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GENERAL _INTRODUCTION

Under the Scheme for the Inspection of Growing Crops
of Potatoes in Scotland, crops are examined and certified
on the basis of (a) verietal purity and trueness-to-type,
and (b) health, especially with regard to virus diseases.
The former category includes two sub-classes. These are
(i) knom varieties other then the one the crop purports
to belong, and (ii) natural variations of any undesirable
type. The importance of differentiating plants in these
two sub-classes lies in the fact that the percentage
tolerance for plants in sub-cless (i) differs from that of |
plants in sub-class (ii). It is important, therefore,
that potato growers end crop inspectors should be familiar
with, and able to identify at sight, the common potato
varieties together with their veriations. In scientific
work also this is important as mistakes have been made and
erroneous conclusions drawn because of inaccurate
identification. As a contribution to knowledge and to
facilitate recognition, the aberrant types found in potato
varieties are described and notes on their nature,
distribution and importance are made in Part I of this
thesis.

It is generally recognised that the major cause of
degeneration in potato stocks is the development in them of
virus diseases. The difficulties arising during the

production /



production and meintenance of healthy stocks, therefore,
become mainly problems of virus control. The general
problem of control may be viewed from various aspects, '
but the chief methods of approach are:- |
(2) the breeding of immune or field-immune varieties,

(v) the propagetion of virus-tested stocks, ‘

(c) the propagation of selected visibly-healthy phntl.‘

(@) the removal of visibly diseased plants from |

commercial crops.

Breeding and virus-testing require considerable skill
and specialised knowledge and fall to be dealt with by the
plant breeder and the virus expert in co-operation. FPlant
selection and the removal of diseased plants are methods
which can be and are adopted by the practical grower.

|

Mild virus infections, however, are frequently difficult |
to diagnose because symptoms of the disease may be extremely
slight. Furthermore, the symptoms induced by the virus
tend to vary during the life of the plants. A knowledge
of the factors causing these differences in appearance and
of the optimum conditions for diagnosing virus infections |
in the field, must be a valusble asset to the grower who is
concerned with maintaining the health of his stocks by
roguing and plant selection. Climatic conditions, times
of planting, stage of plant development, age of the plants
and daylight intensity may influence the manifestation of
disesse symptoms, and in Part II these different aspects

receive attention.
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k. f

In the historical literature dealing with the potato
and its introduction into Britain in the sixteenth century,
the opinions expressed by the various writers are not |
always in agreement but it is clearly suggested that the ‘
ma jority of present day British varieties have been
developed from a few types originally introduced. uw
the existing varieties are now more numerous than would |
appear to be necessary to satisfy commercial needs, new ;
improved introductions continue to make their appearance.
That potatoes are grown for a variety of purposes and t
under & wide range of climatic and soil conditions,
probably accounts for the existence of so many varieties,
each of which have attributes suitable for a special range
of conditions. In view of the varied purposes for which
the different varieties are grown, the varietal purity of
stocks is 2 matter of some importence but if the special
characteristics of a variety are to be maintained,
conformity to type mmst also be considered. Varieties
are not absolutely stable and variations occur from time

l
|
*
to time. It ummtmpomnmnumnm\
over the normal type and are regarded, therefore, with ;
favour by commercial growers, but the vast majority do l
not possess the desired characteristics of the nommal {
plant and are considered as degenerate forms. In recent l

?

years, the improvement of potato crops through increasing
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control of diseases, particularly virus diseases, has
absorbed the attention of most scientific workers and the |
purity and conformity-to-type aspects have been regarded
as less deserving of attention but a high standard of
purity in seed stocks is demanded by legislation and in
the various certification schemes, certain standards for
purity snd trueness-to-type are laid down by the certifying
authorities. Although the permitted tolerances are
subject to slight amendment from year to year in the light
of increased knowledge or commercial considerations, the
importance attached to varietal impurities and variations
is made clear by reference to the current certification
requirements of the Department of Agriculture for Scotland.
In the various grades of certified seed stocks, these are
as follows:~

(1) Steck Seed |

(2) Not more than .05% of rogues including undesirable
variations and bolters.

(b) Not more than .14 semi-bolters.

(c) Not more than 4 plants per acre leaf-roll, severe
mosaic and wildingsand not more than .25 mild
mosaic.

(d) Not more than 5. plants affected with Blackleg.

(e) Complete freedom from infestation with potato

root eelworm.

(2) Grade 4. (Scot.)

(e) Not more than .5 rogues.

(b) /
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(b) Not more than 1% undesirable variations or
1% bolters.

(e¢) Not more than 2% mild mosaic.

(4) Not more than .5% luf-roll, severe mosaic and
wildings.

(e) Not more than 10% Blackleg.

(f) Complete freedom from visible infestation with
potato root eelworm.

(3) Grads H. (Scot.)

(a) Not more tham .5 rogues.

(b) Not more than 5% undesirable variations or
5% bolters.

(c) Not more tham 2j leaf-roll, severe mosaic and
wildings.

(d) Not more than 105 Blackleg.

(e) Complete freedom from visible infestation with

potato root eelworm.

Not more than 3¢ but over .5% rogues, otherwise as
for grade H. While the figures quoted are those of the
Scottish Department of Agriculture, they are very similar
to the requirements demanded by the English and Irish
Departments.

The importance of differentiating in a crop, plants
of other varieties from those which have deviated from

the varietal type, lies in the fact that the two oatogorie+
|
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of plants are not regarded with equal importance hence
the permitted tolerances of each, in stocks intended for
certification, differ. It is important, therefore, in
maintaining crops pure and W—to—typo, to be able to
recognise, at sight, the various commercial varieties
together with their abnormal forms. To assist in this
assessment, descriptive notes of potato varieties in their
normal state have already been published (Salaman 1926;
McIntosh 1927; Davidson 1938; Department of Agriculture
for Scotland 1944; Whitehead, McIntosh and Findlay 1945).
The present work has been prompted by the need to
supplement these descriptions with accurate definitions
of the more commonly occurring variations which have been
encountered in the field. Departures from the normal
type may be observed in the tubers, the foliage or both,
but since the purity and trueness-to-type of potato stocks
are assessed by visual inspection of the plant foliages,
only the foliage-aberrant forms of the commercial nriotio?
will be discussed here.

While the official view is that deviations from the
varietal character are important, no great body of
evidence exists as to the actual effect these have on such
practical matters as the yield of a crop, its date of
maturity and the size of the tubers produced by it.

Here it is proposed to report a preliminary investigation
concerned with such effects following on the appearance of

the /



the more importent variations.

Review of

Ihe Aberrant Types

The most important aberrancies are, undoubtedly,
bolter and wilding types as they occur fregquently and are
of commercial significance. The other variations, later
described, have received little attention. This is
probably due to the fact that they are not of such common
occurrence as bolters and wildings snd hence, from the
practical viewpoint, are correspondingly less important.
Bo ~-bo « The existence of bolters in
Scotland has been known since the inception of the potato
crop certification scheme of the Board (now Department)
of Agriculture for Scotland in 1918 and they were first
mentioned in an official publication of that Department
(1921). A more complete description was given by
Anderson (1925). The official description of bolters,
published by the Department of Agriculture for Scotland
(1944) is given as follows:-

"4 bolter plant is much taller then a normal plant

"and there is greater distance between the branches

"of the stems; the haulm is more open, wilder and

"more vigorous; it generally bears flowers more

“freely and has an increased capacity for producing

"berries; it is much later in maturing; it

"produces somewhat coarser tubers if allowed to

"mature."

Semi-bolters are regarded as intermediate between

the nomal and extreme bolter type and were first

included /




included in inspection scheme stendards in 1946. |
late maturity and the inability to produce an early }
erop of sizable tubers are notable features of bo‘ltcn
and semi-bolters. These features are particularly l
undesirable in crops of early varieties of potatoes and :
they have been the subject of numerous complaints from
growers of crops intended for the early ware market.
Such complaints have led to the increasing amount of

|
|
!
attention which has been paid to bolters in recent yeers.
In other countries also, different types in potato |
varieties have been observed, but it is doubtful if they
have been considered as disadvantageous aberrants since,
in several countries, they have been the subject of ;
selection and propagation. Edmundson (1927) observed |
differences in plants of the same variety and stated that
if there was no variation in the seed, it would not be |
possible to improve stocks by selection other than by the
elimination of disease. His statement that stocks have ;
been improved by selecting for vigour, earliness and |
lateness would appear to indicate that he was dealing |
with normal and bolter types as lateness of maturity and ;
increased vigour are characteristics of the latter. |
In New Zealand, Hadfield (1929) and Leitch (1947) have |
described the propagation of such types selected from the {
eerly maturing veriety Sutton's Supreme.  Two of these |

l
selections regardless of their irregular tuber shape have

become /
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become widely popular because of their increased cropping
power. In Hungary, &notmlﬁmnﬂovmlym
showing maturity differences, have been looked upon as |
standard commercial varieties over a long period of years

¢

(Cockerham - privately communicated). In this country, '
a bolter type of Great Scot was grown commercially in |
1925 under the neme Spion Kop, but although the selection |
of late maturing forms has been advocated from time to E
time since then, the practice has not been adopted on & |
comnercial scale as many maincrop verieties of high é
yielding capacity are already available.

While extreme bolter types are easily identified,
semi-bolters are difficult to recognise as their foliage
characteristics closely resemble those of the normmal
plants. The absence of any clear and concise dirfa'cnoui

between the two latter types has led observers to the .
belief that, between the normal and the extreme bolter, f
a range of bolter types exists. Carson and Howard (1941.)%
in breeding experiments with bolters, classified the

progeny according to the "wildness" of the root systems
and observed a range of types, in this respect, between
the normal and bolter. ﬂnm"'llt'inthhmm:
has no connection with the plant type known es a wilding,
but is merely sn expression used to indicate the sbnormal

|
|
|
|

development of adventitious roots eand rhizomes. During

|
|

an examination of the gisnt hill condition in American

potato /
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potato varieties (giant hill being the American ch.nhaé
of bolter) Yerwood (1946) noted that, in the 16 femilies |
which he studied, there were clear and consistent [
di fferences between them as regards time of maturity, ;
tuber shape and disease resistance. |

Perhaps the most obvious difference between plants E
of normal and bolter types is one of foliage height, the [
latter having a taller habit of growth. This being so,
any treatment of the crop which tends to encourage
foliage development serves to increase the difficulty of
differentiating normals from bolters end particularly :
from semi-bolters. Findlay (1946) recorded various
cultural treatments which affected the plant foliages in |
this regard and also had the effect of extending the
growing season. Changes in foliage cheracteristics have
been noted by the writer as a result of varying tuber
spacings and menurial applications but the effects are
temporary and the changes are not reproduced in the
progeny.

The increased vigour and foliage development of
extreme bolter forms is inveriably accompanied by a |
reduction in tuber production, a feature which has obviou%
disadvantages for both the ware grower and the grower of \
seed stocks. This characteristic of bolters has not yet |
been fully investigated, but a correlation between |

maturity and "tuberization" was noted by Miller, ‘

McCGoldrich /
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McGoldrich and Le Clerg (1940) while studying the

progenies from potato crosses end selfings. They
observed a decrease in tuber production between early and

late maturing varieties and formed the opinion that tuber

\
production was adversely affected by increases in plant
height and length of rhizomes. This correlation is very !
apperent when the normal and bolter types within a |
particular variety are compared.

Most plants which do not conform to the varietal *
description are noticeable through e morphological change |
of the normel foliage, but physiological changes have n].-o‘
been observed. East (1910) agreed that differences in

the power to resist disease may occur as a result of

assexual reproduction but he was of the opinion that i
disease resistance was unlikely to be ocbtained by this |
method. A mutation from the variety "Early Rose" was t
claimed by Ryx (1918) to exhibit increased resistence to
potato blight. The increased resistance of bolters to
fungal diseases has been recorded more recently by
Yarwood (1946, 1947) who observed that giant hill plants

possessed a greater measure of disease resistance than

the Netted Gem variety were killed off at 70-100 days by

infection with the blight fungus (Phytophthora infestans).
Under similar conditions giant hill plants lived up to

|
normals, He noted, for example, that normsl plants of i
l
‘
|

136 days and were less severely affected. Such |

observations, /
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observations, however, do not necessarily indicate
increased resistance to blight. The present writer
ventures to suggest that the tall, open habit of giant |
hill plants may be instrumental in creating u-nmi
within the crop which is unfavourable to the development J
of the fungus. |
W Wil -  Wildings have been
observed in crops since 1920 and m first described by
Anderson (1925). The present official description is as
follows, (Department of Agriculture for Scotlend 1944)i- |

"A wilding plant has a more bushy habit owing to the
"production of a large number of thin branches.

"In association with this branching habit, there is a
"tendency to produce a large number of underground
“stolons, associated with a multiplicity of under- J
"sized tubers. The leaf carries very rudimentary |
"secondary leaflets; the primery leaflets are
"reduced in number and have a rounder contour than
"is normal for the variety. Generally, wildings do
"not produce floral parts; if these occur, they
"are very rudimentary."

In the same publication, feathery wildings are mud"

to be "similar in habit to the normal plant but stemmy andi

|
|
|
|
|
\

“more highly coloured and their leaflets are smaller, 1
"narrower and more pointed". Although the two types are ]
grouped together for purposes of crop certification, they !

|
bear no close resemblance in foliage characteristics. ‘

The production of numerous small tubers, however, is a \
feature common to both.

Wildings, as distinct from feathery wildings, are
frequently divided into two categories, viz., (a) wildings

and /
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and (b) wild wildings. The plants in these two catmud"
differ from one snother oanly in degree of "'utuu"buod{

on the number snd size of the stems and the extent of
reduction in the number of leaflets produced, but, as with

the bolter types, a2 range of "wild" types may exist.
Such is the opinion of the writer as a result of many
years' experience of crop inspection work. McIntosh (in
a private communication) records an instance of four

|
!
\
|
1
wilding types, each differing from the others, being l
selected from a crop of the variety Golden Wonder. |
Wildings have received comparstively little attention i
in the literature and, in some countries, have not been 1
recognised, although, Jjudging by the frequency with which L
they occur in British varieties, even in those of recent
introduction, it is difficult to believe that they do not |
exist. Where these variations have been discussed, a |
considersble amount of confusion seems to have arisen |
and the synonymity of the types discussed by various
workers remains in doubt. ‘
Qther fberrant Types - In this country, only & limited
smount of study, and that of a very genersl nature, has
been devoted to the other variations later described.

