eyes would have an 

over-estimated eye infection index, while a badly affect d 

sample would show an under-estimated index. One method 

of improving this estimation would be to divide the tubes 

into more categories, perhaps taking into account the 

position of the eyes infected, as eyes in different 

locations on the tuber vary in their contribution to the 

final plant. 

(2) Microscopic Examination 

Work at Rothamsted has shown that tuber eyes may be 

infected with Oospora pustulans although no skin pustule 

or obvious damage to the eye is visible. The technique 

used was to excise the tuber eyes and incubate for five 

days at 18°c in a humid atmosphere. This treatment 

produced aerial conidiophores of the fungus which were 
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easily identified under a microscope (Salt, 1957). 

In this investigation, tubers for microscopic 

examination were first washed tho1toughly in running 

to remove any surface contamination. The eyes were t .he 

removed using a i" diameter cork borer, modified by 

fitting a spring loaded plunger to ~ject the plug. This 

plung8r had a concave end to reduce damage to the tuber 

eye, and it ensured that an approximat.ely equal depth of 

plug was removed each time. The irregular end of the 

plug was removed with a scalpel. Norm.ally each plug 

carried one eye; but because of the close proximity of 

eyes at the rose e nd of the tuber, plugs from this area 

sometimes had two eyes. In this case each individual ey 

was assessed separately. 

To maintain a humid atmosphere round each plug, 

they were incubated in plastic boxes on damp blotting 

paper, and to ensure no drying out occurred, a piece of 

soaked cotton wool was attached inside the l .id of each 

box. The plugs were incubated at a temperature of 60° 

to 65°F (15 - 18°c) for seven days in darl:{;ness, then 

examined under a dissecting microscope. Each eye was 

classified into one of four categories: 

(a) Eye Alive OosEora Eustulans absent . 
.• 

(b) Eye Dead u u II 

., 

(c) Eye Alive II It present 
~ 

( d) Eye Dead · " u u • 

The majori t:y of eyes consisted of three buds, and 
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were classed as alive if one or more of the buds present 

showed signs of active growth. Oospora pustulans was 

classified as present if conidiophores were visible on., 

or round the base of, .. ,one or more of the buds. In the e se of 

dead eyes the fungus was classed as present if conidio­

phores developed on the site of the eyeo The fact that 

a dead eye showed growth of Oospora pustulans is not 

conclusive proof that it was this fungus that caused the d 

dam.age. However, if no other fungal pathogen was observ d, 

it was assumed that Oospora pustulans was the most 

likely cause. 
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EXPERIMENTAL WORK 

EXPERIMENT" l.. · 

Investigation into the effect of various overwinter 

storage conditions on the development of skin spot on 

potato tubers. 

A considerable volume of evidence has been 

accwnul.at.ed suggesting that skin spot tends to be more 

serious when tubers are stored under cool, damp conditio s. 

With the increasing use of bulk indoor storage and the 

installation of forced draught ventilation, it is possib e 

to vary the temperature and humidity conditions in the 

store within quite wide limits. There is also a growing 

interest in the use of refrigeration equipment to cool 

potato stores with a view to reducing sprout.ing los:ses 

during the storage periodo Present knowledge of the. 

pat.tern of skin spot development suggests that such 

artificially cool conditionS', if maintained during the 

early period of storage, may substantially increase the 

risk of damage to susceptible varieties by skin spot, 

particularly if the tubers are wet when taken into the 

store. 

To investigate the effect of different storage 

conditions on the development of skin spot, artificially 

inoculated tubers were stored overwinter under various 

temperature and humidity level.a, and the subsequent 

surface and eye infection levels assessed the following 

spring. 
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Pre-treatment of tubers 

King Edward potatoes were lifted on 17 October, 196, 

and seed size tubers riddl.ed out and retained for the 

experiment. These tubers were washed, and dipped for 

i minute in 1% formalin to remove surface contamination, 

then laid out overnight to allow the formalin to evapora e, 

and inoculated by dipping for½ minute in a spore 

suspension of Oospora pustulans containing 1.3 x 106 

spores per ml. 10 inoculated tubers were then placed in 

each of 60 small cardboard boxes. 

Treatments 

(a) T·emperature 

Because of a lack of adequate storage facilities, 

only three temperature conditions C(!)uld be used, 20 

boxes of tubers being kept at each temperature. 

(i) Low temperature 

To simulate conditions which might be found in 

an artificially cooled store, tubers were stored 

throughout the winter in a refrigerat.ed room, the 

temperature of which was thermostatically controlle 

between l.5°and 2.0°c (35° and 38°F). 

(ii) Moderate temperature 

Temperature conditions very similar to those 

found in a commercial bulk store were found in a 

building on one of the University Farms, the temp­

erature of which fluctuated between 10° and 15.5°c 

( 50° and 60°F) at _the beginning of the storage 

period, falli~g to 3.5° to 10°C (38° - 50°F) 
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between November and February, and rising again to 

5.0° to 15.0°c (40° t~ 60°F) at the end of storage. 

(iii) Warm conditions 

The third temperature treatment was provided 

in a store room. in the heated b,uilding of the 

School of Agrivul.tura, where the temperature during 
· 0 O storage averaged 1.5:o Q C ( 60· F), f:t.uct.uat:ing betwee 

1.2° and 1.8°c (55° and 65°F). 

(b) Humidify 

Only t:wo humidity eondi tions we.re, possi bl.e a.t each 

storage t:emperature: 

(i) 12.!z 

l.0 boxes of' tubers were all.owed to dry out: t:o 

"the hum.idi ty l.evel. o b.taining in. ea eh s:t:ore.. In no, 

cas:e was s:Urface. moisture observed on the, tubers 

during storag;e. 

(ii) Damp 

The r8ll':!aining 1.0 boxes of tubers in each at.ore 

were soakad_ in water at th.a start of tb.e experiment 

and ke~t damp fer the remainder of the st:orag:e peri d 

by regularly spraj'ing the ou.-tside of the boxes wit 

water. These tubers: would therefore be kepit: at 

almo,st 1.00% rel.ative humidity for the duration of 

s:t:orage. 

Results 

All. tubers were remo.ved from. s"torage on 29 March, 
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963, and visual examination. made to estimate surface an • 

eye infection due to skin spot. 

The reaulta are shown in Table 1, and the figures 

ow· that both temperature and hlimidity have a profound 

effect on the development: of surface and eye infections. 

here is no significant diff erenee in the. infeet.ion 

evels which developed under the continuous cold and 

oderate temperature conditions, but both produced much 

level.a of infection than did warm storage. The 

effect of high humidity ~as to increase significantly 

infection levels at the l.ower temperatures,., but there wa 

o significant humidity effect under warm conditions. 

These conclusions apply to both surface and eye infectio s. 

The reasons for the higher infection levels which 

devel.oped under eool damp conditions: have not been fully 

investigated,., but 1 t is prcbbabl.e that two factors: are 

important. Firstly, the fungus OoSJ?ora pustulans shows 

a.ctive growth at low temperatures, and will. develop even 

at o0 c (32°F). High humidity is essential for the 

ge.rminat:ion of most fungal spores, and there is no reaso 

t-o suppose that Oospora pust:u.lans diffe.rs in this respec • 

Secondly, eool conditions will retard the drying-out of 

the tuber periderm and also the rate of suberization, 

allowing easier penetration of the ~ungas into the inner 

periderm layers. Once such penetration has occurred, lo 

temperatures will sl.ow down the normal. reaction of the 

cork cambi'UJIL in sealing off the site of fungal penetrat.i n, 

thus permitting more extensive damage to occur. It was 
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notioe.abl.e -that the lesions which developed at the lower 

temperatures-, apart :from being more frequent, tende.d to 

e larger and rather deeper. This form of lesion has 

previously been obs-erved on tubers stored under similar 

cold conditions (Boyd and Lennard, 1.962; Todd,. 1963). 



'EXPERIMENT 2. 

Investigation into the control of skin spot on. potato 

'tubers. by (AJ boxing and (B) disinfection and ho.xing, at 

i .nt.ervals after lifting. 

As previously mentioned it is now well established 

that disinfection of tubers: immediately on lifting is 

highly effective. in. controlling skin spot, and that 

hoxing of the tubers will. al.so reduce. the incidence of 

this disease, both treatments being most effective if 

carried ou-t at lifting time. (Greeves and Musket.t:, 1939; 

Foister, 1941; Boyd, 1957; 1.950,). 

