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INTRODUCTION

Historieal

The first reeord of what was probably potato skin
fspot came from Scotland in the middle of the 19th.
' century, when a condition described as 'pock and blingd
' eye' was noted. Symptoms appeared in eérly spring, the
:tuber surface becoming covered with small round brown
;spots or pimples, and the eyes failing to sprout. The
:disease was attributed to an insect (Johnston, 1845).
| The same disease was described more fully in 13904 -
;’potatoes-covered with numerous bluish-black warts of
'about %" diameter. When thinly peeled, a dark brown
;patch was found below each wart. On digsecting these
|patches the cells of the potato were found to be
permeated by threads of very fine mycelium'. The
causal fungus was not, however, identifiedi(carruthers,
11904).
: A few years later the name 'skin spot' was first
{used to describe the disease, and the fungﬁs erroneously

identified as Spicaria solani (Pethybridge, 1915).

Later workers suggested Spicaria nivea (Milburn and

'Bessey, 1915), Rhizoctonia crocorum (O'Brien, 1919),

éPhoma eupyrena(Wollenweber, 1920), and Spongospora
|

Hsuhterranea (Shapovalov, 1923) as possible causal

1crganisms, and one worker considered bad storage

‘eonditions as being solely responsible for the disease

(Gussow, 1918).
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The most authoratative work was that of-Owen (1919)
'who described the fungus fully and named it Oospora
pustulans. Her work was later confirmed by further invest-
igation and successful inoculation experiments (Millard
'and Burr, 1923).

{The Causal Organism

The organism responsible for skin spot disease is

|
|Oospora pustulans Owen and Wakefield, a member of the

:Hyphomycetales (Fungi Imperfecti). The mycelium

iconsists of narrow septate filaments, 2 - 4p diameter,
;hyaline or pale brown in colour. Conidiophores are
;numerous, up to ZSQP long, usually erect and repeatedly
ibranched. The chains of conidia break up easily, the
‘individual conidia being oval-cylindrical or cylindriecal
’single—celled,structures with rounded ends, 6 - lZP by
2.0 - 2.§p (Owen, 1919; Kharkova, 1961(a)). The
gproduction of dark coloured sclerotia,'49ﬁ to 1mm. in
;diameter has been reported from U.S.S.R. (Kharkova,
'1961(a)), but this work has not so far been confirmed.

; The fungus grows well on a wide range of cooked
ivegetable media, but less successfully on uncooked plant
%tissue (Owen, 1919). Addition of sugar to the media is |
éstated to increase the growth rate (Kharkova, 1961(b)).

E Oospora pustulans has a relatively low optimum
?temperature for growth, generally regarded as being
between 12°and 16°C (Owen, 1919; Salt, 1957; Kharkova,
f1961(b)). Growth of fungal colonies may be accelerated
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by initial exposure to temperatures of -5°to -12°C for
three days (KhatkoVa, 1961(b)). Growth ceases below Q°C
or above 24°C, but the fungus can survive temperatures
as low as -39°C during the winter (Kharkova, 1961(b)).

| As a result of this low optimum growth temperature

of Qospora pustulans, skin spot disease is confined to

jthe temperate and cooler regions of the world, having
jbeen reported from Tasmania, New Zealand, Canada, and
:Norway (Anon., 1950), Germany (Fuchs, 1954), U.S.S.R.
;(Hrobruih, 1953), Sweden (Emilsson, 196C) and U.S.A.
'(Folsom and Bonde, 1950).

fMethod and Time of Infection

Infeection of tubers by Cospora pustulans occurs

1&uring the growth of tubers in the soil prior to
‘maturation.and,lifting. Early lifting decreases the
severity of the disease (Allen, 1957; Boyd, 1957).
Penetration of the fungus occurs through lenticels and
‘round the eyes, both these areas being unprotected by
'the corky periderm covering the rest of the tuber
(Greeves and Muskett, 1939; Allen, 1957). Wounds and
‘abrasions of the periderm also allow entry of the fungus,
iand are potential infection sites (Fuchs, 1954; Boyd and
‘Lennard, 1961(a); Nagdy, 1962). It has not been
%established, however, whether penétrationvcan oceur
1through the intaet periderm of the tuber. A report from
;the U.S.S.R. suggests that infection might spread
internally through the stolons (Kharkova, 1961(a)), but



jthis has not been confirmed by other workers. Entry of
‘the fungus through the stolon scar, however, is known

to oceur.(Boyd, 1957).

' Symp toms
| External symptoms of skin spot do not become evident

until at least two months after infection owing to the
lslow growth of the mycelium, and under field conditions
fin.Britain.recognisable pustules are not fully developed
funtil February or March (Allen, 1957; Boyd and Lennard, |
§l961(a)). There appear on the tuber surface small dark
fcolouréd spota, 0.5 - 2 mm. in diameter, which may
‘occur singly,or in aggregated groups covering a large
‘area of the tuber. These spots may take the form of
lsuperficial flat lesions, definite raised pimples, or
‘more occasionally depressed irregular lesions, but in no
‘case are they accompanied by any general rotting of the
'tuber tissues., The form and size of lesion is reported
;to depend on the structure of the tuber periderm(Owen,
§l919), and also on environmental conditions during the

'development of infeection (Todd, 1963).

Effects on the Tuber, and Economic Importance
| Under the skin spots the cells are dark brown with

\thickened walls, their contents entirely disorganised.
i
i

Attack is usually limited to the outer layers of cells

(1 - 2 mm.) by the development of a cork barrier which
'igolates the infected region from the healthy tissues of
the tuber (Millard and Burr, 1923). When severely
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'infected, the tubers become unsightly, but because of thé
superficial nature of the infection the affected periderm
is easily peeled off and the disease is thus not regarded
as being of serious 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
fcarbamate (IPC) in order to delay sprouting, prevented the
jformation,of the cork layer beneath the site of penetration
'and resulted in abnormally deep and extensive lesions |
‘which rendered the tubers unfit for sale (Ives, 1955).
‘After the unusually wet autumn of 1960, some potato
crops had to be left in the ground overwinter: examin-
ation of these crops the following spring showed
extensive, deep skin spot lesions similar to those
‘mentioned above, and several varieties of potato normally
‘regarded as being fairly resistant to 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 tissues, 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 it gives rise to blanking, may increase the
;pr0portion,of ware and correspondingly reduce the
jpr0portion of seed tubers in the final erop, the overall
?effect being a reduction in the totai number of tubers
per plant (Boyd and Lennard, 1961(a)). Thus assessment
of eye infection rather than surface infection gives a
‘more accurate representation of potential loss from this
' disease (Boyd, 1957; Boyd and Lennard, 1961(a)).

Qospora pustulans will also infect potato rdots and

stolong, causing brown lesions to develop in the cortex:
it is not known whether such infection reduces yield
(Hirst and Salt, 19563 Salt, 1957; Hirst et al, 1963).

Pergistence and Transmission

The fungus seems able to persist saprophytically
'in the soil for 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
jand Salt, 1956; Nagdy, 1962). The principal means of
§transmission of the disease; however, is by planting

infected seed, more severely infected seed producing
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heavier infection in the resulting crop under any given

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

‘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
jstorage period of the potato crop. From a consideration
fof the data over a period of thirty-four years, it
[appears that there is a close relationship between above
javerage rainfall during the lifting period (end of
fSeptember, and October) and severe outbreaks of skin
;3pot, presumably because damper conditions encourage
fungal growth and sporulation at a time when the tuber
%periderm is susceptible to penetration. Since Qospora
;pustulans has a low optimum growth temperature, there is
also every possibility of increased disease incidence if |
the temperature 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 cambium
gbelow the site where fungal penetration has occurred
(Boyd and Lennard, 1962; 1963). A third factor which
%éppears to influence seasonal variation in skin spot
%attack is the incidence of the disease on the planted
|

;seed, & high inoculum level tending to increase infectioﬁ

‘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, 1961(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
fKing 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, 1961(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
flifting time in an organo-mercury solution provides the
imost effective control of the disease, and that any
delay in treatment reduces the effectiveness of dipping 3
 (Greeves and Muskett, 1939; Foister, 1943; Boyd, 1957;
iBoyd, 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 infection
;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 reduction
%in skin spot (Greeves and Muskett, 1939), but later |
‘investigation suggests that some control may be possible
éby 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
ireduces 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 penetration 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 production of healthy seed, the bulk of which is
%sent to English markets., Within the last few years
lhigher costs of production, marketing and transport have
increased the price of seed potatoes to such a level that

‘English growers have become much more critical of the
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huality of Scots seed, and many have turned to Irish andé
ioreign sources of supply. To maintain interest in this?
important trade it is therefore essential that Scottish
igrowers make every effort to prevent poor guality seed |
{reaching the market, |
Skin spot is one disease which has caused numerous
komplaints from potential customers, partcularly after
&he severe outbreaks in the spring of 1961 and 1962,
which caused considerable blanking and delayed emergence
;in,potato erops. As previously stated, tubers become infected
%with the fungus at or before lifting, but no obvious
isymptoms become apparent until about February, and even
‘then they may not be readily visible on unwashed tubers. |
}Thus many consignments of seed are dispatched in
apparently good condition and free from the disease, but |
‘by planting time are found to be severely infected.
| Such a situation has led to the demand for an
effective method of preventing the development of sgkin
fspot on seed tubers, and the experiments reported in this
‘thesis are designed to investigate the possibility of
controlling the incidence of the disease by both culturai
and chemical methods. Three approaches to the problem

have been investigated:

;(a) the effect of varying the environment in which the
A tubers are stored (after artificial inoculation).
Incidence of the disease was studied after storage
at high and low humidity under three temperature

conditions:



(b)

(e)

-11- ;
(1) Continuous low temperature
(2) Variable temperature as found in farm

(bulk storage
(3) Continuous warm conditions

chemical control of the fungus using an organo-mer%ury
dip, and a comparison with the effect of boxing. |
Both treatments were carried out before lifting, g

at lifting, and 1, 3, 6, 9, and (in the second |
year) 12 weeks after lifting, and the subsequent
development of skin spot compared with the degreel

of infection on untreated tubers.

investigation into the effect of varying conditions
at planting on the emergence of infected seed |
tubers, and on the infection which developed on
the subsequent crop:
(1) by using two planting dates |
(2) by disinfection of seed immediately prior
'~ to planting.
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MATERIALS AND METHODS

‘ The variety King Edward was used in all experimental
fwork, Not only is it widely grown in Scotland as'a seed%
' erop (approximately 13,000 acres annually), but as |
' previously mentioned it is particularly susceptible to f
Eskin gpot and liable to suffer seriously from damage to
jthe eyes. This is borne out by advisory experience, |
gmhere by far the greatest number of cases of irregular
iemerganea associated with skin spot refer to this
jvariety (Boyd, 1957; Anon., 1963).

| As economic loss due to skin spot is, at present,
iconfined almost entirely to the seed trade, only seed
isize tubers were used in experimental work - i.e. tubers:
'which would pass through a 23# mesh riddle, but not a
|1%" mesh, these sizes being commonly used in Scotland

|to select seed tubers.

| Assessment of Surface Infection

| Surface infection on tubers was assessed visually

' by separating the sample into five categories:

| (a) Severe - 4 or more of the tuber surface

éovered with skin spot pustules.

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

% (e) sSlight - more than 10 pustules but less

g s 1/10 surface area affected. ;
(d) Trace - less than 10 pustules present.

(e) Free

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 affected, i.e.

Severe (S) x 62.5
Moderate (MY = 37.5

Slight (L) x5
Trace (T)‘ 4l
Free (F) xr ©

This total was divided by the number of tubers
' examined, and multiplied by 100/62.5 to give a mean
'percentage area affected (Boyd, 1957).
i.e.

Surface Infection Index = 1:6(62.5 S + l%‘S M+ 5L+ )

Where N = total number of tubers in sample.
| This method of assessing surface infection is usnfui
iin.that it allows the degree of infection to be expresseh
ias a single figure. It is not, however, without its
' drawbacks.

j Tubers are easily separated into 'free', 'trace'

'or 'lower slight' categories, but difficulty can be
iexperienced in deciding whether a tuber should fall into|
 the 'upper slight' or 'lower moderate' classes. This
;problem.also exists fof tubers on the borderline of
j'moderate' and 'severe' infection. In practice it was
:found that after a trial period, any sample would be
jgiven a very similar Infection Index if re-assessed after

'an interval of some weeks. Thus for any one operator,

?this method should be suitable for comparison of infection
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éon,different samples. It would not be so suitable for

Zcomparing samples assessed by different operators as

irea,ch would tend to have his own limits for the various |

' categories. 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 thss thesis for surface infection index

'are all of a similar standard and reflect with reasonable

accuracy the actual infection present, care would have tp

' be taken if these figures were compared with those of

' other workers. This criticism is not, of course,

' confined to this method of visual estimation of skin

spot infection, but applies to any estimation relying on

| visual assessment of size 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 concerns the calculation of the percentage

surface infection on severely infected tubers. The

‘assumption.made is that tubers falling into this category

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

| with pustules. In fact, tubers with 100% surface infection

are never found, and the majotity appear to have less

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

' figure for 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 applf
;to such an extent with the other infection categories, aé
Ztheir_limits fall within much narrower ranges. In the |
Eexperimental work for this thesis, it was found that very
?few tubers fell into the 'severe' category, and for this
greason the results will nét be unduly affected.

This method of visual surface infection estimation

r'
jwas used throughout the experimental work to madntain

fcontinuity with previous experiments, as far as

'experimental and assessment errors allow.

Assessment of Eye Infection

3(1) Visual Examination

; An eye was classed as infected if the damage due

| to skin spot appeared sufficient to kill all bud tissue.
;In some cases a sprout may in faect have developed, bﬁt it
' was considered that the delay in growth would prevent
;such an eye from making any contribution to the 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 calculated by
multiplying the number of tubers in each category by the

average percentage eyes infected, i.e.
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f All eyes infected (A) x 100 |
Some eyes infected (S) x 50
No eyes infected (N) S S -

This total was divided by the number of tubers xm
.examined to give a mean percentage of eyes infected
:(Nagdy, 1962), i.e.

;Eye Infection Index = (100 A)N+ (50 8) x 100

% 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 éctually killed. This
means that a saﬁple with few infected eyes would have an
1over-estimated eye infection index, while a badly affectéd
'sample would show an under-estimated index. One method |
lof improving this estimation would be to divide the tubers
into more categories, perhaps taking into account the |
fposition 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 pustules
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

fproduced 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 thoroughly in running water

| to remove any surface contamination. The eyes were then

| removed using a §" diameter cork borer, modified by

 fitting a spring loaded plunger to eject the plug. This

gplunger had a concave end to reduce damage to the tuber

| eye, and it ensured that an approximately equal depth of

fplug’was removed each time. The irregular end of the

' plug was removed with a scalpel. Normally each plug

| carried one eye, but because of the close proximity of

eyes at the rose end of the tuber, plugs from this area

sometimes had two eyes. In this case each individual eye

 was assessed separately.

To maintain a humid atmosphere round each plug,
they were incubated in plastic boxes on damp bletting

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

jsoaked cotton wool was attached inside the 1id of each

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

' to 65°F (15 - 18°C) for seven days in darkness, then

 examined under a dissecting microscope. Each eye was

;classified into one of four categories:

(a) Eye Alive - Oospora pustulans absent
(b) Eye Dead a u " "

(¢) Eye Alive i " " present
(d) Eye Dead - " ! "

The majority of eyes consisted of three buds, and
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§were classed as alive if one or more of the buds present|

{

§sho'ed gsigns of active growth. Oospora pustulans was

| l
;classified as present if conidiophores were visible on, t

'or round the base of, one or more of the buds. In the eése of
}dead eyes the fungus was classed as present if conidio- |
éphores developed on the site of the eye. The fact that

ja dead eye showed growth of Oospora pustulans is not

?conclusive proof that it was this fungus that caused the 4

| !
§damage. However, if no other fungal pathogen was observed,

{

;it was assumed that Oospora pustulans was the most

5likely cause.
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EXPERIMENTAL WORK

EXPERIMENT 1.

Investiggtion into the effeet of various overwinter

' storage conditions on the development of skin spot on

fgptato tubers.

A considerable volume of evidence has been

jaccumulated suggesting that skin spot tends to be more

;serious when tubers are stored under cool, damp conditions.

’With the increasing use of bulk indoor storage and the |
1nstallation,of forced draught ventilation, it is possible

| %o vary the temperature and humidity conditions in the |

%store within quite wide limits. There is also a growing|

2interest in the use of refrigeration equipment to cool

:potate stores with a view to reducing sprouting losses

?during the storage period. Present knowledge of the

apattern 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

Estore. |

; 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 levels, and the subsequent

 surface and eye infection levels assessed the following

| spring.
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éPre-treatment of tubers %

| King Edward potatoes were lifted on 17 October, 1962,
zand seed size tubers riddled out and retained for the |
;experiment. These tubers were washed, and dipped for

;% minute in 1% formalin to remove surface contamination,;
%then laid outonernight to allow the formalin to evaporafe,
Eand inoculated by dipping for # minute in a spore

[
| suspension of Oospora pustulans containing 1.3 x 106

;spores per ml. 10 inoculated tubers were then placed in|
i

| each of 60 small cardboard boxes.

ETreatments

' (a) Temperature

Because of a lack of adequate storage facilities,
%only three temperature conditions could be used, 20

' boxes of tubers being kept at each temperature.

(i) Low temperature

l

To simulate conditions which might be found in|
an artificially cooled store, tubers were stored
throughout the winter in a refrigerated room, the
temperature of which was thermostatically controlled
between 1.5°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, falling 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° to 60°F) at the end of storage.

(iii) Warm conditions

» The third temperature treatment was provided
in a store room in the heated building of the
School of Agriwvulture, where the temperature during
storage averaged 15,0°C (60°F), fluctuating between
12° and 18°C (55° and 65°F).

' (b) Humidity
| Only two humidity conditions were possible at each |

]

| storage temperature:

|
|

(1) Dxy |
10 boxes of tubers were allowed to dry out to
the humidity level obtaining in each store. In no

cage was surface moisture observed on the tubers

during storage.
(ii) Damp

A The remaining 10 boxes of tubers in each store
were soaked in water at the start of the experiment|
and kept damp for the remainder of the storage periﬁd
by regularly spraying the outside of the boxes with|
| water. These tubers would therefore be kept at
| almost 100% relative humidity for the duration of
storage. |

' Regults

All tubers were removed from storage on 29 March,
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1963, and visual examination made to estimate surface and
ﬁye infection due to skin spot. |
T The results are shown in Table 1, and the figures
éhow that both temperature and himidity have a profound j
effect on the development of surface and eye infections.f
&here is no significant difference in the infection |
;evels which developed under the continuous cold and |
Foderate temperature conditions, but both produced much
higher levels of infection than did warm storage. The
@ffect of high humidity was to increase significantly
ﬁnfection levels at the lower temperatures, but there was
%ne significant humidity effect under warm conditions. |

|

These conclusions apply to both surface and eye infections.