Foreign literature on the subject, excluding the work of I

Asseyeva (1931), does not exist.
Na e of V
Opinions as to the nature and cause of aberrancies

dffer, /
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differ, but throughout the literature three main reasons |
for their appearance are suggested.

Some workers are inclined to the view that chromosomal
changes, quantitative or qualitative, are mainly concernmed.
Carson and Howard (1944) suggested that the bolter condition

might be due to the loss or gain of a whole chromosome. t
Root-tip counts in the varieties Gladstone and Ulster |
Chieftain, however, showed that the chromosome number of {
bolter plants was the same a2s that of normal plants. ;
Although differences of whole chromosomes are not appnrentl\’y
the cause of bolting, Thomss (1945), found that & small |
fragment of chromosowme was present in the nucleus in "
bolters but not in normal or wilding types. He assumed
that bolters arose as a result of the inclusien of this |
fragment. Chromosomal differences are also indicated, as {
the cause of bolting, in the studies on photoperiodism of 1
Rasumov (1931) and Hawkes (1947). Resumov in his study
of South American tuber-bearing wild species of Solanum |
stated that in all cases, the highest vegetative develop-
ment is stteined under long day conditions and that short
days afford the best conditions for the formstion and

development of tubers. [He instances the reduced proﬁwtiaT
of South Americsn wild plants growing under Russian

conditions compared with their performence under 3outh 1

American conditions where the daylight rarely exceeds ‘
12 to 13 hours. [Hawkes cultivated bolter plants under

both / |
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both long and short day conditions and noted thet these
types became significantly taller when grown under long
day conditions. He indicated that the differences
between normal end bolter plants could be completely

removed if both were cultivated under short day oonditiom.é

The bolter plants then lost most of their characteristic
features. From this, it has been suggested that bolters
arise as a result of the mutation of one or more genes
controlling the response of the plant to length of day
end Hawkes tekes the view that the bolter is a reversion
to the type of plant found growing naturally under the
short day conditions of South America.

Another theory tending to explain the appearance of
variations is based on the chimerical nature of many
potato plants. When chromosomal changes occur in the
nuclei of vegetative cells, the plant tissue may be
wholly or partially affected. In the latter case, when
the mutated tissue surrounds the unmutated tissue, the
variation is referred to as a periclinal chimera.
Assuming 2 chimerical make-up, any technique which allows
the inner component to develop can be used to separate it
from the outer suppressive tissue. Asseyeva (1927, 1930,
1931) adopted a method of excising the eyes of tubers in
order to stimulate growth in the deeper tissues, which
form the inner component of the chimera, and obtain a
plant free from the outer component. By this method,

many /
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many variations in the potato were found to be periclinal ‘
chimeras. The chimerical nature of such potato varieties
as Sefton Wonder and Field Marshal has been discussed by
Salaman (1943) who postulates that the change from smooth
to russetted skin on the tubers has probably occurred as

a result of accidental demage to the "eyes" of seed
tubers in the field.

Some divergent forms were considered by a few
workers to have resulted from a virus factor. Murphy
and McKay (1932) identified wildings with the diseased
condition first described in America under the name
"witch's Broom”. They stated that the two terms were
synonymous and suggested that the use of the term
"wilding" should be discontinued.  The synonymity of th-}
two conditions, however, has not been proved snd doubts |
still exist regarding the ideantity of the condition
studied by these writers. Some of the material of ?
Scottish origin which Murphy and MeKay used in their work
was discovered later to be infected with the virus of |
witch's broom. McIntosh (1932) disputed the pathological
theory of the origin of wildngs. A virus factor was
suggested as the cause of the bolter condition by Hill |
(1934) end Hansen (1938) but factual evidence has not

been produced. Graft tests carried out by Mclntosh

(1932) end more recently by the present writer failed to

transmit the condition to normal plants. Rozendaal (19k7b
|
|
l
|

recorded /
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recorded a "stem-mottle disease” of potatoes in Holland
which was transmissible to healthy plants by grafting.
From the descriptions and illustrations given, the disease
symptoms show a close resemblance to the characteristics
of the sberrant type described and illustrated later as
"mop-top”.

For the purposes of potato crop certification in
Scotland, all the abnormal forms to be described here are
regarded as genetical variations from the normal type and
none, so far, have been shown to be caused by disease.

As regards the "mop-top" abnormality, however, the
possibility of the condition being pathological or
physiological must not be excluded.

i
i
;
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The main obJjective of this work was the provision of
acourate descriptions of the variations found in potato
varieties at the present time and the supplementing of
these descriptions with photographic illustrations. The
compilation of information regarding their nature and
cropping power was a useful suxiliary of descriptions but
these aspects will be presented separately.

Throughout the whole of the investigation, extensive
use was made of the collection of potato varieties
maintasined at the Plant Registration Station of the
Department of Agriculture for Scotland. This collection,
probably the largest of its kind in existence, has been
built up from plants selected from field crops in Scotland
during the past two decades.

A. Deseriptions of the Variations

In making descriptive notes, account was taken only
of those morphological features which are of value
diagnostically. Where no reference is made to
characteristics normally mentioned in deseriptions of
potato varieties, it may be sssumed that the parts
omitted have little or no value for identification
purposes in the present context.

Throughout this section, comparisons are made between

the /
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the aberrant form and the normal plant. The term
"normal" should be construed as "that type of plant which
is generally recognised as being typical of the variety”.
Material

Before attempting to describe the variations, it was
first necessary to ensure the uniformity and constancy of
the stocks. To this end, a comprehensive collection of
naturally occurring types was selected and propagated by
the writer from 1944 onwards. The completed collection

comprised 51 varisnts in 22 commercial potato varieties.
Foliage descriptions were made and checked each year, |i
during the growing season, from field plots of the |
variations and their normal controls. The leaf parts
referred to in the descriptions ere illustrated in

figure 1. The bolter end wilding plots each contained
36 plants while the plots of the other varistions !
described, each consisted of 24 plants. ;

Tuber and sprout descriptions were made during the
winter in a store where the tubers could be sprouted under
conditions which were not subject to excessive fluctuation.
For this purpose, samples of 20 tubers of each variation
together with control tubers from normal plants of the
varieties were boxed, rose-end upwards, and covered with a
single layer of thin paper to prevent strong light
interfering with the normal sprout colours.

General Descriptions

Although /
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General Desoriptions

Although many types of foliage variations are found
in present day potato varieties, the majority of them
appear to fall into one or other of seven main groups,
classified according to the leaf or leaflet types, viz:-

(a) Bolter types.

(b) Wilding types.

(¢) Feathery wildings.

(d) Fused-leaflet types.

(e) Coarse-leaflet types.

(f) Sub-divided-leaf types.

(g) Chlorotic-leaflet snd reised epidermis types.
(a) Bolter types - Bolters end semi-bolters are
included in this category. Their leaflets do not differ
markedly fram those of the normal plant but they tend to
be slightly smaller, broader and rougher, particularly
towards the tops of the plents. Selamen (1926) gives the
average increase of leaf index of bolters over the normal
as 2.6.
(b) Wilding types -~ Wildings differ from normals in
that they produce a greater number of stems and a reduced
number of leaflets. The terminal leaflets are frequently
large and expanded. The average increase of index over
the normal is twice that found in bolters (Saleman 1926).
Other sbnormal features are (1) reduction in foliage hei
and (2) almost complete absence of flowers from flowering
varieties.

(e) /
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(¢) Feathery wildings - These variants are more stemuy
than normal but the main difference lies in the narrowness

of the leaflets compared with those of normal plants.

(d) Fused-leaflet types ~ Within this category, the
actual condition seen depends on the variety concerned,
nevertheless, all are alike in that the foliages differ
from the normal by having the individual leaflets wholly
or partly fused. In some, only the temminal leaflet and
one or both of the penultimate pair of leaflets are joined.
A more complete degree of fusion appears in the docken-

leaf variation where all leaflets are frequently fused in
one large blade. In this type, the lateral leaflets

have joined to form the leaf blade are still partly visible,
since the apices of the leaflets appear as serrations of
the margin of the lamina. Almost complete fusion of the

|
leaflets accompanied by malformetion is characteristic of |

the spinach-leaf variation. In the ivy-leaf variation,
there is again fusion and malformation of the leaflets
accompanied by & flattening of the leaf mid-rib. 1In this
type, the lamina is short and broad and the petiole
unusually long. Flowering is reduced in all plants whose
foliage types fall within this category.

(e) Coarse-leaflet types - The coarse-leaflet types
take several forms, but fusion of the leaflets is rarely
associated with them. They differ from the normal form
in bearing leaflets which are stiffer, rougher, more

puckered, /
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puckered, frequently more pubescent and often smaller in
size. The apparent small size of the leaflets, however,
is probsbly due to the puckering of the surfaces. In some
types in this category, the leaflets assume an abnormal
light green colour. This is particularly noticeable in
the rasp-leaf wvariation.

(f) Sub-divided-leaf types - Aberrancies showing
abnormally divided leaves are less common than those in
the previous categories. The leaves are unusually large
and expanded, each leaflet being carried on a long stalk,
which bears two or three pairs of secondary leaflets, thus
resembling in itself e small but normal multiple leaf.

The sub-division of the leaves gives the plant a more
compact, bushy eppearance.

(2) Chlorotic-leaflet snd reised-epideruis types -
Chlorosis of the leaflets and a raised epidermis are
abnormal characteristics not frequently observed.
Chlorosis may be extensive, covering the whole of the
leaflet surface or, as is more common, may be confined to
the leaflet margin. A lead-green colour is typical of
plants with raised leaflet epidemmis.

Although most deviations from the normal type can be
placed in one or other of the above categories, a few
exceptions which cennot be classified thus, exist, but
they are of very infrequent occurrence.

In the foregoing remarks, a suggested classification

of / \
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of the various foliage-sbnormalities encountered in
potato varieties is given. In the following pages, each ‘;
is described in detail, under the variety name and E
photographically illustrated. The nemes of the various |
types deseribed (excluding bolter and wilding types) have i
been given by the writer as they have proved useful in 1
conveying to other observers a "picture" of the fomm tahnL
Specific Descriptions |
As the characteristics end disgnostic features of

bolters, semi-bolters, wildings and feathery wildings
differ, between varieties, only in slight deteil, it is
proposed to describe these variations without regard to |

variety. ‘;
Bolters l
) - Taller, upright, more open and much more
robus normal; stems strong, zig-zag, numerous,
branched, and rigid, and in many varieties more intemsely
coloured than normesl probably due to the open character
of the foliasge, lateral growth is common; leaves of ten
shorter than normal, stiff with more colour then normal
in the mid-ribs perticularly at the bases of leaflet ‘
stalks; leaflets usually thick, small, dull and frequently
more scent. \
- Flowers normal but much more ‘
profuse ’ plants of the variety. The f
inflorescences are large and borne on long stalks. }
Varieties which normally are without flowers, frequently
show profuse flowers in the bolter condition. Flums or |
berries are more freguently observed than in normal plant'.l1
of the variety. |
W-mummu, bulky, markedly
matted and associated below ground with numerous long |
rhizomes. ‘
Tubers - larger than normal end frequently coarse
with irregular shape, deep eyes and a tendency to second-
. In varieties which normally produce oval or 1
kidney-shaped tubers, the tubers of the bolter are '
frequently long and spindle-shaped. Tubers from bolter
plants sprout much later then normal and the subsequent
growth is slow. Apical dominance is not marked and
sprouts ;mrgo from all eyes on the tuber.
In
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In the field, bolter plants develop more slowly and
reguire from 14 to 40 days longer then normal to reach
maturity, the period varying with variety. Bolters are
not obvious in crops during the early part of the season
but begin to show clearly about 12 weeks after planting.

They appear to be less susceptible to buzh:h%m!m)
than normel plants, but this may be due to open-type

-~ Those plants are intermediate in height
between normal and the typical bolter. Stem and
foliage characteristics closely resemble the normal;
leaves more rigid, duller and coarser than normal but
nearer to normal size than is found in the bolter; the
top rosettes of the plants are stiff, and the topmost
leaflets dull, folded end small, in which respect the top
foliage resembles the bolter foliage.

Floral characters - Flowers like the variety and
similar se normal plants.

- Very similer to those of normal plants
but the rhizomes appear to be longer  This feature,
however, is not sufficiently constant to be of diagnostie
importance.

Tybers - Similer to normsl, sprouting is only slightly
slower. As in the normal, apical sprouts are usually
more robust and all eyes do not sprout as in the bolter.

Development in the field is somewhat slower than
normal but this feature is not marked in sll varieties.
Semi-bolters, however, are not apparent in crops in the
early season. In many respects the semi-bolter can be
considered an intermediate state between the normal and
bolter habits and matures 7-21 days after the normal plants.

Fhotographs on next page /
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T

BolLTER GEMI - BoLTER NORMAL

Wildings

- Differs from the foliage of 2 normal plant
being.le zall. and very bushy; stems very numerous, thin,
spindly; leaves reduced in size and somewhat simplified in
that they bear a reduced number of leaflets - sometimes
only a terminal leaflet and one pair of laterals; leaflets
rounder than normal, the terminals being large and
conspicuous; secondary leaflets small and round but of'ten
absent.

Floral characters - Flowers small, if present, but
usually inflorescences are absent. Where inflorescences
are seen they are usually rudimentary; most buds drop
unopened.

Roots - Numerous and bushy with meny rhizomes.

Feathery Wildings /
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Feathery Wildings

Folisge - Often resembles the normal in height but is
more open with less cover; stems thin and slightly more
numerous than normal; leaves smaller but usually complete;
leaflets normal in mumber but narrow, long and pointed,
particularly at the tops of the stems giving the "feathery"
appearance; secondary leaflets small, narrow and pointed.

Floral ters - Inflorescences frequeant in
flowering varieties.

Roots - Numerous, matted and associated with many long
rhizomes.