Unless expensive continuous dipping machines are. 

available, disinfection of tubers with organ.o-mercury 

compounds demands first o:r. all. the manual. s:eparation of 

seed from ware (t-,> prevent mercury contamination of the 

ware), bo-xing of seed, dipping, draining and subseq_uent 

stacking of the. seed trays. This involves a high l.abour 

requirement and means that on most farms the work co.uld 

not be carried out at lifting time. The alternative 

would be. to store the. potatoes in bulk on lifting, 

dress·ing out and treating the seed later in the au..twnn.. o 

early winter when more labour is generall.y availableo 

However, O,reeves and Muskett (1939) and Boyd (1960) 

have shown that any such delay in boxing or disinfection. 

reduces the affect.iveness of these treatments.. Subseque t 

~o Boyd's work, the years 1961 and 1962 provided conditi ns 

leading to severe outbreaks of skin spot which revived 
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intera·st in any measure which might give some degree of 

control. This experiment was therefore designed to 

determine how long after lifting disinfection and/or 

boxing could be delayed, whilst still providing an 

effective reduction in skin spot. 

The experimental work was carried out at Highfield 

arm, near North Berwick, East Lothian, over the two 

storage seasons 1962 - 63 and 1963 - 64. The stock. of 

seed tuberer in each year was obtained from fields of 

King Edward potatoes grown for seed purposes and 

subjected to similar cultural treatments. In both cases 

the fields had not carried potatoes for the previous six 

years. Data from the annual survey of skin spot infecti n 

oyd and Lennard, 1963; 1964) shows that the infectinn 
e 

levels on the planted seed was of a veny similar order i 

both years (Table 2). 

TABL~ 2. Levels of surface and eye infection on planted 

seed, the produce of which was used in 

Experiment 2. 

Growing 
Season 

1962 

1963 

Skin spot infection on planted seed 

Surface Infection 
Index 

20.4 

17.0 

Eye Infection 
Index 

58.0 

47.0 

The pote.ntial inoculum in the soil at the beginning 

of each growing season would thus have been at comparabl 

levels, and the total amount of skin spot which develope 
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on the produce by the following spring would thus be 

dependant largely on the conditions to which the tubers 

and pathogen were exposed during the growing season and 

in storage. 

The tubers were lifted by elevator digger and the 

experimental sample stored till required in a clamp 

containing approximately 30 cwt of tubers. Clamp storag 

tends to provide a damp environment suitable for the 

development of skin spot, and was therefore chosen in 

preference to bulk shed storage. The tubers were piled 

to a height of approximately 4 ft, covered with layers o 

wheat straw and earthed up, and there is no reason to 

suppose that conditions were very different from those 

encountered in typical farm clamps. 

On selected dates the clamp was opened and the 

required qµantity of seed size tubers riddled out: into 

six standard chi tt.ing trays, each holding about 1/3 cwt 

of tubers. Three of these trays were dipped in the 

organo-mercury solution, allowed to drain, and stacked 

with the three other undipped trays in an open shed. Th 

dip selected was a readily available proprietary organo­

mercury eompo.und (ethoxy ethyl mercuric chloride) used a · 
~ 

the recommended rate of 1 lb to 20 gal water (450 ppm 

mercury) for a i minute dip. In order to simulate 

conditions which would probably be encountered on a farm 

the tubers were not washed before dipping. After 

treatment all trays were covered with sacks to prevent 

greening of the tubers. Because of the conflicting data 



-28-

regarding early lifting of tubers and its effect on 

skin spot development (Greeves and Muskett, 1939; 

Allen, 1957; Boyd, 1957; Nagdy, 1962) six trays of seed 

tubers were hand lifted from the same fields some weeks 

before the main lifting date and subjected to the same 

treatments. 

Treatments 

See table 3. 

Visual estimation of the degree of skin spot surfac 

and eye infection which developed subsequent to each 

treatment was carried out within a fortnight of the 

final sampling date in each ,i:ear (i.e. end of March). 

For the purpose of these estimations, a random 

sample of 33 t .ubers was taken from two .trays and 3,4 

tubers from the third tray oj each treatment, giving a 

total of 100 tubers per sample. The size of the sample 

was limited because of the time involved in the washing 

of tubers and carrying out the estimations. 

Results 

Fig. l shows the surface and eye infection indices 

for skin spot which developed subsequent to each treatme t 

in the first year of the experiment, 1962 - 63: Fig. 2 

shows the corresponding results for the 1963 - 64 season 

Included in each figure is the range of readin&s obtaine 

for every treatment. Table 4 gives this data in 

tabular form. 
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Fig , L ~ffect of (a) boxing and (b) disinfection and boxing , at intervals after 
lifting on resulting skin spot infection of King ~dward tubers , 
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?ig. 2. ~ffect of (L) boxing and (b) disinfection and boxing , at intervals after 
liftin~ on resulting skin spot infection of l':i~.g .r.dward tube rs. 
Visual exanin~tion, 196J - 64 . 
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Effect of Boxing Only (Su~-treatment A) 

The results show that boxing tubers without disin­

fection di.d give aome reduction in skin spot under 

certain conditions, but at no time. was it as effective a 

the corresponding disinfect.ion treatment, with the 

exception of treatment 6 (9 weeks after lifting) in 1962 

3 when boxi.ng alone gave slightly but not significantly 

less eye infection than disinfection (Figs. 1 and 2; 

Table 4). When tubers are boxed without dipping, the 

fungus remains potentially active and the amount of skin 

spot which de.ve.lops is dependant not only on. environment l . 

condi t.ions prior to boxing, bu..t also on t:he condi t:ions 

under which the boxes- are then stored. The two princip 

factors involved are temperature and humidity. OoSl)ora 

pustulans, as previously m,entioned, te.nds. to cause more 

damage at l..ow temperatures (Boyd and Lennard,, 1962), and 

so the. development of skin. spot on the -b:,oxed tubers was 

st.udied in relation to the temperature eond:i t.ions· during 

the: storage period. 

The site of the experiment was approximately midway 

between th.e weather stations at North Berwick and 

Haddington, and using data suppl.ie.d by the. Meteorologica 

Office., the ave.rage of the maximum and minimum daily 

temperature readings at these two stations was calculate 

for October, November and December, and used as an estim te 

of the temperature at Highfield. As the boxed tubers wee 

stored in a shed, the. door of which remained open throug -

out the. day, it was assumed that the temperature in the 



shed would follow closely the fluctuations in atmos-­

pheric· temperature. 

From the results shown in. Figs. 3 and 4 it is· 

evident that the temperature to which tubers were subje ted 

aubsequent: to baring were critical for the degree of 

control which the 'Boxing' treatment might afford. It 

is also c:ons·idered that humidity conditions, particularl 

in. the clamp prior to boxing, would. affect the degree o 

eontrol obtaine.do This is· exemplified by the following 

conclusions: 

a) Treatments l, 2, and 3. In the 1962 - 63 season, 

boxing of tubers bdore, at or one week after lifti 

gave reasonable control of both surface and eye 

infection, eeducing the surface infectioh index from 

approximately 8. 5 ( s. I. I. of the control) to approx­

imately 4o 5, and the eye in!ec:tion index from about 

35.0 (E.I.I. of the control) to 20.0. This can be 

accounted for partly by the drier condi tiona 

encountere:d on boxing,. and also by the re.lati vely 

mil.d temperature condi t:ions ( the average daily 

temperature never fell below 4.5°c (40°F)) prevailin 

for a period of at least four weeks after boxing (Fi • 3). 

b) Treatments l, 2, and 3. In the: following year, 

1963 - 64, tubers hoxed prior to the main lifting 

date. again showed little subsequent development: of 

skin spot (s.I.I. 2.5 as compared with s.I.I. 10 of' 

the control: E.I.I. 17.5 compared with E.I~I. 67.5 

of the control ) • 
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0nce again this can be explained by the reduced 

humidity in the. boxes and the relatively warm 

conditions eneountered after boxing·. However, the 

tubers b.oxe:d at lifting and one week after· lifting i 

this year showed subst.a.n.tially greater degrees of 

infeetion (S.I.I. 7.3 and E.I.I. 62.5) than similar 

treatments of· the preceeding year, reflecting the 

much lower temperature (1. s0 c; .35°F) to whioh -they 

were subjected shortly after being boxed (Fig. 4). 

e.) Treatment 4. In both years boxing at three weeks 

after lifting resulted. in very little control of the 

disease, as the average temperature after treatment 

was: rel.atively l.ow (at or below 4.5°c; 40°F)(Figs:. 3 

and 4). 

d) Treatments 5 and 6. In 1962 63, boxing at 6 and 9 
,. 

weeks after l.ifting was more- effective than boxing 

at three weeks, since these tubers had dried out in 

the clamp, . and had be en insula te.d from. the low air 

tmnperatures of the November eold spell. Despite. th 

fact that these tubers were exposed, afte.r boxing, t 

the cool. conditions of the shed, the disease could 

apparently not develpp extensively because of the 

degree of maturation of the. tuber pe.riderm whieh had 

occurred in the clamp, making these tubers more 

resistant to fungal penetration. 

e) Treatments 5, 6 and 7. Corresponding treatments in 
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th.e following much wetter year, 1963 - 64 (including 

the additional boxing treatment at 12 weeks after 

lifting) showed very little reduction in skin spot 

infection compared to the control tubers, presumably 

due to the damper conditions observed in the 

experimental clamp during the later period of storag1~; 

the cold storage conditions after boxing encouraging 

fungal development on the less mature periderm. 