% The reasons for the higher infection levels which

|

Edeveloped under cool damp conditions have not been fully

finvestigated, but it is préebable that two factors are

éimportant. Firstly, the fungus Oospora pustulans shows
lactive growth at low temperatures, and will develop even
at 0°C (32°F). High humidity is essential for the
;germination 6f most fungal spores, and there is no reason

'to suppose that Oospora pustulans differs in this respect.

§Secondly, cool conditions will retard the drying-out of
}the tuber periderm and also the rate of suberization,
aallowing easier penetration of the fungus into the inneri
Eperiderm layers. Once such penetration has occurred, low
;temperatures will sloy down the normal reaction of the
Jcork cambium in sealing off the site of fungal penetration,

|thus permitting more extensive damage to occur. It was
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Enoticeable that the lesions which developed at the lower
&emperaturea, apart from being more frequent, tended to
@e larger and rather deeper. This form of lesion has
%previously been observed on tubers stored under similar

cold conditions (Boyd and Lennard, 1962; Todd, 1963).




'EXPERIMENT 2.
iI'nvestigation into the control of skin spot on potato

tuberg by (A) boxing and (B) disinfection and boxing, at|

?intervals after lifting. |

|
|

; As previously mentioned it is now well established

!

that disinfection of tubers immediately on lifting is
Ehighly'effective in controlling skin spot, and that
ghoxing of the tubers will also reduce the incidence of
Sthis disease, both treatments being most effective if
\carried out at lifting time (Greeves and Muskett, 1939;
EFoistar, 1943; Boyd, 195T; 1960).

Unless expensive continuous dipping machines are
;available, disinfection of tubers with organo-mercury
%eompounda demands first of all the manual separation of
Eseed from ware (tp prevent mercury contamination of the
éware), boxing of seed, dipping, draining and subsequent
fstacking of the seed trays. This involves a high labour'
{reqnirement and means that on most farms the work ecould
'not be carried out at lifting time. The alternative
‘would be to store the potatoes in bulk on lifting,
}dressing out and treating the seed later in the autumn_o#
'early winter when more labour is generally available. i
| However, Greeves and Muskett (1939) and Boyd (1960):
%have shown that any such delay in boxing or disinfectiqnf
:re&uces the effectiveness of these treatments. Subseqneﬁt
to Boyd's‘work, the yéars 1961 and 1862 provided conditiéns

leading to severe outbreaks of skin spot which revived
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?intersst in any measure which might give some degree of |
Econtrol. This experiment was therefore designed to
}determine how long after lifting disinfection and/or é
iboxing could be delayed, whilst still providing an
Fffective reduction in skin spot. |
i The experimental work was carried out at Highfield
%arm, near North Berwick, East Lothian, over the two
gstorage seasons 1962 - 63 and 1963 - 64. The stock of
gseed tubers in each year was obtained from fields of

EKing Edward potatoes grown for seed purposes and

?subjected to similar cultural treatments. In both cases |
gthe fields had not carried potatoes for the previous sixf
fyears. Data from the annual survey of skin spot infectiqn
(oyd and Lennard, 1963; 1964) shows that the infectimn |
ilevels on the planted seed was of a very similar order in

‘both years (Table 2).

I
fTABLE 2. Levels of surface and eye infection on planted
| seed, the produce of which was used in |

Experiment 2.

Skin spot infection on planted seed

Growing Surface Infection Eye Infection
eason index index
1962 20.4 58.0
1963 17.0 47.0

The potential inoculum in the soil at the beginning |
of each growing season would thus have been at comparablé

'levels, and the total amount of skin spot which develOped
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|
[
|
|
i
I
|

on the produce by the following spring would thus be

Edependant largely on the conditions to which the tubers
|
iand pathogen were exposed during the growing season and

in storage. y

? The tubers were lifted by elevator digger and the

|
|

lexperimental sample stored till required in a clamp

|
i |
‘containing approximately 30 cwt of tubers. Clamp storage

tends to provide a damp environment suitable for the

ideveloPment 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 of
%wheat straw and earthed up, and there is no reason to |
|

suppose that conditions were very different from those

|
|
|
|

:enccuntered in typical farm clamps.

E On selected dates the clamp was opened and the |
frequired quantity of seed size tubers riddled out into
1six standard chitting 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. The
5dip selected was a readily available proprietary organo- |
%mercury compound (ethoxy ethyl mercuric chloride) used at
}the recommended rate of 1 1b to 20 gal water (450 ppm
fmercury) for a # minute dip. In order to simulate
Econditiona which would probably be encountered on a farm;
fthe tubers were not washed before dipping. After gy

‘treatment all trays were covered with sacks to prevent

lgreening of the tubers. Because of the conflicting data%
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?regarding early lifting of tubers and its effect on
iskin 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 E
‘before the main lifting date and subjected to the same

‘treatments.
[ {
%Treatments

|

See table 3.

!

Visual estimation of the degree of skin spot surface

and eye infection which developed subsequent to each
ftreatment was carried out within a fortnight of the
‘final sampling date in each year (i.e. end of March).

| For the purpose of these estimations, a random
Esample of 33 tubers was taken from two trays and 34
‘tubers from the third tray of each treatment, giving a
itotal of 100 tubers per sample. The size of the aample
was limited because of the time involved in the washing

'of tubers and carrying out the estimations.

‘Results

; Fig. 1 shows the surface and eye infection indices
Ifor skin spot which developed subsequent to each treatment
1n 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 readings obtaineé
for every treatment. Table 4 gives this data in |

1tabu1ar form.



(sfeay eeayy) d1p Ainozew-ousSio ue uT uiwW § Joy peddip pue pexog (g)
(sfexy eaxys) ALTuo pexog (V)

t9J9m YOTUM SI9QN] OIUT POPTATIPANE 8I8M SIUSWIBOI] 9Y) ©€BO YOBO UT - SiUeUWIBOILI-QUS °2

12 " " vor€-Le T2 37d woaxg £9°€°¥T | Tox3u0)
eT " " v9°1°22 . 300 POTIIED 30N L
6 e €9°21°0¢ .« 29°2T'8T| 9
) " " €9°2T 1T 9 n " €9°TT'82 G
_ € " " €9°11°02 € " " 29°11°9 ¥
mw T 31d woxg €9°TT*9 T 314 woxg 29°0T°f2 €
0 »HHMMmeMems €9°8T°0¢ 0 hHHwamMMoms 29°0T°9T g
G- De1ITT PUBH | €9°6°L2 - Pe3JTT PUBH | 29°0T°T T
SUTIITT | SUTIITT
91TV juswleaIy || I233IV rusmWIBAI]
syeap 90anog Ja8qny Jo e8aeq =p T 8oJanog Jeqny Jo eaeq
79 - €961 . €9 - 296T yuemBaIL

Sjuewjeex] °T

*FUTIITT JI93J8 STBAILLUT 1B ¢Sutxoq pu®B UOTIO8JUTSTIP (4) pue Jurxoq (Y) £q sxequay
ozejod uo 30de uUTNES Jo Toxruoo oYl O3UT UOTIBETLSOAUT Oyl UT pesn sjuswiBeI] °¢ gV L



-3
Fig. L  Effect of (&) boxing and (b) disinfection and boxing, &t intervals after
lifting on resulting skin spot infection of King Edward tubers.

Visual examination, 1962 - 63.
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Fig. 2. lffect of (&) boxing and (b) disinfection and boxing, at intervals after
lifting on resulting skin spot infection of King bdward tubers.
Visual examination, 1963 - 64. ‘
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Effect of Boxing Only (Sub-treatment A4)

The results show that boxing tubers without gisin-
fection did give some reduction in skin spot under
;certain conditions, but at no time was it as effective as
ithe corresponding disinfection treatment, with the
'exception of treatment 6 (9 weeks after lifting) in 1962-
;63 when boxing alone gave slightly but not significantly
fless 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 develops is dependent not only on environmental
conditions prior to boxing, but also on the conditions
under which the boxes are then stored. The two principal
factors involved are temperature and humigity. Qospora
pustulans, as previously mentioned, tends to cause more
‘damage at low temperatures (Boyd and Lennard, 1962), and
so the development of skin spot on the boxed tuberm was
studied in relation to the temperature conditions during
‘the storage period.

The site of the experiment was approximately midway
‘between the weather stations at North Berwick and
Haddington, and using data supplied by the Meteoreological
0ffice, the average of the maximum and minimum daily
‘temperature readings at these two stations was calculated
‘for October, November and December, and used as an estimate
of the temperature at Highfield. As the boxed tubers were
Zstored in a shed,'the door of which remained open through-

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

subsequent to béxing were critical for the degree of

' control whieh the 'Boxing' treatment might afford. It

is also considered that humidity conditions, particularly

' in the clamp prior to boxing, would affect the degree of

| econtrol obtained. This is exemplified by the following |

. eonclusions:

' a) Treatments 1, 2, and 3. In the 1962 - 63 season,

boxing of tubers before, at or one week after lifting
gave reasonable control of both surface and eye |
infection, Beducing the surface infectioh index from |
approximately 8.5 (S.I.I. of the control) to approx—?
imately 4.5, and the eye infection index from about |
35.0 (E.I.I. of the control) to 20.0. This can be
accounted for partly by the drier conditions
encountered on boxing, and also by the relatively
mild temperature conditions (the average daily
temperature never fell below 4.5°C (40°F)) prevailing
for a period of at least four weeks after boxing (Fié.S).