Tubers - Longer and more pointed than normal
particularly at the rose-end; eyes mumerous and clustered
round the apex of the tuber; apical dominance not marked;
sprouting is earlier than normal.
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Rough-lesf Variation

- More upright than normal with darker green
foliage; leaves stiff; leaflets rough and corrugated,
terminal leaflets frequently fused with one or both of the
first pair of lateral leaflets.

The rate and time of sprouting and length of growing

Spinach-leaf Veriation

~ Glossy, upright and rigid; leaves dark
green, rigid and directed upwards, mid-ribs occesionally
flattened; leaflets invariably fused together to form
simple, "ladle-shaped” blades at the base of the plant
and ivy-shaped blades towards the top.

Floral Characters /
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Florsl Characters - Buds fairly frequent but drop readily;
flowers infrequent.

Rate and time of sprouting and length of growing
season similar to normal.

Variation - ed te leaflets

Foliage ~ Habit and cover gimilar to normal plant;
leaves long and large; leaflets broad, terminal leaflets
fused with one or two pairs of lateral leaflets.

Similar to normal plants regarding time and mte of
sprouting and length of growing season.

Fhotographs on next page /



Rasp~le ti

Feoliage ~ Drooping, later becoming prostrate; stems
numerous, spindly and mottled blue-purple; leaves short
and curved downwards, mid-ribs short; leaflets large,
reduced in number, light green and markedly puckered;
secondary leaflets few.

Floral Charact -~ Flowers not observed, buds
rudimentary an readily. In this respect, the
variation differs from the normal.

Fhotographs on next page /
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"Mop-top" Variation

Fo -~ One or more stems may be affected.

Affected stems are reduced in height having shortened
internodes giving the foliage a compact, rosette
appearance; leaflets become thin with lack of uniform
colour, light green areas may be observed; mid-ribs may
be distorted giving peculiar twists to leaves and leaflets,

Floral c% On normal stems, normal flowers
may be observ t do not appear on affected stems
where the apex is freguently distorted and the floral
parts aborted.

The fact that both normal and abnormal stems may be,
and freqently are, seen on the same plant indicates that
normal and abnormal tubers are found at the roots, hence
in planting out the produce of single roots, the resultant
plants are not 100% true-to-type. This variation is also
common in the varieties Dumbar Rover, Arran Chief and
Craigs Defiance.

Rough-leaf Variation /
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Rough-leaf Variation

Foli;g; -~ Habit similar to normal plamt, but foliage
is more rigid; leaves stiff; leaflets broad, markedly
wrinkled, thick snd fleshy, terminal leaflets broed and

rounded.
Floral Characters - Flowers not observed, buds small

on a shortened inllorescence stalk.

BRITISH QUEEN

Spinach- leaf Variation

Foliage - low-growing, bushy, rigid; stems robust,
bronze with green nodes; leaves stiff and directed
upwards; leaflets dark-green, reduced in number and
fused together in the shape of a ladle, but sometimes one
or two pairs of small normal leaflets are apparent in
addition, younger leaves ivy-shaped with leaf surfaces
undulating.

Florasl Characters /
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Floral Characters - normal, flowers white, profuse.

T of sprouting is later than normal. There is
less apical dominance in the tuber and more basal eyes
sprout. The rate of sprouting is slower than normal and
slow growth persists during the growing season. The time
of maturity is about the same as the normal.

!‘gg_lg - low-growing, bushy, with numerocus thin stems;
leaves normal length; leaflets dark-green and often
fused together to give a docken-like lamina, but one or two
peirs of small seperate leaflets may be apparent. Leaves
of all ages are affected

- Flowers not observed, buds

rudimentary.
Photographs on next page /



Spinach-leaf Veriation

- Upright, rigid, glossy; leaves reduced in
size, and directed upwards; leaflets light-green,
smaller and narrower than normal, terminal leaflets
frequently fused with one or all pairs of lateral leaflets
giving either simple spinach-type leaves or merely enlarged
terminals sccording to degree of fusion.

Floral Charscters - Flowers not observed, buds
rudimentary.
Rate snd time of sprouting similar to normal tubers.

Photographs on next page /
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Ivy-1
Fo - Upright, rigid with poor cover; stems
clear ble; leaves dark green, mid-ribs distorted,

flattened and reduced in length causing the leaves to
"bunch" round the stems, leaf shape closely resembles that
of an ivy leaf. Where fusion is complete, the leaf is
simple, but sometimes one or two pairs of normal leaflets
are present.

Floral characters - Flowers white, normal, infrequent,
produdsd singly or in pairs; buds small and dropping
readily.

Rate and time of sprouting slightly later than normal.
Field growth of the plants is slightly slower than normal
but hngth of gra'ing season is similar.

DUKE OF YORK /

A —— T A
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Sub- d-

Fo e - low-growing, drooping as in nomal plant;
leaves um to large, expansive; leaflets rounder and
smaller than nommal, leaflet stalks long, arising from a
common point on the mid-rib, and each beering two or three
pairs of secondary leaflets; secondary leaflets round and

cupped.

Normal /



Mﬂpﬁw, rigid, flat-topped, lacking cover
and as as the foliage of s nommal plant; leaves
short, rigid, and projected outwards and upwards; leaflets
dark green, "blistered" and cupped upwards; margins of
leaflets yellow, later becoming purple particularly on the
upper half of the plant.

Normal /



- "y

Foliage - One or more stems may be affected.

Affected stems are reduced in height having shortened
internodes thereby causing the foliage to be compact and

to take on & “"rosette” habit; the growing point is
frequently distorted; leaflets thin with light green areas,
margins sometimes wavy, leaflet stalks often twisted giving
the leaf an inverted appearance.

As in other varieties which show this type of variation,
the fact that some stems of the plant may be normal,
indicates that a proportion of the tuber produce is like-
wise normal. The tubers of an affected plant, therefore,
of'ten produce normals and aberrants.

Spinach-leaf Variation /
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Spinach- Varia

- Upright, stiff, glossy; stems slightly
bronzed with green nodes; leaves dark greenm, rigid and
directed upwards; mid-ribs flattened; leaflets fused %o
form simple "ladle-sheped" blades at the bottom of the
plant and ivy-shaped blades near the top.

Flowers not observed; buds drop
readily.

-
-
: : - -

Fused-terminal Variation

?o__l.yigg - Upright habit similar in most respects %o
the normal plant; leaves normal in size; leaflets normal,
terminals fused with first pair of secondary leaflets

giving the plant the appearance of having slightly less
cover than normal.

Fhotographs on next page /



1 Varia

Fo - low-growing, bushy; leaves smaller and
mid-r than in normal plants; leaflets small,
light-green, markedly ribbed, leaflet margins wavy;
secondary leaflets small.

Floral characters -~ Flowers infrequent; buds pink
and dropping readily.

Time of sprouting slightly later than normal.

Sprouts develop slowly, and general growth of the plant is
slightly slower then normal but maturity is reached about
the same time as the normal plant.

Photographs on next page /
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Rasp-leaf Variation

Foliage - low-growing becoming prostrate; stems
spindly, highly coloured brown-purple, wings markedly waved
at top; leaves short, mid-ribs tinged brown; leaflets
light green, curved downwards, markedly puckered and
blistered.

Eloral charscters - Flowers white, infrequent;
flower stalks short, mottled purple; buds faint pink
later becoming bright pink before dropping.

Sprouting is much later than normal but it appears
that epical dominance is less marked and more basal eyes
sprout then in the normal. The growing season is
protracted, maturity being reached about 28-30 days after
the normal plants have ripened off

Privet-leaf Variation

- Low-growing, bushy, with very open foliage;
eaves oi‘ average length, open; leaflets dark green, very
glossy /
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glossy and thin with "blistered” surfaces and margins

rolling upwards and inwards; secondary leaflets small and

infrequent or completely absent; axillary growth profuse.
Floral characters - Flowers not observed; buds

infrequent.

Chlorotic-leaf Variation

- low-growing, bushy, compact; stems amall,
spindly with nuch lateral growth; leaves small; leaflets
round, chlorotic with markedly yellow margins.

m% - Flowers not cbserved; buds
rudimentary and ng readily.

"notted-top" Veriation /
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"Knotted-top"” Variation

Foliage - Low-growing and bushy resembling a wilding
type; stems numerous, slightly branched, spindly, round
with swollen nodes, internodes few end long; wings almost
completely absent but, if present, small, straight emnd
normally only two per stem; leaves medium-green, glossy,
simple, the blades being large and convexly cupped;
secondary leaflets absent; each stem is devoid of leaves
but terminates in a rosette of four or five bunched
together.

Floral characters - Buds and floral parts almost
complete sent.

Round-leaflet Variation /




Round-leaflet Variation

Foliage -~ Low-growing, glossy, flat-topped; stems
red-purple, short and robust; leaves short and rigid;
leaflets round, slightly puckered with yellow upturned
margins, terminal leaflets drooping; secondary leaflets
circular and saucer-shaped with yellow margins.

- Flowers infrequent; buds smll,

dropping unopened.

Dockg—loaf Vwm

- Habit very similar to normal plants but
giving reduced cover; lower leaves simplified, the leaflets
being perfectly fused together to resemble a dock leaf, the

upper leaves are more normal but have enlarged terminal
leaflets.

Floral characters /
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Floral charscters - Flowers not observed; buds
infreguent.

S

Dwarf-foliage Variation

Folisge - Stiff and upright, later becoming prostrate;
stems non-branching, four or five per plant; Ileaves
reduced in size with distinctly shortened mid-ribs which
twist and bend downwards round the stem. Towards maturity
the leaflets, which are dark-green end glossy, tend to roll
upwards and inwards as in leaf-roll.

Floral characters - Flowers large, white and profuse.

Sprouting tends to be slightly earlier than in the
normal tuber but growth of the plant in the field is less
vigorous.

Privet-leaf Variation /




Privet~leaf Variation

Foliage - Medium height, open with reduced cover;
stems prominent; leaves long; leaflets very glossy,
"blistered’ and thin with margins rolling upwards and
inwards.

Floral characters - Flowers normal but infrequent.

Sub-divided-leaf Variation

Foliage ~ Similar in habit to the normal plant;
leaves large, broad and expansive; leaflets large,
leaflet stalks long, originating from a common point on
the leaf mid-rib and bearing numerous secondary leaflets,
top leaflets compact.

Floral characters - Flowers large, white and profuse
as in nommal plant.

GREAT ScOoT /




Sub-divided- leaf Variation

-~ Similar to normel plant but slightly more
bushy; leaves large but slightly gshorter; leaflets small;
leaflet stalks branch out from a common point on the leaf
mid-rib and bear, in addition to the leaflets, one or more
pairs of secondary leaflets giving the appearance of a
whorl of miniature leaves.

Floral characters - Flowers not observed, buds
frequent but drop readily.

Dahlia-leaf Variation /




Dahlia-leaf Variation

Foliage - Open, rigid, upright habit with poor cover;
leaves slightly shorter than normal and more rigid;
leaflets waxy, dark green, puckered, fleshy, narrower and
more pointed than in the normal plant, leaflet margins
tend to roll downwards and inwards giving the leaflets a
thick appearance.

Floral characters - Flowers not observed; buds
rudimentary, few and dropping readily.

Tubers - Similar to mormal; sprouts differ from
normal in being markedly glossy and waxy and campletely
devoid of hairs, tips tend to remain closed.

While rate and time of sprouting appears to be normal,
the growing season of the plant is shorter and plants reach
maturity 10 to 14 days earlier than nommal.

w, < /

Rough-leaf Vari ation

Foliage - Similer to the nomal in gemeral habit, but
more rigid; leaflets thick, large, markedly blistered and
wrinkled.

HOME GUARD /
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-~ Hebit similar %o normal; stems become
prostrate towards maturity; leaves reduced in length;
leaflets grey-green, thin, slightly blistered with areas
of raised epidermis, lateral leaflets reduced in number
but broader and larger than normal.

'S P /



Meny-budded, Round-leaflet Variation

Folisge - low-growing, bushy, resembling sn early
variety in habit; stems numerous, thin and branched;
leaves short; leaflets small and round with wavy margins,
terminal leaflets drooping, lateral leaflets reduced in
size and number, fregueantly only two pairs and one small
basal pair per leaf; secondary leaflets few.

Floral characters - Flowers normal but infreguent;
buds small and numerous.

The tubers appear normal but sprouting is slower and
the sprouts are thin, green and not robust. Sprouting is
not confined to the apical eyes but sprouts are observed
arising from many lateral eyes. The length of the
growing season is shorter than normal, the plants ripening
off approximately sixteen days earlier then normal plants
of Kerr's Fink.
o B9 W

Sp inach-leaf Variation /
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Sp inach-leaf Variation

Foliage - Medium height, rigid, upright and lacking
cover; Jleaves stiff and deformed, the youngest leaves
being spoon-shaped; leaflets glossy and frequently fused
together; secondary leaflets scarce; bracts large,
frequently encircling the stem; apex of the stem is
malformed giving rise to irregular bud clusters and leafy
bracts.

Floral characters - Flowers large with petals frequently
bi-lobed, sepals 5-10 in number, stemens 5-8; buds large.

Rasp-leaf Variation

Foliage - Light-green, sulphury, hairy; stems
coloured red-purple, the tops of the foliages have a
*"dusty” sppearsnce due to excessive hairiness; leaves
long, mid-ribs coloured red-purple; leaflets large, hairy,
thick, "blistered" and carried downwards.

Floral characters - Flowers normal but less freguent.

Coarse, Grey-leaflet Variation /
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Coarse, Grey-leaflet Variation

Folisge ~ Medium height, coarse, upright and stiff,
cover poor; stems highly coloured and prominent; leaves
short, rigid and compact; leaflets broad, thick, dull and
grey-green in colour, leaflet surfaces rough and slightly
"blistered", some leaflets exhibit localised areas of
raised epidermis.

!lsanMzgs - Buds large, frequent and globular;
inflorescence and bud stalks highly coloured red-purple
and very hairy.

Raised-epidermis Variation

g‘oliggg ~ Medium height, bushy; stems numerous and
;_ leaves short; leaflets lead-coloured, "blistered",
reduoed in number and rounder than normal, opposite
leaflets often of unequal size, one being rudimentary;
secondary leaflets rudimentary or absent.
Floral Characters - Flower and bud stalks markedly
hairy

Ivy-leaf Variation /
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Ivy-leaf Variation

Foliage - Medium height, stiff, upright and lacking
cover; stems prominent; leaves short, rigid and directed
upwards, mid-ribs flattened near the temminal leaflet
which is fused with one or two pairs of lateral leaflets
giving an ivy-shaped leaf blade; leaflets glossy, rough,
"blistered" and dark-green with light-green margins

Floral charecters - Flowers not observed; buds drop

readily.