It is noticeable that skin spot infection on the 

untreated tubers stored in the clamp until March (contro.s) 

was of a different level in each year. In 1963 - 64, th1~ 

surface infection was slightly greater, and the eye 

infection. marke.dly greater than in 1962 - 63. ( Table 5). 

There was little difference in the infection levels on 

the seed tubers planted each spring, but the wetter 

weather eonditions just prior to harvesting in 1963 ani 

the damper conditions noted in the storage clamp probablJ 

account for the higher levels of infection in this year. 

It is not known why surface infection did not increase iin 

proportionatol jye infection. 

TABLE 5. Levels of skin spot i .nfection on planted seed ai!ld 
on harvested crop after storage overwint.er in 
an outdoor clamp. 

Infect;i.on on Rainfall Result;i.ng infection 
Year planted seed jor 26 days on control tubers 

S.I.I. E.I.I. 
prior to 

S.I.I. E.I.I. lifting 

1962-63 2.0o 4 58.0 o.84 in 8.6 35.0 

1963-64 17.9 47.0 1.09 in 10.l. 67.5 
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Effect of Disinfection and Boxing ( S1fb.-treatment B) 

In both years the results show that disinfection 

of tubers in an organo-mercury dip is highly effective i 

· controlling the development of skin spot., provided. such 

treatment is carried out before or at the main lifting 

date (Figs. 1 and 2; Table 4). In 1962 - 63 the untreat d 

control sample removed from the elal'.ll.p in March had a 

surface infection index of 8.5, compared with a surface 

infection index of 0.7 for tubers disinfected and boxed 

at lifting, a reduction in infection level of 92%. 

Corresponding figures for 1963 - 64 are 10.1 and lo9, a 

reduction of 81%• 

Eye infection was also greatly reduced in 1962 -63 

by early disinfection (at or before lifting) from an eye 

infection index of 35.0 on the controls to 2.5 on those 

dipped at lifting, a reduction of 93%• In the following 

year, eontrol of eye infection was not so marked, being 

from 67.5 to 2100, a reduction of 69%. 

It is assumed that disinfection will effectively 

kill all fungal spores and mycelium resting or germinati 
may 

on the surface of the tuber, and that the mercury 111QC 

als·o penetrate a short distance into the periderm. Any 

skin spot whmch subsequently developed would therefore 

be caused by fungal mycelium which had already penetrate 

below the reach of the disinfection.. This may account 

the rather greater skin and eye infections after the 

dipping treatment in 1963, as lifting time was two weeks 
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later than in 1962, allowing more time for penetration o 

the fungus. This is borne out by the fact that the earl 

lifting and disinfection and disinfection in 1963 - 64, 

five weeks before the main lifting date gave significant y 

less skin spot than the same treatment at the main lifti 

Why the corresponding early lifting in 1962 - 63 did not 

likewise reduce infection cannot be explained, unless th 

drier cenditiona of this year had some effect on the rat 

of fungal penetration, 

Results from both years for both surface and eye 

infections show a rapid increase in the level of skin 

spot which developed when disinfection was delayed .;after 

lifting. Delay of only one week produced significantly 
. ' 

more infection of both surface and eyes in 1962 - 63, an 

surface infection in 1963 - 64, Eye infection in this 

second year showed no increase, and this result cannot b 

explained. It would seem that the action of lifting in 

some way stimulates the fungus to more rapid penetration 

of the tuber, possibly by allowing easier entry through 

damage and small abrasions caused by mechanical lifting 

and subsequent handling. In both years Treatment 6 

(9 weeks after lifting) was approximately half as effect ve 

in reducing surface infection when compared with 

Treatment .1 (at lifting), and caused no significant 

reduction in eye infection in 1962 63, and only slight 

reduction of eye infection in 1963 64 (from E.I.I. 

67,5 to 57 .o). These figures suggest that the fungus 

may penetrate and damage the relatively unprotect.ed eye 
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tissues more readily than it penetrates the periderm, 

where there occurs a much thicker and more definite laye 

of suberised cells. 
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Effect of (A) boxing and (B) disinfection and boxing, at 

intervals after lifting: estimation mf eye infection 

by microscopic examination. 

Immediately after visual examination of skin spot 

had been carried out fOr this experiment, the three 

samples were bulked and a random sample of 20 tubers 

removed. These tubers were rinsed in running water and 

the eyes excised and incubated for microscopic examinati n 

as previously described. This method of eye examination 

has the advantage that it gives an indicatDll of the 

number of eyes, alive or dead, carrying viable Oospora 

pustulans at time of planting (i.e. after storage throug -

put the winter). 

Figs. 5 and 6, and Table 6 show the percentage of 

dead and alive eyes, with and without the fungus present 

Comparison with Figs. 1 and 2, and Table 4 shows 

that both methods of eye est.imation reveal very similar 

patterns with regard to the total number of eyes killed 

by skin spot subsequent to each treatment. Taken over 

both years, the correlation between visual examination 

and microscopic examination of eye damage was found to 

be highly significant: 

r = + 0.9206 ( n = 26), P « Q. 01. 

In estimating the eye infection index there would 

therefore seem to be no advantage in using the longer 

and more complicated technique of excising the eyes and 

examining microscopically, except possibly with very 
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.C:ffect of (a.) boxin~ and (b) disinfection aml boxing, at interv<! ls after 
lifting on subsequent skin spot eye infection. 
;,ucroscopic exa.nination, 196.::; - 63. 
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fig. 6. Effect of (a) boxing and (b) disinfection and boxing, at intervals tifter 

lifting on subsequent skin spot infection. 
,.ticroscopic examination, 1963 - 64. 
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TABLE 6. Effect of (A) boxing and (B) disinfection and 
boxing, at -intervals after liftigg on subse~uent 
eye infection by skin spot. Microscopic examination. 

Treatment Time of Percentage of Eyes 
Treatment 

1962 - 63 IWks.after Eyes Alive Eyes Dead 
Lifting I 

Fu.ngu.s-t1 Fungus* Fungus* Fungus* 
Absent Present Absent Present 

(A) Boxin~ -2 79 9 2 10 

0 79 9 2 9 

1 62 10 5 23 

3 49 11 1 39 

6 61 14 2 23 

9 76 ". 9 l 15 

Control 66 6 3 25 

(B) Disin-
fection 

-2 94 2. 2 1 

& Boxing Q 94 1 4 1 

1 84 0 13 3 

3 79 2 12 7 

6 75 l 22 2 

9 78 1. 19 2 

Control. 66 6 3 25 

* - Fungus= Oospora pustulans 
. 

All figures to nearest 1%. 
.. 
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TABLE 6. Effect of (A) boxing and (B) disinfection and 
(Cont.J boxing, at .. intervals after lifting on subsequent 

eye infect.ion by skin spot. Microscopic examina t ion. 

Treatment Time of Percentage of Eyes 
Treatment 

1963 - 64 Wks.after Eyes Alive Eyes Dead 
Lifting 

Fungus* Fungu.s* Fungus* Fungus* 
Absent Present Absent Present 

(A) Boxing -5 45 42 3 l.Q 

0 14 42 5 40 

1 23 28 8 41 

3 16 32 11 42 

6 14 38 3 46 

9 12 30 7 51 

12 17 25 10 48 

Control. 9 31 7 53 

(B) Diain- -5 81 10 6 2 
faction 

& Boxing 0 80 6 11 3 

1 73 7 13 7 

3 70 15 9 6 

6 48 12 30 1.0 

9 54 6 32 7 

12 51. 4 43 2 

Control 9 31. 7 53 
-

*Fungus= Oos~ora Eustul.ans 

All. figures shown to nearest 1%. 
-
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low Ievel.s o:r skin spot infection. Microscopic examina~ lon 

is, however, of particul.ar use in de.termining t-he presence 

or absence -0f sporulating Oospora pustulans on the eye 

tissues. 