' b) Treatments 1, 2, and 3. In the following year,

1963 - 64, tubers boxed 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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Once again this can be explained by the reduced
humidity in the boxes and the relatively warm
conditions encountered after boxing. However, the |
tubers boxed at lifting and one week after lifting i#
this year showed substantially greater degrees of i
infeetion (S.I.I. 7.3 and E.I.I. 62.,5) than similar %
treatments of the preceeding year, reflecting the |
much lower temperature (1.5°C; 35°F) to which they

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

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 relatively low (at or below 4.5°C; 40°F)(Figa. 3
and 4).

Treatments 5 and 6. In 1962 - 63, boxing at © and 9|
weeks after lifting was more effective than boxing |
at three weeks, since these tubers had dried out in
the clamp, and had been insulated from the low air
temperatures of the November cold spell. Despite thé
fact that these tubers were exposed, after boxing, té
the cool conditions of the shed, the disease could |
apparently not develpp extensively because of the
degree of maturation of the tuber periderm which had
occurred in the clamp, making these tubers more

resistant to fungal penetration.

Treatments 5, 6 and 7. Corresponding treatments in
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; the following much wetter year, 1963 - 64 (1nc1udlng|

| the additional boxing treatment at 12 weeks after |
lifting) showed very little reduction in skin spot

é infection compared to the control tubers, presumablyi
| due to the damper conditions observed in the '
* experimental clamp during the later period of storage;
the cold storage conditions after boxing encouraging?

fungal development on the less mature periderm.

J It is noticeable that skin spot infection on the
;untreated tubers stored in the clamp until March (controls)

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

surface infection was slightly greater, and the eye
iinfection.markedly 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 conditions just prior to harvesting in 1963 ard

the damper conditions noted in the storage clamp probably

laccount for the higher levels of infection in this year.

1

It is not known why surface infection did not increase in
iproportionatolyye infection. |
TABLE TABLE 5. Levels of skin spot infection on planted seed and

on harvested crop after storage overwinter in
an outdoor clamp.

Infection on | Rainfall [Resulting infection
Year planted seed flor 26 days | on control tubers

rior to
ScIoIo R plifting Se el E.T.Ts

{1962—63 20.4  58.¢ 0.84 in 8.6 35.0
11963-64 | 17.9 47.0 1.09 in 10.1 67.5
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'Effect of Disinfection and Boxing (Sub-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 ?
Etreatment is carried out before or at the main lifting
\date (Figs. 1 and 23 Table 4). In 1962 - 63 the untreated
fccntrol gample removed from fhe clamp in March had s
ésurface infection index of 8.5, compared with a surface
;infection index of 0.7 for tubers disinfected and boxed |
'at 1ifting, a reduction in infection level of 92%.
iCorresponding figures for 1963 - 64 are 10.1 and'lo9, a
éreduction of 8l1%.
: Eye infection was also greatly reduced in 1962 -63
fby early disinfection (at or before lifting) from an eye;
Einfection index of 35.0 on the controls to 2.5 on those
%dipped at 1lifting, a reduction of 93%. In the following|
gyear, control of eye infection was nbt s0 marked, being
gfrom 67.5 to 21.0, a reduction of 69%.
: It is assumed that disinfection’will effectively
1kill all fungal spores and mycelium resting or germinating
:on the surface of the tuber, and that the mercury ﬁi;
?also penetrate a short distance into the periderm. Any
:skin spot which subsequently developed would therefore ‘
ébe caused by fungal mycelium which had already penetrated
%below the reach of the disinfection. This may account fér

'the rather greater skin and eye infections after the

\dipping treatmenﬁ in 1963, as lifting time was two weeksé
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jlater than in 1962, allowing more time for penetration o#
?the fungus. This is borne out by the fact that the earlj
ilifting and disinfection and disinfection in 1963 - 64,
'five weeks before the main lifting date gave significantiy
less skin spot than the same treatment at the main lifting.
;Why the corresponding early lifting in 1962 -~ 63 did not
likewise reduce infection cannot be explained, unless thé
;drier conditiond of this year had some effect on the raté
fof 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, and
surface infection in 1963 - 64, Eye infection in this |
| second year showed no increase, and this result cannot be
explained. It would seem that the action of 1lifting in
| some way stimulates the fungus to more rapid penetration
2of the tuber, possibly by allowing easier entry through 1
:damage and small abrasions caused by mechanical lifting |
;and subsequent handling., In both years Treatment 6
(9 weeks after 1lifting) was approximately half as effective
'in reducing surface infection when compared with
iTreatment 1 (at 1ifting), and caused no significant
| rednetion ia eye infection ia 1962 - 63, and only slight|
'reduction of eye infection in 1963 - 64 (from E.I.I.
67.5 to 57.0). These figures suggest that the fungus

may penetraté and damage the relatively unprotected eye f



where there occurs a much thicker and more definite layex

of suberised cells.

IS, IO

‘tissues more readily than it penetrates the periderm,
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ﬁEffect of (A) boxing and (B) disinfection and boxing, at|

|

|intervals after lifting: ‘estimation pf eye infection

by microscopic examination.

Immediately after visual examination of skin apot
fhad been carried out for this experiment, the three
Esamples were bulked and a random sample of 20 tubers
Eremoved. These tubers were rinsed in running water and |

|

;the eyes excised and incubated for miecroscopic examinatibn
?as previously described. This method of eye examination|
‘has the advantage that it gives an indicatfmm of the
'number of eyes, alive or dead, carrying viable Qospora
'pustulans at time of planting (i.e. after storage through-
:put the winter). '

Figs. 5 and 6, and Table 6 show the percentage of
;dead and alive eyes, with and without the fungus present,
i Comparison with Figs. 1 and 2, and Table 4 shows
gthat both methods of eye estimation reveal very similar
fpatterns with regard to the total number of eyes killed
iby 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:

In estimating the eye infection index there would
itherefore seem to be no advantage in using the longer
' and more complicated technigue of excising the eyes and

f
 examining microscopically, except possibly with very

|
|
|

i
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s&ffect of (&) boxing and (b) disinfection and boxing, at intervals alter
1lifting on subsequent skin spot eye infection.
Microscopic examination, 196< - 63.
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TABLE 6. Effect of (A) boxing and (B) disinfection and

} boxing, at intervals after lifting on subseqguent

i eye infection by skin spot. Microscopic examination.

, |

|
|

|
Treatment | Time of Percentage of Eyes !
: ~ [Treatment ;
1962 - 63 [iks.after Eyes Alive Eyes Dead
Lifting j
, Fungus® Fungus* | Fungus*|Fungus*
Absent | Present Absent Present
(A) Boxing -2 79 g g 0 |
0 79 9 2 g
1 62 10 5 23 ;‘
3 49 11 B 39 |
6 61 14 2 <
% 9 76 1 15 |
Control 66 3 2%
(B) Disin- -2 94 2 2 i
fection
& Boxing 0 94 1 1
1 84 0 13 3
3 19 2 12 1
6 y i 2 22 2
9 18 B 19 2
Control 66 6 3 25

* - Fungus = Qospora pustulans

|
1
|
f
!
|
iAll figures to nearest 1%.
e ~

{
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:TABLE 6. Effect of (A) boxing and (B) disinfection and |
?ZCont.) boxing, at intervals after lifting on subsequent

eye infection by skin spot. Microscopic examination.

| Treatment | Time of Percentage of Eyes
f Treatment
11963 - 64 |Wks.after Eyes Alive Eyes Dead
s Lifting |
Fungus*| Fungus* | Fungus*|Fungus¥*
; Absent |[Present | Absent |Present
(4) Boxing| -5 45 42 3 10
0 14 42 5 40
| 1 23 28 8 41 |
3 16 32 11 42 |
| 6 14 38 3 46 |
| 9 12 30 ( 51|
i
| 12 17 25 10 48
[ |
} Control 9 E s - 53
‘
' (B) Disin- -5 81 10 6 2
| .. fection
' & Boxing 0 80 6 11 3
} X T3 7 13 T
| 3 70 15 9 3
‘ 6 48 12 30 10
9 54 6 32 -
12 51 4 43
Control 9 31 i 53

|
| * Fungus = Qosgpora pustulans

' A11 figures shown to nearest 1%.
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iis, however, of particular use in determining the presenge

|
low levels of skin spot infection. Microscopic examination

Eor absence of sporulating Oospora pustulans on the eye
|

|
gtissues.

Figs. 7 and 8 use the same data to illusirate the

effect of treatments on the survival of the fungus, and

shows the total percentage eyes with viable Oospora

pustulang against the total percentage of eyes without
1fungal growth. It can be seen that dipping tubers up to

9 weeks after lifting in 1962 = 63 was very effective 1n
icontrolling the fungus, or at least inhibiting its
iability to sporulate, samples from all dipping treatments
paving less than 10% of the eyes with viable Oospora |
ipustulans present at the end of the storage period,
compared with figures of between 19% and 45% for the
‘correspondlng boxing treatments (Fig. Ts Table Gls It
thns seems possible that delayed disinfection, although
gnot very effective in controlling skin spot symptoms on
ithe tubers, may nevertheless considerably reduce the
%amouni of fungus prement on the tubers which would other-
%wise be added to the soil in the following year.

i This is substantiated by the figures for 1963 - 64, |
:when there was considerably more inoculum present on.the?
harvested tubers, the'boxing only' treatment showing 50%

to 83% of the eyes carrying Oospora;pustulans, whereas

‘disinfected tubers had only 6% to 21% of their eyes
infected (Fig. 8; Table 6). ' |

It will be noted that in both years delaying
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Fig-7 . Effect of (a) boxing and (b) disinfection and boxing, at intervals after
1ifting on the presence of Ogsporas pustulans on tuber eye tissue.
Microscopic examination, 1962 - 63.