"Bindal" Variation

Foliage - similar in habit to a normal plant of the
variety but the leaflets are darker green in colour, more
glossy, narrower and more pointed; the margins are not
markedly waved; foliage tops are not "tufted" as in the
nommal plant but are flat and open.

Round, Grey-green leaflet Variation /
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Round, CGreyv-green lLeaflet Variation

Folisge ~ Medium to tall, upright with flat tops;
leaves broad giving more cover thamn normal; leaflets
glossy, grey-green, broad, thick and round, margins flat
with a tendency to curl downwards and inwards; mid-ribs
nly faintly coloured at base of leaflet stalks.

Q

Blind-top Variation

Foliage ~ Low, bushy habit like British Queen, with
flet tops and good cover; the small young leaves normally
found at stem spices are inconspicuous giving the impression
that the top of the plant has been cut away; leaflets
flat, thick, broad, glossy, dark-green and with less
waving of the margins than normal, margins are often
turned upwards to give a white outline to the leaflet,
terminal leaflets may be fused with one or both of the
penultimate pair of laterals; the tops of the stems are
malformed and several leaves arise from a common
insertion point,

Plants reach maturity about 12 days earlier then
normal.

Rasp-leaf Veriation /
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Rasp-leaf Variation

Folisge - Medium height, upright later becoming
prostrate; stems mottled red-purple; leaves short and
fairly close; leaflets light-green, curved downwards and
markedly puckered, apical leaflets narrow.

Floral characters - Flowers not observed, buds narrow

and dropping readily.

BAJESTIC

olly-leaf Variation

ge ~ Medium to low, stiff, upright; stems stiff
and slightly bronszed; leaves short, very rigid and all
directed upwards; leaflets dark-green and exceptionally
brittle breaking with the slightest pressure, directed
forwards and upwards and folded to give a sharp prickly
foliage.
Floral charscters ;
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Floral characters - Flowers not observed; buds

rudimentary

Docken-leaf Variation

Foliage ~ Medium height, erect, stiff, lacking cover;
wings marke waved; leaves fairly long and stiff, the
top leaves in particular being directed upwards, mid-ribs
of young leaves coloured red-purple; all leaflets are
lighter-green than normal end frequently fused to give =2
large leaf blade or at least one large leaflet with one
peir of small normal leaflets; secondary leaflets almost
completely absent; the lamina has a few large marginal
serrations.

Floral characters - Flowers normal but less frequent.

Rough-leaf Variation /
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Rough-leaf Variation

Foliage ~ Habit similar to normal but perhaps slightly
taller: —leaves more rigid than normal; leaflets dark-
green, broad, thick, waxy and slightly "blistered”,
leaflet veins indistinct.

Floral characters - Red-purple tinge may be observed

on the backs of the petals.

Dahlia-leaf Variation

Foliasge - Glossy, otherwise of similar habit to
normal; stems slightly more bronszed; leaves short and
stiff; leaflets very amooth and rounder than normal,
dark-green and flat, mid-ribs of top leaflets intensely

coloured red-purple.
Floral characters - Flowers normal but less frequent.

Stiff-foliage K Flat-topped Variation /
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Stirr-foll_t_!gg, Flat-topped Variation

- Medium height but more rigid than normal;
leaves short and stiff; leaflets stiff, light-green,
round like those in the variety King George, margins flat
and distinct; tops of foliage flat and compact.

F - Flowers not observed; buds
small, g , grey; sepals long, green and
bract-uh pctah unr unfold from the bud but remain

tightly roldod, the junctions of the petals show as white
lines.

Semi-spinach-leaf Variation

Foliage - In most respects this variation is similar
to the normal plant but the leaflets are small and the
terminal leaflets are characteristically fused with one or
two pairs of lateral leaflets.

Round-leaflet Variation /
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Round-leaflet Variation

Foliage - Medium height, upright, stiff; leaves short,
stiff and directed upwards; leaflets small, round, flat
with distinet margins.

leaf Variation

Foliage - Medium height, stiff, upright, lacks cover;
stems and mid-ribs coloured red-purple, nodes green;

leaves short and rigid; leaflets dark green, thick and
hairy giving a grey metallic lustre to the foliage, leaflet
margins excessively hairy particularly in the young tops.

Floral characters /
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Floral characters - Flowers fewer than normal; bud
stalks, inflorescence stalks and buds red-purple and hairy.
% o g A

Raised-epidermis Variation

Foliage - low-growing, bushy, grey-green with a leaden
lustre; leaves short, very open; leaflets broad, round,
"blistered” and sometimes partly chlorotic, opposite
leaflets frequently of unequal size, one sometimes being
only rudimentary; secondary leaflets rudimentary or absent.

Florel characters - Flowers normal but less frequent.

UP-TQ-DATE /



Ragp-leaf Variation

Folisge - Medium height, light-green, drooping,
becoming prostrate towerds maturity; leaves long and
broad; leaflets markedly curved and puckered.

Fleoral cheraciers -~ Flowers normal and fairly profuse.

Sprouts normal but rootlets smaller and less numerous
than on a normal sprout.

Docken-leaf Variation /
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Docken-leaf Variation
w‘rg%)_._h_gr- Medium height, upright, tending to sprawl
t maturity, compact with a level rosetted top; stems

robust, mottled purple particularly at bases; wings
normally straight but sometimes waved towards the tops of
the stems; leaves long, large, mid-ribs green; leaflets
light-green, large, broad and slightly puckered, terminals
exceptionally large and drooping; the leaf consists mainly
ofmmpbhhbuttmﬂyhmormpnnor ‘
lateral leaflets; secondary leaflets small and few. ‘

W-M-ml but less freguent.
This t is commonly known by the neame "Major®.
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Docken-leaf Variation

lisge ~ Habit similar to normel plant; leaves long;
leaflets large and broad, terminal leaflets fused with one
or two pairs of lateral leaflets to give dock-type leaves.
Florsl characters - Flowers not observed; buds drop

readily.

Raised-epidermis V. t

Foliage - low-growing with less cover than normal;
spices of stems malformed; leaves long end distorted;
leaflets leaden-grey in colour, mid-ribs of terminal
leaflets are flat and divide the leaflets into two unequal
parts, opposite leaflets frequently of unequal size.

Floral characters - Flowers not observed; buds
rudimentary.
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5. Distribution

The frequency with which the various foliage-aberrant
types arise in potato varieties cannot be assessed accunh‘
in the sbsence of data related to individual stocks over a
number of years, but their distribution throughout present
day commercial verieties has been determined by perusal of ;

Semi-bolters are normally observed in varieties of t!u‘}
18t early and 2nd early maturity groups, no instance being |
recorded of their appearance in maincrop varieties. The i
varieties inwunhthqmmtewmmmﬁht.;
Arran Signet, Catriona, Di Vermon, Duke of York, Eclipse,
Epicure, May Queen and Sharpe's Express. |

Bolters are more widely distributed and are found in |

all maturity groups with the exception of some late meinerop
varieties,viz., Golden Wonder, Kerr's Pink and Dunbar |
Standard. They are present in all varieties in which semi-
bolters occur and in addition in the following:- Ally, |

i

Arran Bamner, Arran Bard, Arran Peak, Craigs Defiance, |

Dargill Early, Doon Star, Dunbar Rover, Edzell Blue,
Gladstone, Great Scot, Home Guard, King Edward, Majestic,
Record, Redskin, Up~to-Date, Venguard and Witchhill.
Wildings and feathery wildings also have a wide
varietal distribution and the former have been observed in
most varieties, even in those of recent introduction. |
Feathery wildings occur in the following varieties:-

Arran Chief, /
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Arran Chief, Arran Pilot, Craigs Defiance, Di Vernon,
Doon Star, Dunbar Standerd, Eolipse, Epicure, Great Scot,
Home Cuard, Kerr's Pink, King Edward, Majeatic, May Queen,
Ninetyfold, Redskin and Sharpe's Express. l
The other variations mentioned earlier are much less y
numercus than bolter or wilding types but they are common |
all maturity classes and, being out-of-type plents which '
reproduce themselves vegetatively, are no less undesirable. ]l
Of these, the fused-lesflet types are, undoubtedly, the |
most common. Mhnbmob'a'wdintunﬂotm l
Arran Banner, Arran Consul, Arran Peak, British Queen, |
Di Vernon, Doon Star, Dunbar Rover, Dunbar Standard,

Gladstone, Kerr's Pink, Majestie, Ulster Chieftain and

Up~to-Date.

|

Veriations with leaflets which differ from the normal ;

1

byrouonotthd.rmgh. coarse and markedly wrinkled

|

Arran Pilot, Eclipse, Great Scot, Kerr's Pink, King Edward,

appearance are observed in the varieties Arran Banner,

Majestic, Redskin and Up-to-Date. |
Abnormal types of which chlorosis and malformation of |

the leaflets are characteristic features, are found in a |

1limited number of commercial varieties, €.g., in Dunbar

Archer, Eclipse, Kerr's Pink and Redskin.

C. DNeture and Cause of Veriatious /
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C. ) and Ca of a8

Although the nature of most abnormel forms in potato
varieties is still obscure, pest investigations have proved
some to be periclinal chimeras while a pathological factor
has been suggested as the cause of others. Some of the
variations discussed here were examined to determine which

are periclinal and which, if any, are conditioned by virus
infection.
Material end Methods

To determine which types are of the nature of peri-
clinal chimeras, in 1946 end 1947 attempts were made %o
recover normal plants from each by excising the "eyes" of
the tubers before planting and obtaining growth from the
jnner tissues. The technique was similar to that adopted

by Asseyeva. From a sample of 6 tubers of each, th-“qu“'
were removed to a depth which ensured, as fer as practuablﬁ,
that any subsequent growth came from the deeper tissues.
The treated tubers were placed in a mild atmosphere and |
covered with demp hessian for 48 hours to fecilitate |
suberisation of the wounds, after which they were immersed "
in demp send to encourage callus formation. The tubers |
were examined fram time to 1;1-0-mdmyn'vuwthnri.umg1"x-u1
2 bud of an incompletely excised eye was renoved prior to
planting out the tubers in the field.

The following varieties and conditions were included

in the investigation to determine whether a virus factor

was /
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was the cause of the abnormalities:-

Yariety Condition
Arrvan Pilot Bolter
King Rdward Wilding \
King Béward Rasp-leaf l
King Edward “Bindal " variation ;
Dunbar Rover Mop-top 1

Creigs Defiance Mop-top (

Viruses are conveniently transmitted from plant to phqt
by grafting end this technique was adopted in an attempt to
reproduce the above sbnormalities in previously selected |
normel plants of the same varieties. Twenty tubers of eacq
of the sbove conditions and an equivalent number of normal E
tubers were set out in pots in a greenhouse. When the !
plants emerged, scions from the aberrant forms were mfud‘
on to the corresponding normals by the top-graft method.
All plents were allowed to mature after which the produce l{
from each pot was harvested separately and stored. In
the following year, the tubers from the grafted plants were
12id out in field plots adjacent to those saved from the
plants under test. The characteristics of the resultant
phnuvmmmmmmdtowmtmm |
abnormalities had been transmitted to the normsl plents L
through the grafts. |
Results

Following tests involving excision of the tuber “eyes",
plants conforming to the normal type of the variety were
regained from the undernoted veriatiouns, signifying that

the latter are periclinal in character:-

Arran Banner /
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Arran Banner (rough leaflets)
Duke of York (sub-divided leaf)
Eeclipse privet-leaf
Great Scot dahlia-leaf
Great Scot sub~divided leaf
Kerr's Pink (raised epidermis
Redskin raised epidermis

Nommal plants were not recovered from the following
variations, therefore they are probably not periclinal
chimeras but, as it is sometimes difficult to ensure that
growth from the inner tissues has been successfully
obtained, repeated excisions may prove otherwise:-

|

|
|
|
|
|
|
l

British Queen, Kerr's Pink and Majestic (docken-leaf) |
Arran Consul, Doon Star and Dunbar Rover (lpinach-lnfi

Arran Pilot, Eclipse, Kerr's Pink, King Edward and
Up-to-Date (rasp-leaf)

King Edward (Bindal variation)

Arran Pilot (bolter)

Arran Pilot (semi-bolter)

King Baward (wilding)

King Rdward (feathery wilding)

Although all scions showed satisfactory development,
from the graft tests the results did not indicate that
viruses were concerned in the appearance of the conditions

&
|
|

examined. At no time did visible disease symptoms appear |

on any of the grafted normal plants in the greenhouse and
in the field in the succeeding year, no sbnormalities in

their foliages were apparent. McIntosh (1932, 1940) agrees

that bolters and wildings are not the results of virus
infection. Although from Rozendaal's description, the

foliage /

|
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foliage abnormalities caused by stem-mottle disease are
very similar to those characteristic of the "mop-top"
condition included in the graft tests, the two have not yet
been proved to be synonymous. One of the varieties in |
which Rozendsal has observed the disesse is Duke of York in |
which veriety the "mop-top" modification has not yet been i
noted. In the present work, transmission of the "mop-top"
abnorma lity by grafting wes unsuccessful. Roszendaal,
however, found that transmission of stem-mottle fluctuated
between 50 and 100% and was more successfully achieved in
autumn than in summer. Iuﬂnofthappmntﬁﬁtmlty!
of successful transmission further investigation is |
necessery. In 1948, the "mop~top" variation was observed

|
frequently in demonstration plots set out by the present l
writer but in 1949 it was not encountered even though the 1

|

plots in that year were derived from the progeny of the
1948 stocks. In 1948, however, the young foliages of the |
plants were severely damaged by frost in May hence, 2l

the appearance of large numbers of "mop-top" plants later |
in the season may have been fortuitous, it is tempting to |
suggest frost as a causal factor. |

D. Eractical Aspects of Variations
Frequency of Occurrence of Semi-bolters

The difficulty of eliminating semi-bolters from varieties
in which they occur is due meinly to the fact that they bear

a/
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a close resemblance to normal plants at certain stages of
growth but, in addition, they sppear to arise de nove in
crops with disconcerting regalarity. In order to assess
the spproximate rates of production of semi-bolters from
normel plants, an investigation was begun in 1946 and
continued in 1947. ‘
Material end Methods

For this work, it was necessary to procure a large
stock of normal plants, the constancy of the type of which
was assured. Preparation of the stock was begun in 1944
from specially selected plants of the variety Arren Pilot
end the selection and propagation was continued up to 1956;
In that year, a plot of 1,000 plants was leid out. During
the growing season, all plants showing characteristics
resembling those of semi-bolters were removed from the plot
and the tubers stored for planting out in the succeeding |
year alongside those of normal plants. By comparing the
foliages, the type of the "rogued" plants and the constancy
of the charscteristics were checked. In 1947, 2,000
tubers, selected from the normel plants grown in 1946 were
again planted out. Again the apperent semi-bolter types
were removed from the plot end their tubers retained for
plenting end checking in 1948.
Results

The results are summarised below:-

o fopstiemd Ko ammet B &

1946 1,000 3 3 3

1947 2,000 12 6 o3
At /
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At no time during the investigation were extreme bolter
types observed. It would seem, therefore, that semi-bolters
tend to eppear anew with greater frequency than bolters in
the variety Arran Filot and that approximately .J% of tubers
from normal plants may "mutate" to the semi-bolter condition

each season.