Figs. 7 and 8 use the. same. data t:o illustrate th.e 

effect of treatments on the. survival.. of' the fungus:, an.d 

shows th• total. percentage eyes with viable. Oospora 

pustulans against the total. percentage of eyes without: 

fungal growth. It can be seen that dipping tubers up t:o 

9 weeks after lifting in 1962 .... 63 was very effective in 

controlling the. fungus, or at least inhibiting its 

ability to sporu.late, samples from all. dipping treatment , 

aving less than 100/o of the eyes with viable Oospora 

us.tulans present at the end of the storage period, 

compared with figures of' between 1-9% and 45% for the 

corresponding boxing treatments (Fig. 7; Table 6). It 

thus seems possible that delayed disinfection,, al.though 

not very effective. in controlling akin spot: symptoms on 

the tubers, may nevertheless considerably reduce t-he 

amount of fungus preae.n:t on the tubers which woul.d other 

wise be added to the s.oii in the following yearo 

This is substantiated by the figures for -196J - 64, 

when there was considerably more inocul.um. pre.sent: on the 

rvested tubers, t:he'boxing only' treatment ah.owing 50% 
to 83% of the eyes carrying OoSJ;)ora pust:ulans, whe,reas 

disinf ec,ted tubers had only 6% to 21% of their eyes, 

infected (Figo 8; Table, 6). 

It will be .noted that in both years del.a.ying 
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Fig. 7. Effect of (a) boxing and (b) disinfection and boxing, at intervals after 

lifting on the presence of OQspora pustulans on tuber eye tissue. 
Microscopic examination, 1962 - 63. 
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Fig. 8. Effect of ( t) boxing e.nu ( b) disinfection t..nJ boxing, a 1, ~ "1krvds after 

lifting on the Pres~noe of Oosooru pustulans on tuber eye tissue • 
.Jicroscopic exru:iinat.ion, 1963 - 64. 
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disinfection until 9 weeks after lifting resulted in a 

gradually increa~ing percentage of eyes found to be 

dead without Oospora pus-tulans present, when examined in 

March; from 4% to 18% in 1962 - , 63 and from 10% to 33% 

in 1963 - 64 (Figs:. 7 and 8). This would indicate that 

the fungus became acti va in the bud tissues: at, or 

shortly after, lifting time (disinfection before lifting 

had negligible effect on the number of dead eyes), 

gradually killing an inereas&ng number of the eyes. The 

organo-marcury dip effectivel:y controlled the fungus, 

but in the later treatments mueh of the damage to the ey 

t-iss.ues mus.t have already baen clone. 
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In 1963 - 64 further microscopie eye examinations 

were made on tubers removed from th.e. storage clamp at th 

times of the boxing and disinfection t:reatments, and 

thereafter at three-weekl.y intervals until March when th 

exp.eriment terminated. These e.stima.tions were carried o t 

immediately the sample had been taken, not. as in the eas 

of the. other eye examinations which were done. in March 

when all. skin spot symptoms had fully developed. The 

purpose of these examinations was to give some indicat.io 

of the progressive development oft.he fungus during the eriod 

of clamp storage. The results are shown in Fig. 9 and 

Table. 7. The most noticeable feature. is the steady 

increase in the percent.age of dead eye.a showing_ Oospora 

pustulans, from 5% at 6 weeks after lifting to 55% at: 

18 and 21 weeks after lifting. T~is suppo.rta the eviden e 
1 

obtained from the eye examination of the dipped tubers, 

suggesting that the fungus gradually kills an increasing 

number of eyes throughout the storage period, assuming 

t-hat the store conditions: are suitable. for active fungal. 

growth. 

At each sampling_ date t-he.re was a small percentage 

(l - 12%) of dead eyes which showed no aporuJ.ating 

0ospora pustulanso In some eases this was due to 

mechanical damage to the buds or to blight (Phyt.ophthora 

infest.ans), but in the remainder no fungal or other 
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Progressive develop~ent of Oospora pustulans infection on tuber eyes 
during pit storage. 
\licroscopic examination, 1963 - 64. 
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TABLE 7. Progressive development o~ Oosyora pustulans 
infec~ion on tuber eyes during clamp storage. 
Mieros·eopic examination, 19.63 - 64. 

Time of Examination Percentage of Eyes 
(Weeks after 

lifting) Eyes Alive Eyes Dead 

Fungu.s* Fungus* Fungus* Fungus* 
Absent Present Absent Present 

0 39 54 1 5 

1 34 57 3 5. 

3 38 45 8 9 

6: 37 45 12 6 

9 24 36: 1.0 29 

1.2 20 41- 3 36 

15 13 35 6 46 

1.8 19 11. 1.3 57 

21. 9 31. 7 53 

* Fungus = Oospora pustulans 

All figures 'to nearest 1%. 
., 

--- ,~-
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could be detected. It is poss.ible that death 

been due to physiological causes or to the 

of a fungus which did not sporulate o In rei ther 

howeve.r, was the number of eyes in this category 

enough to affect the general trend of· the results-. 

Wl th the increase in the number of dead eyes t-hroug 

the season the.re was a eorresponding decrease in t-he 

eyes. A decrease in the percentage of li e 

shoring Oospora pustulans is to be expected as· thes eyes 

gradually kill.e.d by the fungus. It was also noted, 

that the percentage of live eyes without 

ustulans also dropped during the storage period. ---------
reason for this is difficult to explain, since it. is 

enerally beliaved that Oospora pustulans does not sprea 

n storage, tuber·s becoming relatively resistant to the 

disease after the. initial few weeks of storage. 

The presence of conidia of Oospora pustulans in the air 

of a potato store has been reported from the u.s.s.R. 
(Kharkova, 196l(a)), and it was claimed that this would 

romote infection of tubers in the store. It would also 

ppear from the current investigation that an increase 

infection did occur during storage under the very 

conditions found in the clamp at Highfield during 

- 64, this high humidity being essential for the 

roduct.ion of aerial conidia of the funguso This might 

ccount for the much higher incidence of eye infection 

second season, 1963 - 64, compared with the 

962 - 63 season when the pit dried out. within the first 
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few weeks after lifting time. 

One other explanation for the increase in total 

percentage eyes showing Oospora pustulans later in the 

season is that variation in storage conditions may alter 

the ability of the fungus to spore, and that a proportio 

of the live eyes examined early in the storage period 

may have been infected, but did not produce aerial 

conidiophores on incubation. 
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Effect of delayed boxing and disinfection treatments on 

~he emergence of seed tubers, and on the final yield and 

skin spot development on the subsequent crop. 

To investigate the effect of delayed boxing and 

disinfection of seed tubers on their rate of emergence, 

and also on the final yield of the subsequent. crop and t e 

level of skin spot which developed, tubers from the 

1962 - 63 Highfield experiment were planted out. in an 

experimental plot at Bush Estate, Midlothian. Because o 

the limited space available only nine of the thirteen 

treatments were used, as shown in Table 8. 

TABLE 8. Treatments from boxing and disinfection experim nt 
used to obtain data on yield and skin spot 
development on subsequent crop. 

Treatment Ti$e of Treatment 

2 A Boxed ) at lifting 2 B Disinfected and Boxed ) 

3 A Boxed ) l week after 
3 B Disinfected and Boxed ) lifting 

., 

4 A Boxed ) 3 weeks after 
4 B Disinfected and Boxed ) lifting 

6 A Boxed ~ 9 weeks after 
6 B Disinfected and Boxed lifting 

Control Tubers remained in pit overwinter 

All treatments were randomised in each of 4 replica es, 

each treatment replicate consisted of a 14 ft length of 

drill, in which were planted 15 tubers. 

a) Emergence 

The planting date was 2 May, 1962, and the first 
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tubers to emerge above ground level were recorded on 7 J ne. 

Emergence counts were thereafter made weekly until 

12 July. The average number of days to emergence for 

each treatment replicate was calculated by dividing the 

sum o£· the number of days from planting to emergence for 

each tuber which produced growth, by the total number of 

emerged plants. The average number of days to emergence 

for each treatment planted, and the total number of tubes 

which emerged (out of a possible total of 4 x 15 = 60) i 

shown in Table 9. 