(A) Boxing

60 1

20 1

-2 0 1 3 6 9 Control

(B) Disinfection and Boxing

100 A

Byes

80 A1

60 1

40

20 4
V4

Z
0 1 3 6 9 Control
Time of Treatment - Weeks After Lifting

NN

Eyes Alive, Oospora pustulans absent

L) Dead - " " "

- Ryes Alive, Oospora pustulans present

BEQ0

X " Dead, " " "



Fig. 8.

(A) Boxing

60

40

20

-3

-50-

Bffect of (&) boxing end (b) disinfection &nd boxing, atl intervals after
1lifting on the presence of Qospora pustulans on tuber eye tissue.
Microscopic examination, 1963 - 64.

[e7 A 7

3 6 9 12 Control

(B) Disinfection and Boxing

100
% Byes
80

60

20

iy

Time of Trestuwent - Weeks After Lifting

Eyes Alive, Oosporz pustulans absent

. n Dead y 1 1" "

- KEyes Alive, Oospora pustulans present

- " Dead . " " "
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disinfection until 9 weeks after lifting resulted in a |
‘ J

gradually increasing percentage of eyes found to be

dead without Oospora pustulans present, when examined ing
March; from 4% to 18 in 1962 -,63 and from 10% to 33% |
in 1963 - 64 (Figs. 7 and 8). This would indiéate thét
the fungus became active in the bud tissues at, or i

'shortly after, lifting time (disinfection before lifting

'had negligible effect on the number of dead eyes),

ggradually killing an increasgng number of the eyes. Theé
’organoqmercury dip effectively controlled the fungus, |
ibu:b in the later treatments much of the damage to the ey%

1

tissues must have already been done.




|
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Progressive development of Oo§pora pustulans infection on

tuber eyes during clamp storage.

In 1963 - 64 further microscopic eye examinations

were made on tubers removed from the storage clamp at thé
times of the boxing and disinfection treatments, and
thereafter at three-weekly intervals until March when thé
'experiment terminated. These estimations were carried out
immediately the gample had been taken, not as in the case

of the other eye examinations which were done in March

fwhen all skin spot symptoms had fully developed. The
,purpose of these examinations was to give some indlcatlod
Eof the progressive development of the fungus during the geriod
:of clamp storage. The results are shown in Fig. 9 and |
Table 7. The most noticeable feature is the steady
Zincrease in the percentage of dead eyes showing QOospora

E ustulans, from 5% at 6 weeks after lifting to 55% at |
%18 and 21 weeks after lifting. This supporta the>eviden&e
?obtained from the eye examination of the dipped tubers,
isuggesting that the fungus gradually kills an increasing |
gnnmber of eyes throughout the storage period, assuming |
ithat the store conditions are suitable for active fungal}
égrowth.

: At each sampling date there was a small percentage
(1 - 12%) of dead eyes which showed no sporulating

I@ospora pustulans, In some cases this was due to

mechanlcal demage to the buds or to blight (Phxtoghthora
infestans), but in the remainder no fungal or other

|
|
|
|
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Fig. 9. Progressive development of Oospora pustulans infection on tuber eyes
during pit storage.
Microscopic examination, 1963 - 64.
7 Byes
100
80 7

0 1 3 6 9 12 15 18
Time of Examination - Weeks Afler Lifting

- Eyes Alive, Oospora pustulans absent

- Zyes Dead, e " "

Kyes Alive, Oospora pustulans present

i

- Byes Dead, # " 2
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TABLE 7. Progressive development of Qospora pustulans

infection on tuber eyes during clamp storage.
Microscopic examination, 1963 - 64.

Time of Examination
(Weeks after

Percentage of Eyes

* Fungus =

Qospora pustulans

A1l figures to nearest 1%.

lifting) Eyes Alive Eyes Dead
Fungus*| Fungus* | Fungus* |Fungus*
Absent |Present | Absent |Present
0 39 54 X 5
1 34 5T 3 B
3 38 45 8 9
6 37 45 12 6
9 24 36 10 29
12 20 41 3 36
15 13 3% ) 46 é
18 19 e G wo
23 9 o T 53 E
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pathogen could be detected. It is possible that death
have been due to physiological causes or to the |

presence of a fungus which did not sporulate. Inneither

case, however, was the number of eyes in this category |

large enough to affect the general trend of the results., |
With the increase in the number of dead eyes through-

out the season there was a corresponding decrease in the |

number of live eyes. A decrease in the percentage of live

eyes showing Oospora pustulans is to be expected as these eyes

| ‘
were gradually killed by the fungus. It was also noted,
&owever, that the percentage of 1ive eyes without

Oospora pustulans also dropped during the storage period.
|

|
I
|

generally believed that QOospora pustulans does not spread

The reason for this is difficult to explain, since it is |

ﬁn.storaga, tubers becoming relatively resistant to the
1
@isease after the initial few weeks of storage.

The presence of conidia of Oospora pustulans in the air

i
i
pf a potato store has been reported from the U.S.S.R.
|

i

@romote infection of tubers in the store. It would also

(Kharkova, 1961(a)), and it was claimed that this would

%ppear from the current investigation that an increase
Fn,infection did occur during storage under the very
hamp conditions found in the clamp at Highfield during
h963 - 64, thig high humidity being essential for the
?roduction of aerial conidia of the fungus. This might
éccount for the much higher incidence of eye infection
in the second seéson, 1963 - 64, compared with the

1962 ~ 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 prOportioﬁ
of the live eyes examined early in the storage period |
may have been infected, but did not produce serial

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

the 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 the
_1eve1 of skin spot which developed, tubers from the
1962 - 63 Highfield experiment were planted out in an
experimental plot at Bush Estate, Midlothian. Because of
'the limited space available only nine of the thirteen

treatments were used, as shown in Table 8.

ETABLE 8. Treatments from boxing and disinfection experiment
, used to obtain data on yield and skin spot

? development on subsegquent crop.
I
Y
|
!

Treatment Time of Treatment |

Boxed .
Disinfected and Boxed at lifting
Boxed
Disinfected and Boxed

1l week after
lifting

S VS’ - SN

oo £ WWw NN
wWe W W W

Boxed 3 weeks after
Disinfected and Boxed lifting
Boxed g 9 weeks after
Disinfected and Boxed lifting
Control Tubers remained in pit overwinter

All treatments were randomised in each of 4 replicates,

|

‘each treatment replicate consisted of a 14 ft length of

drill, in which were planted 15 tubers.
l

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 Jﬁne.

|
|
|

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

Esum.of 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 |
éfor each treatment planted, and the total number of tubers
which emerged (out of a possible total of 4 x 15 = 60) is
shown 1in Table 9. |

i These figures show that there was insufficient
iinfectien on any of the treatments to affect markedly the
Erate of emergence or the final number of emerged plants, |
;although the tendency was for the control and later |

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

|
|

and lower final plant stand than the disinfection at

flifting treatment (2 A). The intermediate treatments

éproduced rather erratic results and no definite trend

§can be established.

b) Yiela
| | %he orep was 1ifted ea 11 October, 1962, and ths
ztotal produce from each treatment replicate weighed and 1
%placed in net bags which were then stored during the

|
winter in an outside clamp in order to allow skin spot

i
%symptoms to develop.
i The results, shown in Table 9, are not significant

'at the 1% level, and although there are significant



|
i
|

?

|

differences at the 5% level, no general trend is obvious}
u

w60~

|

nder these conditiohg 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 control

xmeasures equally effective, the resulting increase in

;the spread of infection levels would have been reflected

'in the emergence and yield figures.

!

|
|

'¢) Skin spot development on subseguent crop

i
,

| stored overwinter in an outside clamp, and estimations

The produce from the 1963 growing season was

| of skin spot infection which developed made in April,

11964, These results are summarised in Table 10, and

‘may be outlined as follows:

%a) Compared with the control, all treatments significantly

reduced eye infection indices on the subsequent crop.'

;b) All disinfection treatments (B) gave significantly

lower eye and surface infection ihdices%han thte

control.

'e) With the boxing treatment (A), only that carried out f

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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~62- |

!

and eye infection than the boxing only treatment (4). |

From these results it can be seen that the effect é
of treatments which reduce the incidence of skin spot
on tubers will be reflected in the levels of infeetion |
which develop on the crops grown from these tubers,
presumably because of the reduction in the amount of |

potential fungal inoculum which is available for stolon

'and tuber infection.
Caleulation of correlation coefficients (r) from ‘

the data in Table 10 shows that: |

a) Surface infection index on planted seed was significaptly
| correlated with surface infection index on harvested |
i tubers -

r =+ 0,724, P <L 0.05 (n=5)

b) Eye infection index on planted seed was NOT
significantly correlated with eye infection index on

harvested tubers -

r =+ 0.598

¢) Surface infection index on planted seed was
gsignificantly correlated with eye infection index on

i harvested tubers -

r=%0:757T, P<0.05 (n=5)

These results suggest that surface infection
 supplies the greater part of the fungal inoculum to the
 soil at the infection levels found in this experiment,

| and that the potential surface and eye infection on the



' have increased the totai number of>eomparable figures |

I
-63- |
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

i
|
i
|
|

experiment had been retained and grown on separately to%

provide values for the 'carry-over' infection, it would |

|

from 9 to 27, and given a more accurate estimate of the;

correlation coefficient.
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EmrEBIMENT 3(4) 3
f |

Investigation into the effect of disinfection at planting|
&ime of skin spot infected tubers on the emergencelgyield%
I |

hnd infection levels on the subsequent crop.

|

!

| The methods of controlling skin spot disease which
%ave been described in the previous two experiments,
&here the emphasis has been on treatment as soon as
icssible after lifting, are inapplicable for the farmer |
%who receives a badly infected stock of seed tubers in the
éspring for planting that year. |
| Tt has been shown that 'slight' infection of seed
;tubers will delay emergence,'whilstf'severe' infection
ﬁay, in addition, cause considerable“blanking with
?subseqnent reduction in yield, and an increase in the
%pr0portion of ware tubers (Boyd and Lennard, 1961(a)). _
iDisinfectien,of infected seed tubers at planting time has
%been shown to reduce these effects, but it is very much |
?less effective than disinfeetion at lifting time (Greeves
and Muskett, 1939).