Materiel and Methods

The 24~ and 36-tuber plots which were set out primarily
for descriptive work were utilised to obtain some preliminary
information on the comparative cropping propeasities of
normal end aberrant types. In 1946 all plots were hlmot“
on the same day, regardless of maturity, but in 1947 and
1948 each was allowed to mature before lifting took place.
The total tuber produce of each plot was graded over
variously-sized potato riddles and the weights of tubers
in the different size-categories recorded. The plots were
not laid dowmn for the prime purpose of yield trials hence
the yields could not be statistically interpreted but the
differences were often 80 marked and so consistent that the
results are deemed to have a positive relative value.
Results

The yield figures excluding those for bolter and
wilding types are given in tables I, II and III.

Table I /
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Table I -~
Variety

Arran Pi Normal 35 4|11 O0]12 0|58 &
do. Rasp-leaf 17 11| 7 7! 8 o|3 2
Eclipse Normal 3 8|12 8|11 0|63 o
do. Rough-leaf 7 2|12 4|2, 0|43 6
do. Rasp-leaf 32 0|21 8|12 8|68 o0
British Queen|Normal 55 811 8| 7 o|l71 ©
do. Spinach-leaf 37 4|18 0|13 o|68 &
Dunbar Rover | Normal 4B 0] 1 8| 4 8|5 o0
do. Mop-top 28 0] 8 0| 8 o4 o
do. Spinach-leaf N 5110 11 5 5147 5
Doon Star Normal 7 0|l 7 8] 3 81 ©
do. Spinach-leaf 16 6|14 7|14 12|45 9
do. Ivy-leaf 5" 2|14 10| 7 5|73 1
Great Scot Normal 57T 8|13 o] 7 8|71 o
do. Sub-divided-leaf| 35 6|12 10|10 2|5 2
‘ do. Dahlia~leaf N 0] 9 0] 5 0|5 ©
| King Bdward |Normal 58 0|16 0|14 0|8 o0
do. "Bindal" 7% 12|11 7|10 6|96 9
do. Blind-top 4 0|20 8|17 8|8 o
Majestic Normal 7 0| 8 0] & 08 o0
do. Docken~leaf &, 6|11 8| 9 6|65 &
do. Rough-leaf % 9| 5 1| 3 7]85 1
Arran Consul |Normsl 64 O| 5 2| 4 O|73 2
| do. Spinach~leaf 70 14| 5 11| 3 7180 0O
Kerr's Pink |Normal 5 5|15 10|12 8|83 7

do. Many-budded,
round leaflets | 37 7125 7129 14|84 12
do. Spinach-1leaf 51 10|19 5|13 9|84 8
do. Kasp-leaf 53 0|17 0|11 8|8 8

do. Coarse grey-
leaflet 3 0] 3 4| 2 12142 0
Up-to-Da Normsal 68 0|10 8| 5 0|83 8
do. Rasp-leaf 6, 8|14 0|11 8|9 o

Date planted « 10th April.
Date harvested - 26th August.

Teble II /
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- Table II -~ - 1
Yields corrected to 24 plants per plot
Veriety to | 14" to | Under
diam. 15:. " 1*: Total
Arran Pilot 17 2|17 2122 9| 4 o0ol60 13
do. Rasp-leaf 12 0| 6 &4]119 15] 5 7143 10
do. 22 7110 7l2 1] & 3|57 2
Duke of York 13 8|10 8|21 8] 2 8|4 0
do. Sub~-divided-
12 14|16 3120 6] 3 5|52 12
Eclipse 21 2|18 o0]22 15| 2 1|64 2
do. Rough-leaf 0 O] & 14129 12|11 12|46 6
do. Rasp-leaf 25 13|18 8|2y ol 3 2|1 7
Epicure 36 4|12 8| 6 12| 1 o|5% &
do.
leaflets 18 o0j10 © 8|l 2 4l 12
British
Queen Normal 33 10|21 %) 1 8|75 14
do. Spinach-leaf 3 4|15 12] 1 4|66 0O
Dunbar Rover|Normal 47 013 M|l 1 ol715 6
do. 3% 14| 1% B 8165 11
do. Spinach-leaf 8| 9 5] 0 14|56 11
Arran Banner 80 8| 9 ol 1 14198 3
do. Rough~leaf 68 12| 6 8 4| 0 8|80 0
Arran Consul 61 12| 5 12 121 0 12|73 ©
do. Spinach-leaf 80 8| & 9 15| 0 11|90 1
Doon Star 4 13123 2 0o 1 3183 2
do. Spinach-leaf W 1112 & 2] & 3|5 10
do. Ivy-leaf 37 111% 7 15| 0 13163 &
Gladstone 33 3{15 15 %] o 1]65 1
do. Docken-leaf W 6|14 13 10| o0 13|63 10
“.
4 61 9 2 15| 2 6|36 13
Great Scot 55 8] 11 8 21 0 1217 %
do. Sub-divided-
N S o Gl 2] 3 5|80 3
do. Dahlia-leaf 7|1 8 7 10| 0 9158 1
King Bdward 45 0]18 13 6| 1 15|82 2
do. 5 14116 3 8] 1 9187 2
do. Round grey-
38 6|19 5 3] 2 15182 12
do. Blind-top 25 13/20 1 14 3 10|70 6
do. Rasp-leaf 38 13{17 6 2|l 2 8|7 13
Ma jestic 68 2]14 10 o} 1 919 5
do. Docken~-leaf 33 8|10 12 0o 1 L1 55 8
do. /
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-

Variety
Majestic Rough-leaf |30/9
do. Dahlia-leaf
do. suum
fo ’
flat top w
Redskin Normal 9
do. Rough-leaf 9
do. Raised
epidermis | 30/9
Arren Peak | Normal 30/9
do. Pused
terminals | 50/
Dunbar
Archer Normal 30/9
do. Chlorotic-
leaf 30/9
Dunbar
Standard | Normal 16/10
do. Fused-
terminal 16/10
Kerr's Pink | Normal 16/10#
do. Many-budded
md-
30/9
do. Sphnnh-hdL 16/10
do. Rasp-leaf | 30/9
do. Coarse grey-
leaflets 16/10
do. Raised-
epidermis | 16/1
éo. Ivy-leaf 30/9
Up-to-Date | Normal 16/1
do. Rasp-leaf 16/1

!hmanmeudto?bpmum;m

diam.
12
10
58 8
73 12
» o
78
61 1
55 8
8 7
3 5
38 12
51 &
0 12
27 ©
w 8
M 0
» 2
B L
35 &4
) B
53 6

hm
1}" 15 14 Total
9 6|10 11| 1 5| 81 2
8 71 8 711 1179 9
1% &1 11 12] 1 12| 86 &
12 8| 7 &| 0 6| 93 14
6 12| 5 0l 0 4l 7@ o
3 131 2 12| 4 o] 89 2
10 11| 5 8| 0 13 78 1
10 4|12 8| 1 4] 78 8
W 3.7 %Y TR
. .3 11| 0 14 58 5
16 4|12 8| 2 4| 69 12
13 6|13 1| 1 6| 85 1
15 12|13 8| 1 12| 1 12
14 512 5] 3 ou 64 10
17 2% X TR Y
12 8|1 4| 1 8/ 69 &
6 0| 5 o] o 9+ 5 11
12 4| 6 8| 0 67 &
10 12| 7 &| 0 12| 5, ©
16 5| 16 14| 2 88 10
13 14| 14 3| 2 83 10

Date planted - 8th May.
Date harvested = Date mature.

Table III /
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-1

Table III -
do. Rasp~leaf
do Mop~top
do. Rough-leaf
Di Vermon |Normal
do. Docken~leaf
Duke of York Normal
do. Sub~-divided-
leaf
Eelipse Normal
do. Rough-leaf
“- M‘h.‘
do. Privet-leaf
do. Knotted-top
do. Chlorotic-
leaf
Epicure Normal
do. Round-
leaflets
Home Guard |Normal
do. Raised-
epidermis
Ulster
Chieftain |Normal
do. Docken-leaf
do. Raised-~
epidermis
British
Queen Normal
do. Spinach~-leaf
Dunbar
Rover Normal
do. Spinach-leaf
do. Mop-top
Arran
Banner Normal
do. Rough~leaf
Arran
Consul Normal
do. Spinach-leaf
Doon Star |Normal
do. Spinach~leaf
“n Iv"l“r
Gladstone /
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Wb
0 4
W 15
17 ©
42 12
W 0
DR
B 5
54 10
2 3
57 0
3
35 b
16 1
50 8
M 12
i 0
32 8
55 0
B 4
0 4
63 15
54 12
5% 8
¥ 0
5, 12
69 13
68 12
6 0
6h 3
69 &
32 12
5 4
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Veriety Type
Gladstone |Normal 24/9 | 49
do. Docken~leaf |24/9 | 44
do. Dwarf-fo 24/9 | 23
do. Sub-divided-
leaf 24/9 | 49
do. Privet-leaf {24/9 | 22
Great Scot |Normal 13/9 | 54
do. Sub-divided-
leaf 24/9 | 34
do. Dahlia-leaf [13/9 | 42
do. Rough-leaf |24/9 6
King Edward|Normal /9 | ki
do. "Bindal® 24/9 | 51
do. Round, grey-
green leaf-
lets 24,/9 | 35
do. Blind-top [13/9 | 36
do. Rasp-leaf 13/9 | 33
Ma jestic Normal 24/9 | 63
do. Docken-leaf [13/9 | 22
do. Rough-leaf |13/9 | 48
do. Dahlia-leaf |13/9 | 37
do. Stiff, flat-
topped 24,/9 | 49
do. Semi-spinach
leaf 2,/9 | 52
do. Round-
leaflets 2,/9 | 36
do. Holly-leaf | 5/10| 11
Redskin Normal /9 | 59
do. Rough-leaf |24,/9 | 47
do. Raised-
epidermis |24/9 | 37
Arran Peak |Normal 24/9 | 48
do. Fused
terminals |24/9 | 56
Dunbar
Archer Normal 24/9 | 61
do. Chlorotic-
leaf 2,/9 | 39
Dunbar
Stendard |Normal 24/9 | 48
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Table III (Contd.)
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1
e Yields corrected to 2 plants Fm
Variety Type to |1 der
dem. | 13° | 130 | 130 |TO™
- - .
Dunbar Fused
Standard | terminals | 5/10| 56 8| 5 8| 3 0| 1 4|66
Kerr's
Pink Normal 5/10| 58 15|14 12| 7 10| 1 1|82
do. lMeny-budded,
round-
leaflets |[13/9 | 2 8|12 8|13 5| 2 12|55 1
do. Spinach-
leaf 24,/9 | 4 12]10 12| 8 12| 1 8|65 12
do. Rasp-leaf s/i0l 38 8|10 12| 9 o] 1 4|5 8
do. Coarse,
grey-
leaflets [24/9 | 25 6| 7 15| 3 4| 1 15(3% 8
do. Raised-
epidermis 5/10| 39 8|10 8| 8 8| 2 o060 8
do. Ivy-leaf 5/101 28 0| 9 8|9 o1 8|48 0
Up~to-Date | Normal 5/10| 58 8| 9 8| 6 0| 1 4|75 &
do, Rasp-leaf |[2,/9 |48 O|11 5| 8 11} 2 0|70 ©
do. Docken-leaf |24/9 | 44 10|11 3| 5 8| 0 8|61 13
Date plented - 5th April.

Date harvested = Date mature.
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The data indicate that, with a few exceptions and
where maturity is unaffected, the aberrant forms tend to be
inferior to the normals of the varieties as regards cropping
ebility. The figures for 1946, which were obtained by
harvesting the plots immature and which are given in
table I, also indicate that the normal plants produce a
heavier crop of tubers earlier in the season than do the
majority of irreguler types investigated. In certain
instances where the yield of the variation exceeds that of
the normal, the increase appears to be due to the production
of a larger number of tubers in the smaller grades which
would normally be utilised for "seed" purposes, thus
permitting repid multiplication of these types in stocks.
The consistently superior yield of the "rasp-leaf"
variation in the variety Eclipse is probably due to its
late maturity and longer growing season. Whether or not
the differences are significant, it seems unlikely that
stocks of superior cropping capacity will be obtained by
selecting and propegating such plants which do not conform
to the varietal deseription.

The date obtained from the weighings of the bolter
and wilding plots are given in tables IV, V and VI.