These figures show that there was insufficient 

infection on any of the treatments to affect markedly th 

rate of emergence or the final number of emerged plants, 

al though the tendency was fo~ the contr<i>l and later 

boxed treatment (6 B) to show a slower rate of emergence 

and lower final plant stand than the disinfection at 

lifting treatment (2 A). The intermediate treatments 

produced rather erratic results and no definite trend 

can be established. 

b) Yield 

The crop was lifted on 11 October, 1962, and the 

total produce from each treatment replicate weighed and 

placed in net bags which were then stored during the 

winter in an outside clamp in order to allow skin spot 

symptoms to develop. 

The results, shown in Table 9, are not significant 

at the 1% level, and although there are significant 
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differences at the 5% level, no general trend is obvious 

under these condition§ it would be wrong to conclude 

that the various disinfection and boxing treatments 

affected the final yields. It must be remembered, 

however, that the general level of infection even on the 

control tubers, was not of a high level, and it is 

probable that had this been greater and the early contro 1 

measures e~ually effective, the resulting increase in · 

the spread of infection levels would have been reflected 

in the emergence and yield figures. 

c) Skin spot development on subse~uent crop 

The produce from the 1963 growing season was 

stored overwinter in an outside clamp, and estimations 

of skin spot infection which developed made in April, 

1964. These results are summarised in Table 10, and 

may be outlined as follows:1. 

a) Compared with the control, all treatments significant y 

reduced eye infection indices on the subsequent crop. 

b) All disinfection treatments (B) gave significantly 

lower eye and surface infection indiceithan tl1e 

control. 

c) With the boxing treatment _(A), only that carried out 

at lifting (2 A) reduced infection significantly. 

d) In the case of treatments at lifting (2) and at 9 

weeks after lifting (6), disinfection (B) was 

significantly more effective in reducing both surface 
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and eye infection than the boxing only treatment (A). 

From these results it can be seen that the effect 

of treatments which reduce the incidence of skin spot 

on tubers will be reflect.ad in the levels of infection 

which devel.op on the crops· grown. from .these t .ube.rs, 

pres.umabl.y because of the reduction in. the am.ount of 

potential. fungal inocul.um. which is available for stolon 

and tuber infect.ion. 

Calculation of correlation coefficients (rJ from 

the data in Table lO shows that: 

a) SU.rface infection inde.x on planted seed wa..s signifiea tly 

eorrelate.d with surface infection index on harvested 

tubers -

r = + 0.724, P < 0.05 (n = 5) 

b) Eye infection index on plante..d seed was NOT 

signific.arrtly correlated with e.ye infection index on 

harves-ted tubers -

r = + O. 598 

c) S-urfa.ce. infection index on planted seed was 

s·ignificantly correlated wi t:h eye infection indwx on 

harvested tubers -

r -= i+,. 'Q~757, P < 0.05 (n = 5) 

These results suggest. that surface infection 

supplies the greaten part of the.. fungal inoculum to the 

soil at the. inf e.ction levels found in this experiment-, 

and that 'the potential surface and eye infection. on the 
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subsequent crop depends more on the degree of surface 

infection present on the seed than on the eye infection. 

If" the individual replicates used in the disinfection 

experiment had been retained and grown on separately to 

provide values fo:t the 'carry-over' infection~ it would 

have increased the total number of comparable figures 

from 9 to 27, and given a more accurate est.imate of the 

correlation coefficient. 



LERIMENT 3 A 

nvestigation into the effect of d:isinfection at lanting 

ime o.f skin . ot. infected tubers on_ the em.er ield 

infection levels on the subse uent cro. 

The methods of controlling skin. spot disease which 

bee.n described in the previous two. experiments, 

ere. the emphasis has been on treatment as s:oon as 

oasibla after lift.ing, are inapplicable for the. farmer 

who receives a badly infected stock of seed tubers in the 

spring for planting that year. 

It has been shown that. 'slight.' infection of seed 

t :ubers. will delay emergence, whilst 'severe' infection 

ay, in addition, cause considerabl.e blanking with 

subsequent redue.tion in yield, and an increase in the 

proportion o.f ware tubers (Boyd and Lennard, l96l(a)}. 

Disinfection of infec:ted seed: tubers at planting time. has 

been shown to reduce these effects, but it is very mu.eh 

less effective than disinfection at lif'ting time (Greeves 

and Mu.skett, 1939). 

To investigate the. effe.ct of an organo-mercury dip 

at planting on the emergence, yield and. skin spot 

devel.opm.e:at of a potato crop, an experiment was carried 

out at. Bush Estate during the se.ason 1963 - 64, with 

the fell.owing tube.r , categories: and treatments: 
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~uber crate ories: 

Free - tubers completely free from skin spot, 

by visual. examination. 

Moderate - tubers with 'moderate' surface infection. 

reatment s-: 

Because of the shortage of tubers in thi 

year with high levels of skin spot infec 

no account was taken of eye infection, 

and tubers with both 'all eyes' and 

'so,me e.yes' infected were planted at 

random. 

(1) - tubers untreated. 
" 

(2) tubers dipped for ½ min in an organo-

me.rcu.ry solution two days before planti • 

The four treatment categories were randomised within 

dlf four replicates, each treatment replicate 

onsisting of a 12 ft l..ength of drill in. which were 

lanted 12 tubers. Date of planting was 30 May, 1963. 

!Results 

) Emergence 

Emergence counts were taken weekly from. 28 June to 

6 July, and the average number of days from planting to 

inal emergence calculated for each treatment replicate. 

t was considered that plants which emerged afte.r 26 July 

. ould, from. a practical standpoint, be. re.garded as blanks, 
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since they remain very small and would make no 

contribution to the final yield. 

fABLE 11. Effect of disinfection at planting on the 
number of plants emerged at two dates after 
planting. 

Inf ect:ion on 
olanted tubers 

Free 

Eree 

Moderate 

Moderate 

Treatment at 
planting 

None 

Disinfected 

None 

Disinfected 

Number of tubers emergea 
(maximum possible= 48) 

28 June 26 July 

35 (73%) 48 (1000/o ) 

38 (79%) 48 (100%) 

6 (12%) 30 (62%) 

0 26 ( 54%) 

rABLE 12. Average number of days to · emergence for tubers 
free from skin spot and with 'moderate' surface 
infection, both untreated and -disinfected at 
planting. 

!Infection on 
planted tubers: Free Moderate 

~reatment at Disin- Disin-
planting: None fectid ... None fect:ed 

!verage number of 
days to emergence: 29.o4 28.0 

L.S.D. 
~ 

28.7 

None= 33.8 Disinfected= 34.7 N.S. 

Tables 11 and 12 show that the disinfection 

~reatment did not significantly affect the rate of emerg­

ence or the final plant stand of either infection categorf, 

but the moderately infected tubers, as would be expected, 

showed considerably slower emergence and lower final 
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lant count., this being due to the presence of infected 

yes slowing, and in some eases completely preventing, 

rout growtho 

Yield 

All tubers were lifted on 11 October and the total 

ield from each treatment replicate determined. 

ABLE 13. Average yield from tubers untreated and 
disinfected at planting time. 

Infection on 
planted tubers: Free Moderate 

L.S.D. 
reatment at Disin- Disin-

~ planting: None fected None fected 

verage yield per 
replicate (lb): 12.6 13.8 5.4 4o4 N,S. 

l3o2 4o9 3.,35 

None = 9.0; Disinfected = 9.1 N. S. 

The total yield of tubers per replicate, as shown 

in Table 13, reflects closely the data for rate of emerge ce, 

disinfection treatment having no significant effect, 

the moderately infacted tubers producing a much 

ower yield than tubers free from skin spot at planting. 

c) Infection on harvested croE 

After lifting and weighing,the tubers from each 

treatment replicate were placed in net bags and stored 

overwinter in an outdoor clamp to allow skin spot 

to develop. Visual estimation of surface and eye 
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was carried out during April, 1964. 

TABLE 14. Skin spot infection which developed on the 
produce from tubers untreated and disinfected 
at planting time. 

(A) Surface Infection 

Infection on 
planted tubers: Free Moderate 

L.S.D. 
Treatment at Disin- Disin-

planting: None fected None fected 1% ~ 

Surface Infection 
Index: 0.75 0.51 3.33 1.31 

0.63 2.32 

N.S. 