: To investigate the effect of an organo-mercury dip
?at planting on the emergence, yield and skin spot
%develoPment of a potato crop, an experiment was carried

lout at Bush Estate during the season 1963 - 64, with

?tha following tuber categories and treatments:
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Tuber Categories:

Free - tubers completely free from skin spot,
by visual examination.

Moderate - tubers with 'moderate' surface infection;
Because of the shortage of tubers in thié
year with high levels of skin spot infection,

no account was taken of eye infection,

and tubers with both 'all eyes' and
'some eyes' infected were planﬁed at

|
|
1 random.
|
|

Treatments:

I

1 (1) - tubers untreated.

; (2) - +tubers dipped for # min in an organo-

mercury solution two days before planting.
| |

E The four treatment categories were randomised w1thin
each.mf four replicates, each treatment replicate
consisting of a 12 £t length of drill in which were
planted 12 tubers. Date of planting was 30 May, 1963.

%esnlts
') Emergence

Emergence counts were taken weekly from 28 June to
6 July, and the average number of days from planting to

final emergence calculated for each treatment replicate.P

e - Gk s

Ft was considered that plants which emerged after 26 July(
Fould, from a praectical standpoint, be regarded as blanks

% 1

l
|
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Fince they remain very small and would make no

contribution to the final yield. ?

IABLE 11. Effect of disinfection at planting on the t
number of plants emerged at two dates after 5
)

planting.
Infection on Treatment at Number of tubers emer eh
planted tubers planting (maximum possible = 4%)
E 28 June 26 July
i Free None 35 (73%) 48 (loo%b
i Eree Disinfected 38 (79%) 48 (100%)
I Moderate None 6 (12%) 30 (62%*
E Moderate Disinfected 0 26 (54%)

|
ABLE 12. Average number of days to emergence for tubers

free from skin spot and with 'moderate' surface
infection, both untreated and disinfected at ]
planting.

|
|
|

nfection on

S - e R

planted tubers: Free Moderate
L.S.D.
reatment at Digin- Disin- 1%
planting: None fect2d None fected ‘
kverage number of , ;
days to emergence: 29.4 28,0 38.1 41.4 B.8 |
| |
| 2847 39.8 4,26

None = 33,8  Disinfected = 34.7 N.S. l

Tables 11 and 12 show that the disinfection T

|
treatment did not significantly affect the rate of emerg-|

; I

ence or the final plant atand of either infection category,
l

but the moderately infected tubers, as would be expected%

showed considerably slower emergence and lower final *




oG

1
1
!
plant count, this being due to the presence of infected i
eyes slowing, and in some cases completely preventing, %

sprout growth.
b) Yield |

All tubers were lifted on 11 October and the total

yield from each treatment replicate determinesg.

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

Infection on
planted tubers: Free Moderate

o0 O PO
Treatment at Disin~ Digin~ ;
planting: None fected None fected 1% *

|

Average yield per
replicate (1b): 12.6 13.8 5.4 4.4 N.S.

13,2 4.9 3435
None = 9.,0; Disinfected = 9.1 N.8.

|

in Table 13, reflects closely the data for rate of emergénce,
! %
the disinfection treatment having no significant effect, |

hut the moderately infacted tubers producing a much

; The total yield of tubers per replicate, as shown
|

%
ﬁower yield than tubers free from skin spot at planting.§
| i

|
|

k) Infection on harvested crop

|

g After 1ifting and weighing, the tubers from each |
%reatment replicate were placed in net bags and stored |
overwinter in an outdoor clamp to allow skin spot symptods

to develop. Visual estimation of surface and eye infectﬂon
!
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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

|
|

|
1
|
|
|
|
|
5
|
|

(B) Eye Infection

Infection on
| planted tubers: Free Moderate

| LuS.D.
Treatment at Disin- Disin~ <o @ &«
s 7

? planting: None fected None fected 1B 2R

bye Infection

|
l
!

5:0 I7:1 1245 Tud
None = 15.4; Disinfected = 6.7 1203 8.4

|
|

|
3
t
; Figures for Surface and Eye Infection Indices are
i

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

4
|
i (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 significantly the degree of eye infecti

planted tubers: Free Moderate
L.S.D.
Treatment at Disin- Disin- % 5% |
i planting: None fected None fected o 3
zSurface Infection %
Index: 0.75 Q.51 3433 i 20 N.S. |
0.63 2,32 1.69 1.18 |

None = 2.04; Disinfected = 0.91;1.69 1.18 |

Index: 5.0 5.0 25.9 84l 37,1 11.9;

on



i) |
on the produce from 'moderate' seed, but there wasi
no reduction of eye infection on produce from |
'free' seed, which was of a low order in any case.é

(iii)Disinfection at planting did not significantly

reduce surface infection on either ‘'moderate' or

5
|
i
|
'free' seed, but there did appear to be a trend in |
. 1
this direction, the results being almost significant

i

| :
| at the 5% level.

|

In this experiment the effect of disinfection at
planting time was thus confined to reducing infection
aevels on the produce, particularly the degree of eye
infection. There was no effect on the emergence rate or
yield of tubers. The action of the organo-mercury dip |
is probably to reduce sporulation 6f the fungus from the
pustules on the seed tuber when it is planted in damp
80il 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

i
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-mercury two days before plantiné,

pay show a small percentage of eyes which produce activeﬂy
i |

sporulating Oospora pustulans when planted. i

|
|
|
|
1
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|

EXPERIMENT 3(B)

1
Investigation into the effect of planting skin spot f

infected tubers at two different dates on the emergence, |
|

@ield and infection levels of the subsequent crop. E
i |
l |
g Unpublished work by Boyd has indicated that delaylng

‘the date of planting infected seed tubers may reduce the§

Planklng in the subsequent crop and increase the rate of1
%mergenee. To investigate the effect of later ! ganting

zof skin spot infected tubers on the emergence, yield and%
@kin spot development of the subseguent crop, a plot |

Experiment was laid down at Bush Estate during the é
l {

1963 - 64 season. The following tuber categories and

treatments were used:
|

Tuber Categories:

(a) Free - tubers completely free from skin spot by
% visual estlmatlon.

kb) Slight -  tubers with 'slight' surface infection
(e) Moderate - tubers with ;moderafe' surface infection

(d) Severe -  tubers with 'severe' surface infection.

As in Experiment 3(A), a shortage of moderately and?
severely infected tubers meant that no account could be |
Faken of eye infection, and tubers with both 'all' and 1
'some' eyes infected were planted at random. vTubérs wit@
;slight' surface infection had both 'some' and 'none' of%

|

|

the eyes infected, as would be found in a field sample. §
|




s

Treatments:

(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
obvious sprouting, although growth could just be detected

using a hand lens., Tubers for the second planting were
stored from 10 Mey till required at room temperature
(15.5°C; 60°F) in chitting trays exposed to daylight.
At planting, the 'free' and 'slight' tubers carried %

sprouts averaging &" in lengfh, the 'moderate' tubers

!
1 t
showed sprout growth of about %", and the 'severe' tubers
showed little sign of sprouting; although there were a
few sprouts about 3" long. z
The eight treatments were randomised within each‘of;
four replicates, each treatment replicate consisting of ;

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

l
» )
Results ‘

a) Emergence

Emergence counts were taken at weekly intervals

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

to emergénce calculated for each treatment replicate.
Table 15 shows that both the time of planting and

the degree of infectibn had a significant effect on the

was no significant difference in the emergence rates of

|
!
l
%
|
1
|
average number 0f days from planting to emergence. Theré
|
|
1
the moderately and severely infected tubers, but both }

I
|
|
\



g6 66°¢ c°ge = 93BT ‘g°9y = Lrxeqy

B¥°t  &lL°¥ 9*2cy c°cy 9°¥t ¢ ot

€6°y TL°9 T°Lf T'g¥ 9°2Ff E°IG 6°T2 2°L¥ Q°02 G°6f ‘:eousFxeme o3 sLEp
JOo Jsqunu 85BISAY

4 #T 1Bl ATaeg o3BT Lraey e3eT ALraegy e3®T LATaexm :Sutruetd Jo awTg
3 OQQWQ_H

aI9A88 93BI8P O 1UYSTITS CER Y :sxequy pasueTd
U0 WOTI09JUT

*S918D JUSISIITP om3 uo pejueTd ‘uworzoesgur 3ods
UTYE JO S99138p SNOTIBA YITM SIdqN) J0F sousSrswe 03 SABP JOo Jequnu 3FBIoAY °GT TTAVL




showed a significantly slower emergence rate than the

| 'elight' tubers. The slightly infected tubers took an

average of 4.4 days longer to emerge than the 'free’

l /
itubers, a difference just not significant at the 5%
%level. As in experiment 3(A) these figures reflect the |
finereased percentage of infected eyes on the more

&
| geverely infected tubers compared with the 'slight' and

|
|
H

%'free' tubers.

|

|
|
|
n
l
E
i
|
1
L Within each of the four infection categories it will
'be noted that the early planted tubers tock, on average,‘
‘18 days longer from planting to emergence than did the
1
!later tubers, planted after an interval of 20 days. |
iWeather conditions during this interval were noticeably !