Table IV /
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Table IV - Tuber Yields from Nomals, Semi-bolters and Bolters - 1946

Maturity| Variety Type
ddem. | 13" 13 |Tew
1st Early |Arren Pilot | Normal 72 8115 7110 13|98 12
do. Semi~bolter 87 71/10 5| 8 4po6 0O
do. Bolter 99 12|10 8| 6 12117 ©
do. Duke of York | Normal 32 0|15 8|1 0|5 8
do. Semi-bolter 69 10(18 0| 7 3|9 13
do. Bolter 73 6[(16 10| 8 5{98 5
do. Eclipse Normal 6y 0|22 8|11 8|98 0
do. Semi-bolter 66 0|25 o012 ofio3 O
do. Bolter 67 68|25 8|12 12105 12
do. Epicure Normal 58 8|17 8| 9 o085 0O
do. Semi-bolter 7 ©Of(1 ©0{ 7 8|95 8
do. Bolter 87 oO|1 8| 3 8oz o
do. |Ninetyfold |Normal 3 4|19 8|12 o]66 12
do. Semi-bolter 81 13|20 7113 1845 5
do. Sharpe's
Express Normal 25 8|20 0|20 8|66 0
do. Semi-bolter 43 0|18 0|18 8|79 8
do. Bolter 43 10|22 15|16 1283 5
2nd Barly|Catriona Normal 45 0|24 o022 13|91 13
do. Semi~-bolter 32 15122 1022 2|77 "
do. Bolter 62 2|16 9| 9 o087 11
do. Bdzell Blue |Normal 29 13| 21 1122 14173 12
do. Bolter 5 12117 4| 9 o|& 0
Early
Maincrop [Doon Star Normal 6, 9|15 6]11 10|91 9
do. Bolter 5, 0|21 7111 1186 8
do. Wilding 0 0| 3 10|46 3|49 13
do. Feathery
Wilding 19 10{30 1413 9|8 1
do. lads Normal 66 0]20 8|12 0|98 8
do. Bolter 5 6{13 11| 6 8|70 9
do. g Bdward |Normal 50 6|2, 0|3 ofos 6
do. Bolter 5% 8|15 14|10 9|79 15
do. Wilding 3 0|3 5|33 7|9 12
LM do. "Bindal® 67 8|26 7017 7 kn 6
do. estic Normal 91 3|13 3|7 13ph12 3
do. Bolter 5 14119 1|11 2182 1
do. Redskin Normal 67 12|19 1| 5 5|92 2
. Bolter 59 10|14 1| 7 5|8 o
Date planted - 10th April.

Date harvested - 20th August.

Table V /



Table V - Tuber Yie f Norma - d -1
2 Yields corrected to 36 plants per plot
& [rature) 13 | 1 | "
Filot Hormal* 2/9| 28 1|26 3|26 7| 3 13|64 8
do. Semi-bolter|18/9 | 44 .0|24 7|20 5| & 2|92 14
do. Bolter 30/9 | 8 14|17 3| 6| 1 7 [114 1
of
York Hormal® 2/9 | 12 5|18 12|37 O] & 14 |72 15
do. Semi-bolter{11/9 | 39 7(22 1|27 10| 3 7|92 9
sl  do. Bolter 30/9 | 76 8|19 8|12 12] 5 4 |14 O
';ponpu Normal® 2/9| 18 8|23 o037 12| 3 o |8 &4
= do. Semi-bolter|11/9 | 26 0|23 6|37 13| & 10 | 91 13
o do. Bolter 16/10| 87 6|20 14|15 15| 1 7 [125 10
;mpxm Hormalx 2/9| 52 o|16 o|l11 o] 1 8|8 8
do. Semi-bolter|11/9 | 58 ©13 12| 8 4| 0 12| 80 12
do. Bolter 30/9| 78 1| 8 12| 6 6| 1 5| 9% 8
Piinetyfold|Normal* 2/9| 17 12|20 11| 9| 7 2|8 2
do. Semi-bolter|18/9 | 54 5|27 14|35 12| 5 6 {123 5
Sharpe's
Express |NommalX 29| 7 ol 8|3 4l o7t 12
do. Semi-bolter|18/9 | 11 10|20 6|47 15| 7 15 | 87 14
do. Bolter 16/10| 42 7|26 4|33 3| & 6 [106 &
>fcatriona |N 2/9| 28 1|25 0|29 6| 3 3|63 10
5 do. Semi-bolter|11/9 | 57 2|32 9|23 14| 3 13 |[117 6
= do. Bolter 16/10| 87 13|16 7|12 12| 0 15 |117 15
o [Edzell
&| Blue Normalf 29| 58 8|23 o|l25 ol &4 o8 B
o | “as.  |Bolter 16/10[132 10|14 11| 9 15| o 8 [157 12
n Star |Nommall 30/9| 59 6|20 9|18 12| 1 0] 9 11
do. Bolter 16/10ﬂ 73 11| 9 5| 7 o] 0 11| 9% N
do. Wilding 30/9| 0 14| & 6|51 1|2 6|8 5
do. Feathery
wilding [30/9 | 23 12|27 oO|42 8| & 8|97 12
g|Gladstone Normal?® 30/9| 61 5|23 10|14 15 2 o0 |101 14
g do. Bolter 16/10] 82 1|11 15| 7 2| 1 5 |102 7
*3 BEdward |Normal? 30/9| 47 8|22 4|32 12| 5 12 108 &
=l do. Bolter 16/10] 52 7|20 6|20 2| 3 7|9 6
= de. Wilding 18/9 | 22 14|22 10{45 8|10 o0 101 ©
8| de. Feathery
W wilaing [30/9 | 2% 1|16 2|30 7| 7 1|79 2
Majestic |Normall 30/9| 83 1|18 9|12 8| 2 1 |16 3
do. Bolter 16/10| 94 12| 9 12| 6 12| 1 4 |112 8
Redskin |NormalZ 30/9| 77 ©o| 6 10|10 5| 1 1]95 o0
do. Bolter 16710 75 7|16 11|10 5| 1 5 (103 12
Date planted -~ 7th May.

Date harvested = Date mature.
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Table VI - Tuber ¥ of -

)
-~
E Variety Type
2
Arran
Pilot Normal* 17/8 | 24 1019 1
do. Semi-bolter|13/9 | 59 13(18 M
do. Bolter 110 77 5|14 13
Duke of
York Normal¥ 17/ | 20 3|24 ©
do. Semi-bolter|13/9 | 67 6|22 14
> do. Bolter 1/10l127 3|13 8
% |Eclipse |Normal* 28/8 1 20 4(|27 &
! do. Semi-bolter|28/8 | 24 7|23 15
> do. Bolter 1/10] 90 10|20 8
2 |spicure |Nomel® |28/8| 68 4|16 &4
- do. Semi-bolter|28/8 | 71 &|12 &
do. Bolter 13/9 |108 8| 5 15
Ninetyfold| Normal* 28/81 59 6|17 O
do. Semi-bolter{13/9 | 89 0|26 &
Sharpe's
Express |Normal* 28/8 | 13 14|26 8
do. Semi-bolter|13/9 | 38 2|28 14
do. Bolter 1710 75 13|22 6
> |Catriona |Normald 28/8 | 36 14|27 5
3 do. Semi-bolter|28/8 | 70 O|24 8
3 do. Bolter 1/10 |102 9|16 15
o | Bdzell
& | Blue Norma¥ 28/8 | s 4|23 o0
e do. Bolter 5/10{ 53 8| 7 7
Doon Star | Normal® 2,/91 76 2{16 3
do. Bolter s5/10| 84 12|10 7
do. wilding /9| 2 12| 8 8
do. Feathery
wilding [13/9 ]| 29 12|37 O
Gladstone |Normal® 13/9| 53 0|22 8
g do. Bolter s/10| 88 o| 6 3
glhu
g Edward |Normal® 2,/9| 55 8|22 8
= do. Bolter 5/10| 53 12|19 8
> do. Wilding 2,/9 | 40 8|26 8
do. Feathery
ﬁ wilaing |[13/9| 12 0|22 10
Majestic |Normal 24,/9 {103 0|13 &
do Bolter 1/10{104 814 13
Redskin Normal® 24/9 | 84 14111 1
do. Bolter 5/10{109 2|10 2
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Provided the plants were allowed to reach maturity
before harvesting, bolters of most varieties produced
(a) a greater total weight of tubers, and (b) a greater
weight of tubers over 2" diameter than normals. Semi-
bolter yields appeared to be intermediate between these
two types. During the early part of the growing season,
however, the normals out-yielded both semi-bolters and
bolters as the figures in table IV illustrate. Those
figures were obtained by harvesting all plots on the same
day - at which time the normals of the early varieties
were nearing maturity but the remainder of the plots were
still immature - and show that while the bolters of the
early varieties had out-yielded the normals, in the main-
crop varieties, where growth was incomplete, the normals
yields had not at that time been surpassed by those of the
bolters. The yields of most commercial varieties,
therefore, could be improved by the selection and
propagation of bolter stocks but bolters have other
features less desirable such as late maturity and coarse,
unattractive tubers.

Wildings end feathery wildings are consistently poor
yielders which produce large numbers of tubers of small
size. This results in a large proportion of their produce
being distributed among the "seed" (tables V and VI) thus
providing for & high rate of increase of these types in

crops.

Rate /



Tuber Numbers,
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In 1947 and 1948, on the 8th Mey and 5th April
respectively, large plots of “MPIM““MO"WI
three types in the variety Arran Pilot were set out. |
The material for the investigation consisted of normal and
semi-bolter tubers - the former saved from the selected |
stocks used in the "Frequency" experiment, the latter
prepared by selection and propagated from 1944 to 1946 -
with the addition of a specially selected stock of bolter
tubers. Bolter plants are comparatively easy to identify
when fully grown, hence the rigorous selection necessary to
ensure uniformity and constancy of type in the normsl and
semi-bolter stocks was unnecessary in the preparation of the
bolter material. Throughout the growing season, 20 plants
of each condition were harvested at weekly intervals.

The produce of each group of plants was graded by riddle and
the weights, numbers and sizes of tubers recorded.
Results

The results are shown graphically in figures 2 to 7.
Figures 2 and 3 show that the total numbers of tubers
produced by normel and semi-bolter plants reached a maximum
in 12 to 15 weeks from the date of planting and that
thereafter, the total number of tubers remained fairly
constant. Following on the period of maximum tuber
production, the changes which apparently took place were

mainly /
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mainly changes in the sizes of the tubers already formed,
some remeining small and others increasing in size. The
weekly decreases in the mumbers of small tubers (under 1%")
subsequent to the period of maximum tuber production and
the corresponding increases in the numbers of tubers over
2" in dismeter are shown in figures 4 and 5. In the case
of the bolter plants, the same trends were observed but the
period of maximum tuber production was reached qproxiutol’y
5 weeks after that of the normal and semi-bolter plants.

|
\
|
!
|
{
|
|
i

|

The data, therefore, indicate that tuber production 1.:
not a continuous process, but that most of the tubers are
formed during the early part of the growing season. The
increase in yield of a plant from week to week in the early
period of growth, therefore, may be determined mainly by |
the rate of tuber production, but in the later period by
the rate of development of the tubers previously formed.
These observations are in agreement with the findings of
Doncaster and Gregory (1948). Although the results are
not statistically interpreted, they suggest that (a2) the
superior yields of normals and semi-bolters over the bolters
in the early season (figures 6 and 7) may be, to some extent,
the result of more rapid tuber production in the two former
types (figures 2 end 3) and (b) that the superior yield of
bolters in the late season may be due to more rapid
development of the tubers previously formed. In the
absence of more detailed work coarrelating the rate of tuber

production /
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production and development with the stage of growth of the
plants, however, the limitations of the present preliminary
investigation are realised.

The slight decreese in total weight of tubers towards
the end of the growing season (figures 6 and 7) has been '
observed on several previous occasions. Doncaster and
Gregory attribute this to the loss of water from the plant
and tubers as the foliage begins to wither. The decrease
in tuber numbers often noted towards maturity is likewise
explained by assuming that some of the small tubers are
re-absorbed as the plant ripemns. These are likely
explanations with which the present writer agrees.

Although the scope of this investigation was too |
limited to yield definite informetion regarding the optimum
time for harvesting for seed purposes, it is clearly
indicated that both the total yield and total number of
tubers, produced by bolters at the time most early maturing
varieties would be harvested (July - August), is markedly
below that of semi-bolters and normals.




DISCUSSION

|
Before attempting to describe variations or to compare

with the nommal, their cropping cspacities and general
performance under field conditions, it is first necessary
to ensure thet the material used is uniformly of the
required type. With most variations few difficulties
arise in this regard, as their foliage characteristics are
not readily confused with those of normal plants. The
differentiation of bolters and semi-bolters from normals,
however, is less easily accomplished. This is occasioned
by the facts that (a) these types are only apparent in
crops late in the season, (b) that they differ from the
normal type only in deteil and (c) that the hsbits of
normal plants can be altered, by various cultural practices

end manurial treatments, to resemble the taller habit of
the semi-bolter. In short, there is no clear line of
demarcation between the normal and semi-bolter or between
the semi-bolter and bolter. It is, therefore, only by

repeated cultivation over more than one season that the

!

|

|

uniformity of stocks can be established. ‘
It has been shown that most sbnormal forms tend to ;
produce smaller tubers and give poorer yields than normal |
plants. During grading operations, the produce of these |
sberrant types becomes distributed emong the main bulk of |

the "seed” and as the various conditions are carried over

to /
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to the progeny by vegetative propagation, they appear
naturally in increasing numbers in successive crops.

The fact that a crop is completely free from variations,
in any one year, cannot be taken as an indication that
the same desirable condition will hold in succeeding
seasons.  These veriations arise spontaneously in crops
and it has been shown in an earlier section that the semi-
bolter type may arise de novo to the extent of .3%.

While the mechanism responsible for the appearance of
variations remains obscure, Whitehead, McIntosh and
Findlay (1945) suggested that variations may be induced
10 occur in crops as & result of injury to the tuber
"eyes®™. This theory has been accepted by Bewell of the
Canadian Department of uuouitu-, who (in a privete
communication) stated that normal end giant hill stems had
been observed emerging from the same sett end that there
was a distinct difference in the tuber types obtained from |
the normal and giant hill stems of the same seed tuber.
Both normal and bolter stems have been observed by the
present writer emerging from the seme seed tuber in the
varieties Gladstone and King Edward. The tubers from the
individual stems, when harvested and planted separately in
the following year, gave rise to both normal and bolter

plants. No confirmatory evidence is available in wppertj
of this hypothesis and more research on the subject is :
required, but as variations can be produced artificially |
)
|

vy /
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by excising the "eyes" of normal tubers, the explanation '
|
given may prove correct. To some, the problem may not |
appear serious and it is admitted that many variations
have not yet appeared in such guantity as to cause serious
alarm, but to the seed potato grower much trouble and
expense is brought about by the regular appearance of
bolters, semi-bolters and wildings in crops. The questi

of the effect of surface diseases such as skinspot
(Qospora pustulans) end corky sceb (Spongospora sub
on the cccurrence of variations also requires to be
investigated. Such fungi frequently attack the tuber
"eyes", killing the buds completely and often resulting
in the formation of callus growths similar to those
obtained when the tuber "eyes" are excised. If such
factors be concerned then, obviously, the frequency of
occurrence of out-of-type plants will vary with the
incidence of the causative disease.