1.69 1.18 

None= 2.04; Disinfected= 0.91;1.69 1.18 

(B) Eye Infection 

Infection on 
plarited tubers: 

Treatment at 
planting: 

ye Infect.ion 
Index: 

None 

5.0 

Free 

Disin­
fected 

5.0 

Moderate 

None 

25.9 

Disin­
fected 

8.4 

5.0 11.1 

None = 15. 4; Disinfected = 6.7 

L.S.D. 

~ ~ 

17.1 11.9 

12.1 8.4 

12.1 8.4 

Figures for Surface and Eye Infection Indices are 

shown in Table 14, and may be summarised as follows: 

(i) The produce from the moderately infected seed 

had significantly more surface and eye infection 

than the produce from 'free' seed. 

(ii) The effect of disinfection at planting time was 

to reduce si8llificantly the degree of eye infecti n 
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on the produce from 'moderate' seed, but there was 

no reduction of eye infection on produce from 

'free' seed, which was of a low order in any case. 

(iii)Disinfection at planting did not significantly 

reduce surface infection on either 'moderate' or 

'free-' seed, but there did appear to be a trend in 

this direction, the results being almost significa t 

at the 5% level. 

In this experiment the effect of disinfection at 

lanting time was thus confined to reducing infection 

levels on the produce, particularly the degree of eye 

infection. There was no effect on the emergence rate or 

ield of tubers. The action of the organo-mercury dip 

is probably to reduce sporu.lation of the fungus from the 

ustules on the seed tuber when it is planted in damp 

soil conditions, and hence to reduce the amount of 

inoculum which is liberated into the soil to infect the 

stolons and developing tubers of the new crop. 

The infection which developed on the produce from 

'free' tubers may have derived from Oospora pustulans 

already present in the soil, or liberated from. neighbour 

ing tubers. It is known, however, that tubers showing 

no visible skin spot symptoms may in fact be carrying 

the fungus, and the author has noted that 'free' tubers, 

even if dipped in organo-mereury two days before plantin, 

ay show a small percentage of eyes which produce active 

sporulating Oospora pustulans when planted. 



-70-

XPERIMENT 3(B 

Investi ation into the effect of skins ot 

infected tubers at two different dates on the emergence, 

rield and infection levels of the subsequent cro. 

Unpublished work by Boyd has indicated that delayin 

the date of planting infected seed tubers may reduce the 

lanking in the subsequent crop and increase the rate of 

emergence. To investigate the effect of later .panting 

of skin spot infected tubers on the emergence, yield and 

skin spot development of the subsequent crop, a plot 

experiment was laid down at Bush Estate during the 

963 - 64 season. The following tuber categories and 

reatments were used: 

Tuber Cate ories: 

(a) Free -

(b) Slight -

(c) Moderate -

( d) Severe -

tubers completely free from. skin spot by 
visual estimation. 

tubers with 'slight' surface infection 

tubers with 'moderate' surface infection 

tubers with 'severe' surface infection. 

As in Experiment 3(A), a shortage of moderately and 

severely infected tubers meant that no .account could be 

taken of eye infection, and tubers with both 'all' and 

'some' eyes infected were planted at random. Tubers wit 

'slight' surface infection had both 'some' and 'none' of 

the eyes infected, as would be found in a field sample. 
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reatments: 

(a) Early planting - planted on 10 May, 1963. 

(b) Late planting - planted on 30 May, 1963. 

At the first planting, none of the tubers showed 

bvious sprouting, although growth could just be detecte 

sing a hand lens. Tubers for the second planting were 

stored from 10 May till required at room temperature 

(l5o5°C; 60°F) in chitting trays exposed to daylight. 

t planting, the 'free' and 'slight' tubers carried 

sprouts averaging ~11 in length, the 'moderate' tubers 

showed sprout growth of about½", and the 'severe' tubers 

showed little sign of sprouting, although there were a 

ew sprouts a ·bout ½" long. 

The eight treatments were randomised within each of 

our replicates, each treatment replicate consisting of 

15 ft length of drill in which was planted 15 tubers. 

esults 

a) Emergence 

Emergence counts were taken at weekly intervals 

from 14 June to 26 July, and the average number of days 

to emergence calculated for each treatment replicate. 

Table 15 shows that both the time of planting and 

the degree of infection had a significant effect on the 

average number of daya from. planting to emergence. Ther 

was n.o significant difference in the emergence rates of 

the moderately and severely infecte·d tubers, but both 
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sh.owed a significantly slower emergence rate than the 

1 sligh.t' t.uberso The slightly infected tubers took an 

ave.rage of' 4o 4 days longer to emerge. than the 'free 1 

tubers, a d:iffere.nce just not significant at the 5% 

level. As in experiment 3(A) these figures reflect the. 

increased percentage of infected eyes on the more 

save.rely infected tubers. compared with the 'slight' and 

'free' tubers. 

Within each of the four infection categ_ories. it wil 

be noted that the early planted tubers took, on average, 

18 days longer from planting to emergence than did the. 

later tubers, planted after an interval of· 20 days. 

Weather conditions during t.his interval were noticeably 

cool and damp, and these conditions encountered by- the 

early plant.ed tubers, whilst unsuitable for sprout 

growth, would seem ideal for the growth and sporulation 

of the Oospora pustulans present. on infected eyes, and 

it might. be. expected that this. planting would show a 

higher percentage of· blanking in the final crop. 

Table .16 shows the number of plants which had 

emerged at two dates after planting. As in experiment 

3 (A}, plants which emerged after 26 July we.re regarded 

as blanks. Contrary to expectations, these figures 

show that •severe' and 'moderate' tubers of the late 

planting rasul t .ed in oonside.rably more blanking ( 50% an 

87% respectively) than the correspondi.ng cate.goines of 

the early planting (33% and 47%). It may be that after 

the random sampling of tubers for each planting date, a 
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higher proportion of tubers. with all eyes i:nf ected was 

used for 1:he l.ater planting. No data on the le.vel of 

eye infection was taken at planting "time and it is difficult 

to suggest any alternative reason f 'or t:his apparent 

anomaly. 

TABLE. 16. Effect of delayed planting of tubers infected 
with skin. spot on the number of plants emerged 
on t:wo date,s after planting. 

Inf eotion. on Time of Number of tubers emerged 
I lanted tubers planting (maximum. possible= 6.0) 

21 June 2.6 July 

Free Early 46 (77%} 60 (106%) 
.. 

Slight Early 22 (37%) 57 (95%) 

Moderate Early 8 (13%) 40 (§,7%) 

Se.vere Early 1 (2.%) 32. ( 53%) 

Free. Late 40 (67%) 59 (98%) 
- - . 

Slight Late 40 (67%) 55 ( 92%) 

Moderate. Late 2 (3%) 30 ( 50%) 
., 

Severe Late 0 8 (13%) 

b) Yield 

All tubers were lifted on 11 October and the total 

yield from ea.eh treatment replicate note d. The results 

are shown in fable 17. As the tubers from both planting 

dates emerged at approximately the same time, it is 

unlikely that there was much variation in yield due to 

differences in the length of the growing season. 
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The 'free' and 'slight' categories showed no 

significant differences in yield, nor did the time of 

planting have any effect on the yield in the case of 

these two categories. 'Severe' infection significantly 

1-owered yield compared with 'moderate' infection, which 

in turn showed a significantly lower yield than that fro 

both 'slight' and 'free' tubers. Within the· 'moderate' 

and 'severe' categories, yields from the later planting 

were significantly lower than those from the early 

planting. 

It would appear that final yield depends principall 

on the percentage of blanking in each treatment, the 

lowest yields deriving from those treatments with the 

greatest number of blanks., and vice vers.ao 

c) Infection on Harvested Crop 

After lifting, tubers from each treatment replicat.e 

were placed in net bags and stored overwinter in an 

outdoor clamp to allow . skin s.pot symptoms to develop. 

Visual estimation of surface and eye infection was 

carried out during April, 1964, and these figures are 

shown in Table 18. 

It will be noted that results for the produce from 

severely infected tubers are not available. During the 

storage period the net bags used to separate the samples 

rotted badly, and a proportion of the tubers from each 

sample was lost. As the total produce from the severel 

infected tubers was already very limited, this loss 
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during storage left insufficient tubers to give an 

ccurate estimation of the infection levels present. 

The results available show that the infection which 

developed depended to a large extent on the degree of 

present on the planted seed, the produce from 

'free' tubers showing significantly less surface and 

infection than the produce from the 'moderate' or 

'slight' seed. Surface infection on the 'slight' produce 

as significantly greater than that from the 'moderate' 

rop, although eye infection was not significantly 

different. No reason for this can be suggested. 