I
' eool and damp, and these conditions encountered by the

|

early planted tubers, whilst unsuitable for sprout

growth, would seem idegl for the growth and sporulation

|
iof the QOospora pustulans present on infected eyes, and
%it might be expected that this planting would show a
1hlgher percentage of blanking in the final crop. |
§ Table 16 shows the number of plants which had x
emerged at two dates after planting. As in experiment
' 3(4), plants which emerged after 26 July were regarded
| ag blanksg. Contrary to expectations, these figures é
show that 'severe' and 'moderate' tubers of the late |
planting resulted in considerably more blanking (50% and
87% respectively) than the corresponding categoﬁies/of

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

{the random sampling of tubers for each planting date, a




T 4
higher proportion of tubers with all eyes infected was

3
|
5
%
!
|
used for the later planting. No data on the level of l

eye infection was taken at planting time and it is diffiﬁult
to suggest any alternative reason for this apparent ?
z !
lanomaly. 1
|

TABLE 16. Effect of delayed planting of tubers infected
with skin spot on the number of plants emerged*
on two dates after planting.

Infection on Time of Number of tubers emerged |
planted tubers planting (maximum possible = 60) i
21 June 26 July 3
Free Early 46 (77%) 60 (166%)
Slight Barly 22 (37%) 57 (95%)%
Moderate Early 8 (13%) 40 (67%);
Severe Early 1 {2%) 32 (53%)§
Free Late 40 (67%) 59 (98%)
Slight Late 40 (674) 55 (92%) |
Moderate Late 2 (3%) 30 (50%)2
Severe Late 0 | 8 (13%)2

b) Tield

A11 tubers were lifted on 11 October and the total

yield from each treatment replicate noted. The results |
are shown in Table 17. As the tubers from both plantingi
;dates emerged at approximgtely 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 differenées in jield, nor did the time of

' planting have any effect on the yield in the case of

%these two categories. 'Severe' infection significantly

|

| lowered yield compared with 'méderate' infection, which |

'in turn showed a significantly lower yield than that froh
‘ |

1
Eboth 'slight' and 'free' tubers. Within the 'moderate’

iand 'severe' categories, yields from the later planting
|

were significantly lower than those from the early

' planting. l
T

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 viece versa.

¢) Infection on Harvested Crop i

|
|
i
;
! After lifting, tubers from each treatment replicat%
iwere placed in net bags and stored overwinter in an
1outdoor clamp to allow skin spot 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 pericd the net bags used to separate the sampleg
rotted badly, and a proportion of the tubers from each !

‘sample was lost. As the total produce from the severelﬂ

infected tubers was already very limited, this loss
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; i |
@uring 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 f

infection present on the planted seed, the produce from

the 'free' tubers showing significantly less surface and |

%ye infection than the produce from the 'moderate’ or
Psllght' seed. Surface infection on the 'slight' pro&uc§
has significantly greater than that from the 'moderate'
proP, although eye infection was not significantly
ﬁifferent. No reason for this can be suggested.

' 5 Early and late planting gave no significant difference
nn infection levels on the produce, and although a slighﬂ
Frend towards lower infection after late planting of ;
rfree' and 'moderate' seed im noticeable, it is not
%ufficient for any cenclusions to be drawn from this

|
experiment.




DISCUSSION

;

It has been known for many years that environmentali

%conditions during the storage period can influence the |
%amount of skin spot infection on potato tubers which ;
ideveloPs by the following spring; Gussow (1918), althougﬁ
%considering that no fungal pathogen was present, noting

%that the disease always occurred on tubers stored in

|
1
ibadly ventilated (and presumably damp) cellars.

Comparison by Greeves and Muskett (1939) and Boyd

§(1957) of clamp storage, where conditions are normally
|
idamp at least for the first few weeks, and box storage

where the tubers dry off rapidly, showed that the drier |

ienvironment of the boxes allowed much less skin spot to
|

'develop. These results were confirmed in further work |

|
by Boyd (1960), who also noted that tubers boxed and
\

|

'stored at low temperatures developed more skin spot than |
i

ithose kept in warmer conditions. This effect of temperaﬁure

|

%was also noted by Nagdy (1962), although in some cases

his results were not statistically significant. |
! i
i A survey of the annual incidence of skin spot over |
| |
'the years 1927 to 1960 revealed that above average rain-

fall during the 1ifting period (leading to damp storage

|
éconditions), and below average temperature during the
:

‘beginning of storage, shows a close relationship with
i

i
|
iabove normal incidence of skin spot in the following yeaﬁ
‘ |
(Boyd and Lennard, 1962). |

Such observations have led to the generally accepted
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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 Qospora pustulans in an attempt to

\provide a standard potential inoculum. The results

{obtained confirm the observations of previous workers.
l

th was noticeable, however, that tubers stored under

|

imoderate temperature conditions (12.5°C (55°F) at the
ibeginning of storage, falling to about 4.0°C (40°F}
during the winter, rising again to some 10°¢ (50 F) at
'the end of storage), developed no less skin spot 1nfect19n
|than those stored under continuous low temperature (1.5 G
§3b°F). In the moderate temperature store, the temperatu#e
;did not fall below 7°C (45°F) until mid-November (one

lmonth after lifting), and this suggests that the temp- |
( k
 erature after this time could still affect the final

{

| infection, or the initial warm period would have reduced?

Einfection levels below that found after continuous cold ?
lstorage. |
E The influence of humidity and temperature on the

’host/para31te relationship is not yet fully understood.
Low temperatures appearjgermit active growth of the %
Ifungus and also reduce the ability of the host to reslst
penetration, although which factor is the more 1mportant

is not known. Similarly, the effect of humidity is by
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)
no means fully understood. |

It is obvious, however, that warm storage conditio%s
1(15.500; 60°F) will very markedly reduce the damage 2
caused by skin spot, humidity having little effect at 5
%this temperature. It should be noted that as no conxroli

el
was possible over the levels of relative humidity in 3
each store, the relative humidity of the 'dry' tubers %
under the warm conditions would be lower than that found|

|
Einveither the moderate or cold stores. Under continuous|

lcold conditions (1.5°C; 36°F), humidity becomes an |

|

i o
{important factor, and if it can be kept to a2 minimum

| | |
'(e.g. by ventilation of bulk stores), the effect of the |
{ |

|

Elow temperature in promoting skin spot development is

'much reduced. Moderate temperature showed no better

control than the continuous cold in the 1962 - 63 seasonﬁ
but it should be remembered that the winter of this year?
was very severe, and it is possible that in a more

|

|

|

2

| 'normal' season the temperature would have been rather é
|

|

higher, and the incidence of skin spot correspondingly

!

ireduced. ;
|

| It would have been of interest to have obtained

Efigures for the minimum temperature and maximum relative|
|

{

1

humidity during storage necessary to provide a reasonabls

\ l
idegree of control of skin spot dewvelopment. Unfortunate}y

lthe ranges used in this experiment were not sufficiently%

numerous or closely defined to allow this to be done with

accuracy, but the critical temperature would appear to |

|
|

be somewhere in the range £.5° to 10%¢ (40° to 50°F).

|
|
|
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The boxing treatments carried out in Experiment 2

ceonfirmed that removal of tubers to a dry environment
bithin 3 weeks of lifting may substantially reduce skin
$spct, provided the temperature remains relatively warm
ffor a period of at least the first 4 weeks of box g
?storage. Delaying boxing until 6 or more weeks after ;
éliftinggave relatively little control of the disecase 1
é(as found by Boyad (1960)), and it ﬁould seem that under |
éfarm condithons 'boxing oply' as a control for skin spoté
;is unlikely to give satisfactory results unless carried
%out within 2 to 3 weeks of lifting, and the boxes .
Esubsequently stored in conditions where the temperature
iwill not fall to low levels. Again, it is not possible %
Eto put an accurate figure on the critical temperature,

gbut from Figs. 3 and 4 (pages 36 and 37) it would seem

%to be nearer 4.5°C (40°F) than 10°C (50°F).

z Boxing relies for ifs control effect on the provisidn
iof an environment least suited to further fungal penetratlcn
Za.nd development. Disinfection kills spores or mycelium

gon or near the surface of the tuber, any subsequent skin
;spot which develops arising from mycelium already
Eenetrated into the tuber periderm. Greeves and Muskett
(1939), Foister (1943), and Boyd (1957; 1960) have shown[
~that disinfection at lifting time is the most effective j
,eontrol measure for skin gpot. In addition, Greeves andé
EMuskett (1939) showed that disinfection at 2 and 4 weeks

{after lifting was almost as effective ag this treatment §

!at lifting, but that disinfection 8 and 16 weeks after

s
|
i
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1ifting gave progressively less control, although even

|
l
i
|
\
|

the 'l6 week' treatment gave a measurable reduction when

compared with untreated tubers. However Boyd (1960) |
disinfecting tubers 6 weeks after lifting found a very i
Emuch reduced control, while disinfection at 11 weeks f
gave no reduction in skin spot of any practical value. %