In the improvement of potato stocks by plant
selection, the choice of pleants is normally decided by

appearsnce and the type selected is an important factor |
if a high yielding stock is to be obtained. There are, ;
however, other aspects which receive little attention and
about which information is seriously lacking. Are thoro,;
for instance, differences in prolificness between
apparently "normal” pleants of the same variety, end are
these differences related to seasonal growth conditions?

|
|
F
it/ |
|
|
|
|
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If one accepts the statement that & gradation of bolter
types occurs between the normal and the extreme bolter,
even although only one intermediate type, the semi-bolter,
is at present recognised, then it is logical to assume
that some types exist which are physiologically different
but which so closely resemble the normal forms as to be
indistinguishable from them by eye. The second question
has a direct practical bearing on the present system of
rejuvenating crops by raising stocks from single plants
since, if individual "normel" plants differ in their
requirements of conditions for maximum production, as
practical experience suggests, then the raising of potato
stocks from single plants may have disadvantages and to
ensure a satisfactory crop under all conditions, stocks
derived fron mixed individuals may prove more satisfactory




Many foliage variations occurring naturally in potato
crops are described and illustrated.

Their varietal distribution is discussed.

The nature of some abnormal types is iuv.utiptol
and those of a periclinal chimerical nature noted.

The rate of mutation, of tubers from normal plants,
to the semi-bolter condition is investigated and
provisionally noted at .3{ in the veriety Arran
Pilot.

The yields of varistions, excepting bolter and semi-
bolter types, are noted as being generally
inferior to those of normal plants.

A comparison of the cropping capacities of normals,
semi-bolters and bolters is made and the rates of
tuber production discussed.
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The scheme for the inspection of potato crops was
first introduced in Scotland in 1918, by the Board (now
Department) of Agriculture for Scotland, with a view to
providing an adequate supply of reasonably pure stocks
of potato varieties. It was not until 1932 that general
health grading was begun and virus diseases taken into
consideration in the award of crop certificates. At
first, only the severe virus diseases such as leaf-roll
and severe mosaic were included. From 1932 to 1936 the
main improvement made in the scheme consisted of a
lowering of the permitted tolersnce of these diseases.
u19n,uum1mo¢.n~udn-rm§omu,
mild mosaic was first introduced into the disease
standards and officially recognised. From 1937 up to
the present time the regulations governing the issue of
health certificates have been gradually made more
stringent in order to effect further improvements in
the health of commercial potate stocks.

In all potato crop certification work, the virus
disease content of the crops is assessed by visual
examination of the plants. In this regard, inspectors
recognise four grades of mild mosaic, viz., negligible
mottle - which is disregarded for certification purposes -
mild mosaic (lower limit), mild mosaic, and mild mosaic

(upper /
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(upper limit). While the lower and upper limits are
fixed degrees of severity, the designation "mild mosaic”
includes a limited range of severity between these two
extremes. Diseases showing symptoms more severe than
those in the last-mentioned category are classed es |
severe mosaic. 1

The classification of diseases according to the
severity of the symptoms seen may be open to oriticism
in the light of present day knowledge, but from the point |
of view of the working of a practical scheme, there is
little room for improvement end it has been shown that
the severity of the symptoms is a reasonable guide to the
reduction in yield which the presence of the disease will
ceuse. Scott (1941) has shown that infections with mild
viruses or mild strains of virus may result in the yield
of ware potatoes being reduced by from 16 to 40 per cent.
Severe mosaeic is shown to reduce ware yields by from |
40 to 85 per cent. while leef-roll results in a reduction
in the ware of 75 to 50 per cent.

The operation of the potato inspection scheme has
resulted in a marked change in the proportion of virus-
infected plants in commercial crops. The scheme has
served a useful purpose by reducing the incidence of
severe diseases such as severe mosaic and leaf-roll and
by removing the sources of further infection. As the
symptons of mild infections are less easily seen,

however, /
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however, oonl_t-nt roguing of the more obvious diseased
plants has resulted, unfortunately, in the unintentional
selection of mild virus strains in the majority of
commercial seed stocks.

The mein weskness now spparent, in such a scheme,
is seen &8s & direct result of this unintentional
selection. As the mild symptoms of infection are
unstable and often difficult to observe, differences in
tbwlﬁmm«nwmwwubumof
frequent occurrence. This is a most serious ceuse of
discontent among growers who, often wrongly, attribute
the differences to variation in the disease standards
applied by the inspectors. It would seem that this
mlymtmtomstmultbm&ot
potuwutoohunbommtmcndtothutﬂuof
.Mmmumurmumwmu.ma
by visual inspection of the crops.

Improvements, however, csn be accomplished in two

|

ways (2) by breeding immune or field-immune varieties and '

(b) by producing virus-free stocks from greenhouse

tested plants. The former method is e long-term project |

which brings no quick solution to the present problem,
but it ummumoquvazupm
satisfactory and permaenent results. The propagetion of

stocks from virus-tested units also must be comparatively

slow in effect. The success of this method depends on

a/
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a continual release of tested material to the growers
since fresh infections will make their appearance in the
field stocks. In the meantime, for the majority of
growers, roguing and plant selection remin the only
practical methods of improving the health of their
potato orops but in dealing with the milder types of
infection, great care must be exercised. Vhile roguing
and selection are wmlikely to be completely satisfactory.
the repeated removal of visibly diseased plants must
lead to an improvement in the health of stocks
particularly if attention is paid to the factors
responsible for variations in symptoms. It was with a
view to furthering this knowledge that the presemt
investigation was undertaken.

One of the main factors leading to weaknesses in

the present system of grading crops by visual examination

is the existence of strains of virus X each of which my
differ in the type and severity of symptom produced.
Bawden (1946) states that "different strains my cause
such dissinilar symptoms in the same plant, that from
the appearance of the plants alone, one would not
suspect any relationship”. On the other hand, different
viruses may produce similar disease symptoms (Bawden

and Sheffield, 1944). The number of strains of
virus X is doubtful, but Kohler (1949) puts the

figure at 40. Purther changes in symptoms occur as a

result /
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result of the wnstable nature of virus X itself.
Mutants of the virus may arise from time to time, hence
the appearance of diseased plants in a orop need not be
the result of fresh infections, but may be caused by
the segregation of a more virulent form from the virus
previously present in the plants.

Minor difficulties in diagnosing virus symptoms may
arise as a result of non-virus factors, such as frost or
mineral unbalance, simulating disease symptoms. Such
ocourrences, however, would appear to be rare and in the
fourteen years' experience of the writer of erop
inspection work, only once has difficulty arisen through
this cause. Cockerham (in a private communication) has
mentioned one instance of the appearance of mosaic-like
symptons on a orop of Arran Pilot in 1931 and expressed
the opinion thet frost was the causal agent. McKay and
Clinch (1945) have more recently produced circumstantial
evidence of frost injury simulating virus mottles.
They quote instances of orops. derived from certified
seed, showing wholesale mottling of the foliages and
indicate that this may have been due to the effect of
near-zero or below-zero temperatures since glasshouse
tests showed the affected plants to be free from virus
or, in some instances, to contain only a very mild strain
of virus X such as would be wnlikely to result in the

appearance of the severe symptoms seen. Other instances

of /
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of non-virus factors - meinly of a manurial nature -

causing mottling or rolling of the leaves of plants, have “

been recorded by various workers, notably Owen (1937),
Rigot (1947), Dennis (1948) snd Hanley (1949).

The apparent differences in the disease content of
potato stocks of the same origin end the apparent
varistions in the standards applied by inspectors in
Mutbcxmmuﬂutomgothcmm
mentioned. Amongst these are (a) differences in the
efficiency with which roguing is carried out, (b) the
effects of different enviromments under which the crops
are gromn and (¢) differences in cultural methods used
in producing the crops, e.g. time of planting, etc.

It is understendable that the differences between stocks
grown from similar seed may be the result of efficient
roguing on the one hand and inefficient roguing on the

other. The effects of environment and cultural pmuou"

on the apperent disease content of crops, however, are not
well understood. The present work, therefore, has been

undertaken to obtain further informetion on these rwtcn.i

The general effect of environment in causing symptoms

to vary in severity, has been noted often but specific
details are difficult to find in the literature. In
1947, a preliminary experiment was conducted, by the
writer, to show that environment was responsible for
apparent differences in the mosaic content of potato

erops /
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crops grown from the same seed. A consignment of
Majestic grade “H" seed was divided up and planted on
six different farms in the counties of Angus and
Kincardine. The differences at any one time in the ‘
amounts of visible mottle and mosaic, between the six |
cntm,mm-mdnwuhohuthmi
disease contents were fairly similar. The following !
Yyear, when samples from each crop were grown together !
at the one centre, the percentages of visible mosaic were ‘
reasonably similar for all progenies regardless of date :
of examinetion. The results are given briefly below
in Taebles VII and VIII.

Table VII
“Maximum % % on

location of during season 21st August

i TN 1 2 1 2
Forfar 96 2, 52 1
Pettercaim 93 27 81 27
Arbroath 90 26 58 18
Brechin 99 28 29 25
Menouir 90 28 5l 1%
Carnoustie | 13 72 13

Zeble VIII /
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Zsble VIII
S Sy of Meaximum ; observed ?u on
Crop, 1948 Stock W . 2
East Craigs | Forfer 55 14 1 10
» ¢ Fettercairn &3 12 40 12
. . Arbroath 63 16 52 | 16
. - Brechin 54 1 42 1
» . Menmuir 76 23 50 22
" - Carnoustie 72 18 &7 14

1 =% all mottles
2 = % mild mosaic
Davidson (1933) states that symptoms of mosaic

infection are more clearly seen during periods of moist
cloudy weather and that bright sunshine may completely
mask virus mottles. It is uncertain whether this writer
is referring to the difficulty of observing symptoms in
bright sunshine or whether he suggests that the mottles
actually become less severe and disappear altogether.
However, as sunshine and air temperature are closely
linked, it will be seen from the present investigation,
that the latter is to be expected. In India, Vasudeva
(1947) has observed that diseased plants may cease to show
symptoms for a time but that later, symptoms may appear.
Some preliminary work on the environmental effect on

symptoms /
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symptoms has been conducted by Matthews (1949) who
concludes that the factors concerned can cause variations
in symptoms which sre only equalled by the different
manifestations of symptom severity resulting from the l
effect of different strains of virus. i

From the work of others, it is observed that the
symptoms of leef-roll infection also are dependent on |
environmental factors for their true manifestation. f
Felton (1948) has shown that certain combinations of |
temperature and moisture may influence the time of
appearsnce of symptoms and even mask the symptoms. It
is shown that at temperatures around 60°F. to 70°F.,
leaf-roll symptoms appear quicker in wet than in dry |
soils. When temperatures are sbmormally high, the |
appearance of symptoms may be delayed in plants grown on
wet soils while those on dry soils may not show symptoms
at any time.

leaf-roll symptoms not resulting from virus infection
have been the subject of a study by Le Clerg (1944) who
mentions the difficulty of differentiating virus leaf-roll
from non-virus leaf-roll towards the latter half of the
groving season. He suggests that non-virus leaf-roll
may be a heritable charascter but that the expression of
rolling on the leaves mey be dependent on environmental
fectors. Although this statement is not based on factual
data, it seems to bear out cbservations made by crop

inspectors /
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inspectors in this country during the summer inspections
of potato crops. [False-rolling is frequently encountered
and seems t0 be a feature of certain varieties of which
Gladstone is the best knom. The condition is not
always observed and is most prevalent in certain years ;
and on certain soils particularly when dry conditions
prevail.

The mechanism responsible for variations in symptoms
is unknown and attempts to explain it are purely |
speculative. From the practical point of view, however,
the nature of the process may not be of great importance
but it would seem to merit investigation.




MATERTAL AND METHODS

The objectives aimed at in this investigation may be
stated generally as follows:-
(a) to exsmine the effect of climatic factors on
leaf-roll and mosaic symptoms.
(b)umm.rrouoranaphmmumul
disease symptoms and to correlate the symptoms
with the age and stage of growth of the plants.
(e) to exemine the effect of shading on disease
symptoms .
M-mmpmmcfﬁocmt, the
variety of poteto chosen was Majestic. There are three
main reasons for this choice. Firstly, the variety is
extremely popular with growers and widely cultivated.
Secondly, it is susceptible to the leaf-roll virus snd to
virus X. The latter virus is meinly responsible for the
mosaic diseases and exists in 2 number of strains which
produce symptoms ranging from mild mottles to severe
mosaics all of which are clearly expressed in Majestic.
Diseases - As aforementioned, the diseases investigated
are the virus diseases, leaf-roll and mosaic. Symptoms of
the former are reasonably steble and uniform when fully
expressed, but the latter exhibits a range of severity of

symptoms depending on the perticular strein of the virus
concerned. For test purposes, the different severities of

mosaic /
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mosaic symptoms, ranging from slight to severe, were given
the following designations:-

negligible mottle

mild mosaic (lower limit)
. mild mosaic

.  mild mosaic (upper limit)
. severe mosaic.

These are in keeping with the standards of symptom

severity applied in grading crops for health under the
scheme of the Department of Agriculture for Scotland.

Healthy plants derived from tubers, previously tested
and found to be free from virus infection, were used as
controls.