Early and late planting gave no significant differe ce 

n infection levels on the produce, and although a slight 

rend towards lower infection after late planting of 

'free' and 'moderate' seed ia noticeable, it is not 

ufficient for any conclusions to be drawn from this 

xperiment. 
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DISCUSSION 

It has been known for many years that environmental 

conditions during the storage period can influence the 

amount of skin spot infection on potato tubers which 

develops by the fol.lowing spring; Gussow (1918), al thoug 

considering that no fungal pathogen was present, noting 

that the disease always occurred on t.ubers stored in. 

badly ventilated (and presumably damp) cell.ars. 

Comparison by Greeves and Muskett (1939) and Boyd 

(1957) of clamp storage, where conditions are normally 

damp at least for the first few weeks, and box storage 

where the tubers dry off rapidly, showed that th11 drier 

environment of the boxes allowed mu.eh less skin spot to 

developo These results were confirmed in further work 

by Boyd (1960), who al.so noted that tubers. boxed and 

stored at low temperatures developed more skin spot than 

those kept in warmer conditions. This effect of tempera ure 

was also noted by Nagdy (1962), al.though in some cases 

his results were not statistically significant. 

A survey of the annual incidence of skin spot over 

the years 1927 to 1960 reveal.ed that above average rain­

fal.l during the lifting period (leading to damp storage 

conditions), and below average temperature durtng the 

beginning of storage, shows a close relationship with 

above normal incidence of skin spot in the foll.owing yea 

(Boyd and Lennard, 1962). 

Such observations have led to the generally accepte 
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conclusion that cool, damp storage will,lead to maximum 

skin spot development, while warm dry conditions are 

least conducive to severe outbreaks of the disease. 

The present work. appears to be the first to compare 

directly dry and damp storage under various temperature 

conditions, using disinfected tubers inoculated with a 

spore suspension of Oospora pustulans in an attempt to 

provide a standard potential inoculumo The results 

obtained confirm the observations of previous workers. 

It was noticeable, however, that tubers stored under 

moderate temperature conditions (12.5°0 (55°F) at the 

beginning of storage, falling to -about 4.0°0 (40°F) 

during the winter, rising again to some 10°0 (50°F) at 

the end of storage), developed no less skin spot infecti n 
0 than those stored under continuous low temperature (1.5 ; 

36°F). In the moderate temperature store, the temperatu e 

did not fall below 7°0 (45°F) until mid-November (one 

month after lifting), and this suggests that the temp­

erature after this time could still affect the final 

infectio~, or the initial warm period would have reduced 

infection levels below that. found after continuous cold 

storage. 

The influence of humidity an.dt.temperature on the 

host/parasite relationship is not yet fully understood. 
, to 

Low temperatures appear/permit active growth of the 

fungus and also reduce the ability of the host to resist 

penetration, although which factor is the more important 

is not known. Similarly, the effect of humidity is by 



no means fully u.nde.rstood. 

It is obvious, however, that warm storage condit-io s 

. (15.5°c; 60°F) will very markedly reduce the damage 

caused by skin spot, humidity having little effect at 

thls t .em:perature. I"t should be note.d that as no control 

was: pos:sibl.e over the. levels of relative humidity in 

each store, the relative hu.midi ty of the 'dry' tuhe~s 

under the warm c.ondi tions. would be lower than that found 

in. either the. moderate. or cold stores. Under c.ontinuous 

cold conditions (1. 5°c; 36°F), humidity becomes an 

important factor; and if it can be kept to a minimum 

(e.g. by ventilation o:r hulk stores), the effect of the 

1-ow temperature in promoting skin spot devel,ppment is 

much reduced. Moderate tempera.ture showed no better 

control. t:han the continuous cold in the 1962 - 63 sea.son 

but it shoul.d be. remembered that the wint:er of this year 

was: very severe, and it is possible that in a more 

'normal' season the temperature would have been rather 

higher, and t:he incidence of skin spot correspondingl~ 

reduced. 

It wou1-d have be.en of interest to have obtained 

figures for the minimum temperature and maximum relative 

humidity during storage necessary' to provide a reasonabl 

degree of control of skin spot deve1-opment. Unfortunate. y 

the range.s used in this: expe.riment were. not sufficiently 

numerous or c.lo ae.1-y defined to allow this to be done wi 

accuracy, but' the critical. temperature would appear to 

be somewhere in the range 4.5° t:o 10°c (40° t:o so°F). 



The boxing t:reatments carried out. in Experiment 2 

eonf''irmed that removal of tubers to· a dry environment· 

i thin 3 weeks of lifting may substantially reduce skin 

the temperature remains relatively warm 

or a period: of at least: the firs:t 4 weeka of box 

storage. Delaying b.ox:ing until. 6 or more. weeks after 

lifting gave relat.i vely li ttl.e control of the disease 

(as found by Boyd (1960)), and it would seem that under 

farm c.onditmons 'boxing onl.y' as. a control for skin spot 

is unlikely t.o give. satisfactory results: unless carried 

out within 2 t:o 3 weeks of lif·ting, and the boxes 

aubseq_-uently stored in conditions where the temperature 

'llil.l. not fall to l.ow l.e,vel.s. Again, it is not possible 

t.o put an. accurate figure on the critical temperature, 

but from_ Figs. 3 and 4 (pages 36 and 17) it woul.d seem 
0 O O 0 to be nearer 4 .. 5 a (40 F) than 10 C; (50 F')o 

Boxing relies for its control. effect on the provisi 

of an environment least suited t .o further fungal penetra ion 

and developm_ent. Disinfect.ion. kills spores or mycelium 

on or near the. surface of the tuber, any subsequent. skin. 

spot which develops arising from. mycelium already 

ene.t.rated into the tuber peri.derm. Greeves and Muskett 

(1.939), Fois.ter (1943.), an.d Boyd (1957; 196.0) have. shown 

that disinfect.ion at lifting tim.e is the most effective 

control. measure for skin spot.. In ad.di tion, Greeves and 

uskett (1939) showed that disinfection at 2 and 4 weeks 

after 1.ifting was al.most as effective. as this treatment 

at lifting, but that disinfection 8 and 1.6' weeks: after 



lifting gave progressively less control, although even 

the '16 week I treatment gave a measurable reduction when 

compared with untreated tuberso However Boyd (1960) 

disinfecting tubers 6 weeks after l.ifting found a very 

much reduced control, while disinfection at 11. weeks 

gave no re·duction in skin spot of any practical value. 

The periodic disinfection in Experiment 2 confirmed 

t:he effectiveness. of organo-mercury dips at lifting t .ime 

as a control f 'or skin spot. A delay of only 1 week with 

this: treatment gave rise to a notice.abl.e increase. in 

infection, and a delay of 6 weeks reduced the effectiven ss 

t.o a level unlikely t:o be of pract.ic.al. use. These figur s 

tend to support the. work of Boyd (1960) rather than that: 

of Greeves and Muskett (1939), al tho.ugh the degree of' 
~ 

aont:rol. obtained by later dipping must depend to some 

ext.ent on t:he. st.orage conditions between lifting time an 

treatment., a factor which will vary from year to year. 

The disinfection treatment carried out on early 

lifted tubers showed no marked reduction in skin spot 

compared with dis·inf ection at the main lifting - the 

rapid increase in infection caused by a delay of 1 week 

after lifting indicates that the act of harvesting must 

in some way stimul.ate penetratipn of the fungus, possibl 

through da.mag_e to the tuber skin at l.ifting. The early 

lifted tubers which were boxed only showed no reduction 

in skin spot compared with tubers boxed at the main 

l.ifting in 1962 - 63, whereas the control. by earl.y boxin 

in 1963 - 64 was very marked. This effect was almost 



e:ertainly one of t.emperature, warm conditions prevailing 

after both early liftings and after the main lifting in 

1962 - 63, bu"t cool.er conditions after the main lifting 

in 1.963 - 64. It is thus possible for early lifting to 

reduce skin spot infection (as suggested by Boyd, (1957) , 

bu"t its e:ffectivenesa is probably more dependent on 

subs·eq_uent storage conditions than on "the actual. t-ime of 

lifting • . 

The use of a techniq_ue first described by Salt 

(1957) involving t:he. removal and incubation o.f t.ube.r eye 

t:o show thw percentage infect.ion with Oospora pustulans, 

revealed that tubers stored in a clamp overwinter showed 

a sudden and rapid increase in the number of dead eyes 

showing Oospora :pustulans from 6 weeks after lifting, 

and confirms that any control measure attempted later 

than this time is certain to be less effective in contro -

ling at least eye infection, than treatments at lifting. 