The periodic disinfection in Experiment 2 confirmed |

l

|
|

| s
'as a control for skin spot. A delay of only 1 week with|
1 5

'the effectiveness of organo-mercury dips at lifting time

this treatment gave rise to a noticeable increase in

iinfection, and a delay of 6 weeks reduced the effectivenéss
Eto a level unlikely to be of practical use. These figurés
| |
!tend to support the work of Boyd (1960) rather than thati
of Greeves and Muskett (1939), although the degree of %

control obtained by later dipping must depend to some ;

] !
textent on the storage conditions between lifting time anq

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 disinfection at the main lifting - the

I
}rapid increase in infection caused by a delay of 1 week

lafter lifting indicates that the act of harvesting must

|
|
|

'in some way stimulate penetration of the fungus, possiblj

|

ithrough damage to the tuber skin at lifting. The early

|
1ifted tubers which were boxed only showed no reduction %
|
in skin spot compared with tubers boxed at the main

lifting in 1962 - 63, whereas the control by early hoxiné

in 1963 - 64 was very marked. This effect was almost
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certainly one of temperature, warm conditions preVEiling!
after both early liftings and after the main lifting in ‘
1962 - 63, but cooler conditions after the main lifting

in 1963 - 64. It is thus possible for early lifting to

§
|
1
|
!
|
|
}

\reduce skin spot infection (as suggested by Boyd, (1957)?1

ibut its effectiveness is probably more dependent on

subgsequent storage conditions than on the actual time off

lifting. !

|

The use of a technique first described by Salt i

(1957) involving the removal and incubation of tuber eye?

to show the percentage infection with OCospora pustulans,i

i
'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 thig time is certain to be less effective in controi-

ling at least eye infection, than treatments at lifting.f

It was also noted that over the complete period of clamp?

storage, there was an increase of some 20% in the total

!
|
Jnumber of eyes which showed the presence of Oospora

gpustulans. This may reflect a spread of the fungus in |
ithe very damp conditions of the experimental clamp in i
!1963 - 64, but further work would be necessary to confir@
lthis. Undoubtedly the conditions in most clamps and all'
' bulk stores would be considerably drier than those of thé
experimental clamp, and in practice the spread of Qospor

pustulang, if it occurs, is probably uncommon, although

spread in storage was also recorded in U.S.S.R. by
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Kharkova (1961(a)).

A comparison of visual estimation of eye infection

index (percentage of eyes killed by skin spot) and
LicroscoPic examinagtion of tuber eyes, showed a very clos?
relationship ,and it is considered that the former more
rapid method is guite adequate for egtimating the number %
of eyes killed by skin spot.

|
In the course of using the excised eye technique,

fungi other than Qospora pustulans were noted round the
i ‘
eye tissues, and it may be that this method of eye exam-

»
9
|
|
|
|
4
|
|
:
4
i

ination would be useful for indicating the presence of
pathogenic or other fungi. Fungi noted include:

Rhizoctonia solani Kuhn or Corticium solani (Prill. &

Delacr ) Bourd., & Galz.; Helminthosporium atrovirens

(Harz) Mason & Hughes; Verticillium sp.; and various

saprophytic moulds. |
Planting out of tubers froqﬂhe various boxing and

;disinfection treatments showed no significant differences%

in emergence rates or final yields, as the differences in{
infection levels were too restricted. Storage of the croﬁ
until the following year, however, revealed that the 1nfect10n
which developed was correlated with the surface 1nfect10n,

on the planted tubers, the effect of the control measures)
‘carried-over' to the following crop. This agrees with
fhe findings of Boyd and Lennard (1961(a)) who noted that

‘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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kn the planted seed supplies the bulk of the fungal g
hnoculum.which causes infection on the new crop. g

l This is supported by results obtained from Experimen
E(B), where the 'moderate' and 'slight' seed gave significant-
ﬁy more surface and eye infectién on the subsequent crop |
%han did the 'free' seed. Admittedly the 'slight' seed
gave more subsequent surface infection than the 'moderate
;

seed, but this is the only result which appears out of

order, the eye infection showing no significant differenc

It can also be seen from this experiment that tubers

e.
I
|
planted apparently free from skin spot produced crops w1t$
quite congiderable skin spot infection. This is also |
apparent in Experiment 3(A), where the visually'free' |
fubers, even if dipped in an organo-mezcury solﬁtion at é
planting time, showed skin spot on the produce. This is |
%ot necessarily an indication that the infection on the ?
Er0p must have come from the soil, as it has been shown ;
by Salt (1957) that tubers with no vigible symptoms may
En fact carry the fungus in the eye tissue or stolon scar;
Lnd the present author has noted that visually 'free'

Eubers, dipped in organo-mercury two days before plantlng,

howed growth of Oospora pustulans conidiophores on the eyes

‘ . <
?t planting. It therefors seems unlikely that any tubers

blanted are completely free from skin spot, a fact which |
= B
Fust throw doubt on the results of experimental work !
|
with apparently 'free' tubers planted on virgin land, andl

ther observations, which indicated that Qospora pustulané

as an inhabitant of certain soils (Anon., 1932; Boyd andi
|
i

%
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Gannarl 1061 0n);  Khaekbway Has1 (a)), |
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 ‘
! 5 |
'moderate' tubers showed a reduction of about 60% in the %

levels of surface and eye infection, compared with

lreductions of 80% to 90% when tubers were dipped at lifting.

%These figures compare véry closely with those obtained by
%Greeves and Muskett (1939) when they compared disinfectiop

%at planting and at lifting. Disinfection with an organo-'
}

percury solution at planting did not appear to piaﬁxafkmd
|

, !
Iemergence rate or final percentage of blanking, contrary i
to the findings of Boyd and Lennard (1963) who found that
ﬁhis treatment tended to retard the emergence of 'free'

gseed°

E Delaying the date of planting infected tubwes, in an

%ttempt to provide conditions morea suitable for rapid
!
sprout growth away from the source of infection, and so

(

reduce the number of delayed sprouts and possibly also
fhe number of blanks, was found to have no beneficial
ieffect in practice, and the later planting inexplicably
hncreased the percentage of blanking with 'moderate' and |

i'severe' tubers causing a marked reduction in yield.

E

ihere was also no reduction in infection levels which i
develpoed on the harvested crop, and from the results of |

&his experiment, delayed planting could not be recommended
i |

Ps a method of reducing losses due to seed badly infectedf
4

|
|

with skin spot.
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|
|

During the course of this work, two observations
Lere made which might be worthy of further study at some
time:

a) During estimations of skin spot 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

'moderate y Or 'severe' skin spot infection, and it

b) When examining tubers in March from the 'boxed at
. lifting' treatment in Experiment 2, it was noted that
some of'the tubers round the edge of the seed trays

had been greened by exposure to light. Comparison of

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

| of Oospora pustulans in the tuber periderm.

substance which will retard or prevent the develppment;

sclerotia were almost never found on tubers with 'slight’

may be that these two fungl are mutually antagonlstic.]

|
|

|
!
|
I
|

i

|
|
{
|

|

!

| these greened tubers with other unaffected tubers in tpe



1. Temperature and humidity conditions during storage

of surface and eye skin spot infection which dewelope
on potato tubers artificially inoculated with the

causal fungus, QCospora pustulans Owen & Wakef,

were found to have a very marked effect on the levelsj
|
|
|
Continuous warm conditions (15.5°C; 60°F) led to i
much less skin spot development than either coniinuou%
cold temperatures (1.5°C; 36°F), or fluctuating i
temperatures similar to those encountered in,commerci%I
a
!

bulk potato stores.(12.5°C (55°F) at the beginning of
storage, falling to about 4.0°C (40°F) during the :
winter, rising asgain to some 10°C (50°F) at the end 1
of storage). The effect of humidity was slight under%
warm storage conditions, but with fluetuating or ;
continuous cold storage, high humidity increased damage
caused by this disease. E

‘2. Disinfection of tubers at lifting in an organo—mercuri
| dip was shown to be the most effective means of i
contrelling 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

some measure of control over skin spot develppment,
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but it was not as effective as the disinfection
treatment. As with disinfection, delaying boxing
after 1ifting reduced its ability to control the

disease. The temperature to which the tubers were
exposed after they were boxed was found to be.critica%,
cold conditions favouring establighment of the pathog’n
and greatly redueing the effectiveness of boxing as

a control measure.

A method of estimating eye infection caused by skin

|
|
1
[
|
|
spot, involving the removal and incubation of the |
|

tuber eyes was compared with the more normal method |
}
of visual examination. The former method was found

|
to be no more accurate as a means of assessing the }

|
number of eyes killed by the fungus, but it was usefui

for indicating the presence or absence of Qosgpora
ustulans, particularly on live eyes., Using this

technique, it was noted that there was an increase in

@
|
|
the number of infected eyes during one storage seasoné

|
suggesting that under very damp storage conditions, |
Qospora pustulans may spread in stores. ;
Disinfection of skin spot infected tubers at planting

1
time in an prgano-mercury dip was not found to have é
any effect on the emergence rate or yield of the |
produce, but it did reduce the skin spot infection

|
which developed on the subsequent crop. !



o

6. Delaying the planting date of tubers infected with
skin spot did not reduce the infection which developed
on the subsequent crdp, and in this work was found to
inerease the percentage of blanking and reduce the
final yield from tubers with 'moderate' or 'severe'

skin gpot infection.
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