It. was also noted tha.t over the complete period of clamp 

storage, there was an increase of some 2~ in the total 

number of eyes which showed the presence. of Oospora 

:pustulans. This may reflect a spread of the fungus in 

the very damp conditions of the experiment'al clamp in 

1963 - 64, but further work would be necessary to confir 

this. Undoubtedly the conditions in most clamps and all 

bulk stores would be considerably drie.r than those of 

experimental clamp, and in practice the spread of _O_o_s _ __,. 

pustulana, if it occurs, is probably uncommon, although 

spread in storage was also recorded in u.s.s.R. by 



arkova (196l(a)). 

A comparison of visual estimation of eye infection 

"ndex (percentage of eyes killed by skin spot) and 

icroscopic examination of tuber eyes, showed a very clos 

elationship ,and it is considered that the former more 

apid method is quite adequate for estimating the number 

of eyes killed by skin spot. 

In the course of using the excised eye technique, 

ungi other than Oospora pustulans were noted round the 

it may be that this method of eye exam­

·nation would be useful for indicating the presence of 

athogenic or other fungi. Fungi noted include: 

z.oct.onia solani Kuhn or Corticium solani (Prillo & 

elacr. ) Bourd. & Galz.; Helminthosporium. atrovirens 

(Harz) Mason & Hughes; Verticilliu.m_ sp.; and various 

saprophytic moulds. 

Planting out of tubers frorr-/t_he various boxing and 

disinfection treatments showed no significant differences 

in emergence rates or final yields, as the differences in 
I 

infection levels were too restricted. Storage of the era 

ntil the following year, however, revealed that the infe tion 

hich developed was correlated with the surface infection 

on the planted tubers, the effect of the control measures 

'carried-over' to the following crop. This agrees with 

he findings of Boyd and Lennard (196l(a)) who noted thaj 

the produce from severely infected seed developed more 

skin spot than produce from 'slight '!> infection category 

seed, both results suggesting that the infection present 
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n the planted seed supplies the bulk of the fungal 

noculum which causes infection on the new crop. 

This is supported by results obtained from Experimen 

(B), where the 'moderate' and 'slight' seed gave signifi ant­

y more surface and eye infection on the subsequent crop 

did the 'free' seed. Admittedly the 'slight' seed 

more subsequent surface infection than the •moderate 

this is the only result which appears ou.t of 

the eye infection showing no significant differenc. 

also be seen from this experiment that tubers 

lanted apparently free from skin spot produced crops wit 

uite considerable skin spot infection. This is also 

pparent in Experiment 3(A), where the visually'free' 

ubers, even if dipped in an organo-me~cury solution at 

lanting time, showed skin spot on the produce. This is 

ot necessarily an indication that the infection on. the 

rop must have come from the soil, as it has been shown 

(1957) that tubers with no visible symptoms may 

carry the fungus in the eye tissue or stolon scar 

present author has noted that visually 'free' 

dipped in organo-mercury two days before planting 

howed growth of Oospora pustulans conidiophores on thee es 

t plantingo It therefore seems unlikely that any tubers 

lanted are completely free from skin spot, a fact which 

throw doubt on the results of experimental work 

ith apparently 'free' tubers planted on virgin land, and 

ther observations, which indicated that ustulan 

as an inhabitant of certain soils (Anon., 1932; Boyd and 
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Lennard, 196l(a); Kharkova, 196l(a))o 

The use of an organo-mercury dip at planting time 

did not increase the emergence rate nor yield of either 

'free' or 'moderate' seed, but the final crop from the 

'moderate' tubers showed a reduction of about 6~ in the 

levels of surface and eye infection, compared with 

reductions of 80% to 9~ when tubers were dipped at lifti • 

These figures compare very closely with those obtained by 

Greeves and Muskett (1939) when they compared disinfectio 

at planting and at lifting. Disinfection with an organo-

ercury solution at planting did not appear to J:iks,n affect 

emergence rate or final percentage of blanking, contrary 

to the findings of Boyd and Lennard (1963) who found that 

this treatment tended to retard the emergence of 'free' 

seedo 

Delaying the date of planting infected tub•~s, in an 

ttempt to provide conditions mora suitable for rapid 

growth away from the source of infection, and so 

educe the number of delayed sprouts and possibly also 

the number of blanks, was found to have no beneficial 

effect i n practice, and the later planting inexplicably 

·ncreased the percentage of blanking with 'moderate' and 

'severe' tubers causing a marked reduction in yield. 

also no reduction in. infection levels which 

develpoed on the harvested crop, and from the results of 

his experiment, delayed planting could not be reco.mm.ende 

s a method of reducing losses due to seed badly infected 

ith skin spot. 
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During the course of this work, two observations 

ere made which might be worthy of further study at some 

ime: 

) During estimations of skin a.pot surface infection, it 

was noted in certain samples that sclerotia of the 

fungus Rhizoctonia solani were common on tubers with 

'free' or 'trace' skin spot infection, but that 

sclerotia were almost never found on tubers with 'slig t' 

'moderate', or 'severe' skin spot infection, and it 

may be that these two fungi are mutual1y antagonistic. 

) When.,-,examining tubers in March from the 'boxed at 

1ifting' treatment in Experiment 2, it was noted that 

some of the tubers roun.d the edge of the seed trays 

had been greened by exposure to light. Comparison of 

these greened t~bers with other unaffected tubers in t e 

same tray showed that the greened in every case 

developed much less skin spot infection, and it is 

suggested that greening of tubers may produce a 

substance which will retard or prevent the develppment. 

of Oospora pustulans in the tuber periderm .. 
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SUMMARY 

1. Temperature and humidity conditions during storage 

were found to have a very marked effect on the levels 

of surface and eye skin spot infection which develope 

on. potato tubers artificially inoculated with the. 

causal.. fungus, Ooapora pustulans Owen & Wakef . 

Continuous warm. con.diti.ons (l.5o5°C; 60°F) led to 

mu.eh leas skin. spot de.vel;J>pment than either continuou 

cold temperatures (1.5°c; 36°F), or fluctuating 

temperatures similar to those encountered in. c·ommerci l 

bulk potato store.s.(l2o5°C (55°F) at the. beginning of 

storage, falling to · about 4~0°C · ( 40°F) during the 

winter, rising again to some 10°c (50°F) at the end 

of storage). The effect of humidity was slight under 

warm s.torage oondi t.ions ,. but w.i th fluctuating or 

continuous cold storage, high humidity increased dama .- e. 

caused by this disease.o 

2. Disinfection of tubers. at. lifting in an o.rgano-mercur 

dip was shown t.o be the most effective means of 

controlling potato skin spot. If this treatment was 

delayed after lifting_, its effectiveness was 

correspondingly reduced, and to obtain a worthwhile 

reduction in infection level, disinfection must be. 

carried out within. 6 weeks of lifting the tubers. 

3. :Boxing of tubers at lifting was also shown to give. 

s·ome measure of. control over skin spot develppment, 
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but it. was not as eff ect:i ve as the dis:infect.ion 

t.reatment. As with disinfect.ion, delaying boxing 

after lifting reduced its abi.li ty t:o control the 

disease.. The temperature to which the tubers were 

exposed after they were boxed was found to be. cri tica , 

cold conditions favouring establishment of the pathog 

and greatly reducing the effectiveness of boxing as 

a control measure. 

4. A method of estimating eye infect.ion caused by skin 

spot, involving t:he remo,va.l and incubation of the 

tuber eyes was compared with the more norm.al method 

of visual examination. The former met.hod was found 

t.o be no more accurate as a mean.s of ass·essing the 

numb.er of eyes killed by the fungus, but it: was. usef 

for indicating t:he presence or absence of Oospora 

pustulans, particularly on 1.ive eyeso Using this: 

t:echni~ue, it was noted that. there was an increase in 

the number of infected eyes during one storage season 

suggesting that under very damp storage conditions, 

Oospora pustulans may spread in stores. 

5. Disinfection of skin spot infected tubers at planting 

t.ime in an prgano-mercury dip was not found to, have 

any effect on t.he emergence rate or y.i.eld of the 

produce, but it did reduce the skin spot infection 

which devel.oped on the subse~uent crop. 
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• Delaying tne planting date of tubers infected with 

skin spot did not reduce the infection which developed 

on the subaeq_uent crop, and in this work was t ·ouna: to 

increase the percentage of blanking and reduce the 

final yield from. tubers with 'moderate' or 's·evere' 

skin spot infectiono 
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