Selection of Material - During the summer of 1946
material for this investigation was selected from field
crops of the variety Majestic. The selections included
specimens of leaf-roll and a series of plants showing
different severities of mosaic infection. Two types of
symptom are generally recognised in leaf-roll (a) primery
symptons which are observed only during the growing season
in which the plants first became infected and (b) secondary
symptoms which appear each year thereafter. As the
selections were made a year prior to that of the commence-
ment of the investigation, it will be understood that
throughout the investigation the leaf-roll symptoms
discussed are of the latter type. The choice of mosaic-
infected plants was decided by visual examination and no
attempt was made to select according to the specifie

viruses /
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viruses or virus strains present in the plants although
the moseic symptoms were almost certainly due to virus X.
The material selected in 1946 became the foundation of the
whole of the investigation although fresh selections were
-armznmu1937m1mmmm-i
with leaf-roll had taken place. |
Treatment - As no two tubers can be assumed to be ‘
alike in virus content even though derived from the same
plant, each tuber to be planted was cut into J parts in
orderthat the corresponding plants in the various plots
could be developed from portions of the same parent tuber
and, therefore, would be comparable. To ensure that the
seed pieces were as nearly alike as possible, the cuts |
were made longitudinally from rose-end to heel-end in luch
a way that each portion wes approximately of equal size and
weight and had approximately the same number of eyes ‘
although, in previous preliminary experiments, it was
obsmodﬁntporﬂ.oud‘tblmmhonmm.pn‘
rise to plants with disease symptoms which, from visual
examination, appeared to be similar. The possibility of
spread of virus from tuber to tuber by the cutting knife |
was elininated by sterilising the blade after each cutting.
Each cut tuber was placed in a partitioned box and separated
from its neighbours by sterile paper sheets. The cut
pieces were prevented from drying-out by leaving a "hinge"
of tissue uncut which served to hold the three parts of the

tuber /
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tuber together, until plenting time when they were broken
epart. On completion of the cutting, the seed pieces were
covered with demp sacking for 48 hours to facilitate
healing of the wounds, then set aside to sprout. During
the prepsration of the material, the cut portions of the
tubers were given identification marks. This enabled
planting to be carried out in such a way that, during the
growing season, the origin of each plant was known end
plants derived from pieces of the same parent tuber could
be compared.

Flot lay-out - In conducting the investigation into
climatic effect in 1947, a series of plots was laid down et
East Craigs, Corstorphine, and replicates planted at Boghall
Farm, lothianbum snd Sweethope, Musselburgh. The cor-
responding plants at each centre were derived from portions
of the same tuber. These sites were chosen as being
sufficiently far apert to show some differences in climatic
conditions while being close enocugh to enable the plants to
be examined weekly and on the same day. The weather
records for the three centres proved remarkably similar.
Soil samples from each centre were snalysed and menurial
mixtures applied, at planting time, in such quantities as
to make the msnurial content of the soils as nearly alike
as possible. It is realised that no two soils are alike
or can be made identical by the application of fertilisers
but as long as no serious deficiency existed at any one

place, /
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place, the interference with plant symptoms was estimated
to be negligible. In 1948 and 1949, the plots were
located at Bast Craigs only.

To investigate the effect of date of pleanting, age of
plant nd stage of growth on disease symptoms, ouhprdonf
of the same tuber was planted at the same centre but in
separate plots and at different times. The same procedure
was adopted in examining the effect of shade, except that
all portions of the same tuber were planted at the same
time and two of the three series of plots later shaded, the
third being used as a control. ‘

All the disease categories, previously mentioned, i
together with healthy controls were included in the plots |
in 1947 and 1948, 6 tubers of each category being used.

In 1949, the groups classified as “mild mosaic (upper
limit)" and "severe mosaic" were omitted, since the
symptoms exhibited were too severe to emable variations to
be recognisable. Each year, all plots were planted on thoT
seme day except, of course, those concerned with different
times of planting. The planting plans given in figure 8 |
will serve to make the lay-out clear.

$ -~ In making symptom
obgervations on mosaic plants, particularly in different

localities, the difficulty of making an accurate comparison
was foreseen. To obviate this difficulty, “standerd
mosaic diagrams" were prepared. These diagrams, numbered

1/



110.

1 to 6, showed pictorially, the warious severities of
mosaic and could be carried from place to place thus
ensuring that a uniform standard of symptom severity was
applied in making comparisons. Elaborate notes were
dispensed with in favour of tabulated charts on which were
entered numbers from 1 to 6 according to the severity of |
symptom indicated by the appropriate diagram. As the
disease symptoms in any mosaic group did not differ sub-
stantially in appearance between plants, it is not prqmudf
to set down the results for each of the plants exemined |
during the investigation (1,400), but specific figures
indicative of the results obtained will be given. In the
case of leaf-roll where symptoms are more uniform, charts
were not required and only 4 stages in the development of
the disease (indicated by the numbers 1 to 4) were
recognised. In order to eliminate the personal element
involved, the decisions of the writer were recorded by a
second person thus making reference to previous notes
impossible.

Neteorological Dets - Rainfall, humidity, sir and
soil temperature records for each locality in which plots
were grown, were kept, the data for Boghall and Musselburgh
being augnented by information kindly supplied by H.M.

Meteorological Office, Edinburgh.
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1. To Examine Environmental Effect:-
a) lay-out as above.

b) 1947 - A = East Craigs; B = Boghall;
C = Musselburgh.

1948 and 1949 -~ A, B and C at East Craigs.
e) The corresponding plants in each disease
category were derived from portions of
the same tuber, e.g. in negligible mottle
group A1 = B1 = C1 eto.
2. To Exsmine Date of Planting Effect:-
a) lay-out as above.
b) A = early planted plots )
Series A, B emnd C
B = mid-planted plots planted at same
centre
C = late planted plots
¢) The corresponding plants were derived as
explained in 1. above.
3. To Exsmine Shading Bffect:-
a) lay-out as above.
b) Series A and B shaded. Series C - control.
¢) Only 3 tubers of esch disease category used
instead of 6.
d) The corresponding plants were derived as

explained in 1. sbove.




:
—y - -
Y EN NS
SEEERE
EESARE
THAEFER
o e et 2
bl
it ad—

‘(Ox‘ii >

-t 4

!*i*a
Y...
1

HumiD17Y

RAa/nFaLl

SoilL Temp

b bod R 5 4

o *zu

Y

EX]



»——l L.Lq+l 0‘- l. :l— I-' ,-; i*lI ' v‘o + - 1 ‘k"l
';{'f‘ | E :% H *"Jiﬁt”}”i{ IANESE0SRSCaE
.: ..... }JT":':t'; ,',i .......... ~‘
nans SEARESE . CuL o..mrmnmcm(mmm.)wu. aEE
: f—+~4 :
. I JT,
' ' . ;
: S RS v
June oy “Fugust Sept..

oK

-

S5

7s
NS,

MaxiMum Temp.

MEAN TEMP,

MINIMUM  TEMP.

HYMiD/TY

RAINFALL

SOIL TEMP.




Fig. 11 - WEATHER RECORD [ MUSSELBURGH) 1947.
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Fig. 12 - WEATHER RECORD (EAST CRAICS) 1948.
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This experiment was conducted to examine the effect
of certain climatic factors on the disease symptoms of
plants affected with leaf-roll and mosaic viruses. The
method of planting is shown in figure 8. 3ix tubers of
each of the mossic disease categeries, previously mentioned,
with the addition of leaf-roll end healthy controls, were
each cut into 3 portions. In 1947 one portion of each ‘
tuber vas planted at Bast Craigs, the remaining two pieces
being plented in replicate plots at Boghall and qulhrq.
The preparation of the seed pieces and the plot area has
already been described under "Material and Methods".

In 1948 and 1949 one centre only was utilised in which case
all 3 pieces of each of the cut tubers were planted in the
same area but in 3 separate plots, however, as no signifi-
cant differences in symptoms were appsrent between the i
related mosaic plants, only one set of results are given. |
Weekly notes on the disease symptoms showing on the various
groups of plants were made. During the course of the
experinent, records of air temperature, soil temperature,
rainfall and humidity were made. These data are shown in
the graphs at figures 9-13.

For leaf-roll, the degrees of severity or the progress
stages of the symptoms were indicated by the figures 1 to 4.

The /
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The figure 1 was used to indicate very slight symptoms.
Here the plants showed only an wnnatural rigidity of the
apical leaves which were carried stiffly upwards. The
figure 2 was used where the symptoms were moderate in |
severity as shown by rigid top foliage on the plants and a !
diffuse yellow colouring on the apical leaves. Where the ‘
symptoms were severe as shown by stiffness and yellowing ofE
the top foliage together with slight upward rolling of the 1
edges of the leaflets of basal leaves of the plants, the |
figure 3 was used. Pimbinﬁutodvuymm.
In this cese all the previous symptoms were accentuated and
the basal leaflets were markedly rolled and carried stitfly“
upwards. |

To cover the wider range of symptoms in the Mc
infected pleants, the different degrees of severity were
indicated by the figures 1 to 6 where 1 indicated an almost
invisible mottle, 6 very severe mottling snd distortion of |
the leaflets, and figures 2 to 5 the various stages of
mottle and/or distortion falling between the two extremes. |
leef-roll

The symptoms appearing on the leaf-roll infected
plente are given in Tebles IX end X.

Table IX /
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Flot C
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Table IX - Symptoms on Leaf-roll Infected Flants

Date

drefugeuogneen

.mw.m...m...

The figures in Tables IX, X, XIV, XV and XXI are used

to indicate the degree of severity, the extremes

1 - "very slight" (slightly rigid) and

4 - “very severe" (complete rolling of lower

being:~

leaflets and stiffness and yellowing of apical

foliage).

The figure O indicates that no symptoms

Blank spaces

were apparent on the date examined.

indicate that the plants had not emerged.

x/
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Table X -~
Symptons on Leaf-roll Infected Plants at Bast Craigs

e 1:;;1 Zan s
1948
June 22 {111 ] 1rlolohp |11
v 28 | 2|z|2l2]2]2 | 2]12]2]2|2]2 | 2|2 2
July 6 | 31313121213 | 3{3|3|2{313 | 31313133
A3 | bfbll )bl | lalhlbhls )b
" 19 INININENIN N
1959
June 13 | Ofojojojofof ojojojolofo |ol0
LI SR AR RN/ LB PN TR A P8 D U T T N TN
July 13 | &bl |bll | &4 bbb b |44
LI T S P PN VS PR P I PN N O ) T N PR
L0 NS IS %) P U O I P P O 1) R N 0 b

The tables show that in 1947 and 1948 the symptoms |
incressed in intensity during the first three weeks of
observation at each centre and that there were no marked
differences between the centres or between related plants
at the same centre (Bast Craigs 1948). At all centres
the stage of full development of secondary leaf-roll
(grade 4) was reached in 4 weeks from the time of
emergence of the plants and was maintained thus to the
end of the season. In 1949 the intermediate severities
of symptoms were not observed but as two weeks elapsed
between the first and second observations, such symptoms
may have appeared though only for a short time. Apart
from a gradual increase in symptom severity, no
variations in symptoms were observed although fluctuations
in air temperature, s0il temperature and rainfall occurred.

Reference /
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Ref'erence to the data for plots grown at East Craigs
during the three years of the experiment, shows a
difference in the time of appearsnce and rate of develop-
ment of symptoms between the years. These differences
are clearly shown in Table XI.

Table XI - Yearly Differences

Weeks from
Date planting to
Year Planted appeareance Progress of Symptoms
of full
Symptoms
1947 |15th May 8 - 23 3
1948 |14th April 12 1 2 3
1949 |19th April 9 - 1=4 4

In 1547 the development of symptoms from nothing
visible to stage 4 ocoupied a period of 4 weeks. In |
1948 the symptom severity rose from stage 1 to stage 4 in
the same period of time. In 1949, however, the symptom
severity inoreased more rapidly rising from nothing |
visible to full secondary symptoms in only two weeks.
Conclusions - The meteorological data given in the graphs
in figures 9-13 seem to indicate that conditions existing
during 1949 were more suited to rapid plant growth than
were the conditions during the 1947 and 1948 growing
seasons when the air and soil temperatures were somewhat
lower.

It would seem, indeed, that climatic conditions,
through their effect on growth and development of the
potato plant, may ceuse marked seasonal variations in the
time of onset of typical secondary leaf-roll and also hnu;
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a retarding or accelerating effect on the progress of
symptom development. After symptoms ere well established,
however, the typical grade 4 symptoms appear to be
unaffected by day to day changes in the weather.

losaic
The results of the observations made on the various

categories of mosaic infected plants are givem in Tables
XII and XIII.

Table XII - Symptoms on Mosaic Infected Plants

Bast
o [ B '3 34’
- o
we |2, [33]7 [H ],
K- 5 T R k4 E-
AR e L
| = g2~ 3 |88
19547
June 24 0 0 1 5 6
July 1 1 1 2 5 6
w 8 1 2 3 5 [
- 15 0 1 3 5 6
. 22 1 1 3 5 6
. 29 2 3 N 5 6
Aug. 5 1 2 4 5 6
" 42 1 2 3 5 3
NS | 3 3 L 5 6
* 26 2 3 3 5 6
Sept. 2 2 1 3 5 4
. 9 2 3 N 5 6
e Ea el B
~— CJ
(1948
June 22 0 1 2 5 6
.- 28 1 2 3 5 3
July 6 2 3 3 5 6
" -y 2 3 3 6 6
" 19 3 3 4 6 6
"~ 26 3 3 L 6 6
g. 3 2 3 N 6 6
" 10 N L N 6 6
® bl b VBN W 6 6
1949
June 13 (4] 1 1 - -
LR 0 ¢) 0 - -
July 13 0 3 3 * -
" 49 0 I 3 - -
‘«. 0 3 3 - -
Mg, 2 0 4 3 - -
" 16 [*] L 3 -~ -
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The figures shown in Tables XII, XIII, XVII, XVIII

and XIX indicate the degree of severity, the extremes

being:-

1 = "very slight mottle" and 6 - "very severe

The

mottle accompanied by puckering of the leaflets".

A blank space indicates

figure 0 indicates no symptoms.

that the plants had not emerged.

Table XIII - Symptoms on Mosaic

Infected Plants

-

oTesOR
210408 \O \D\D L0 \O \D D \D \D 0 \D D \0 0 WD VOO0V WD
Kwﬁwau.wﬂ”“# 5555555555555L U U0 U B0 U0 I 10 1
OTESO PITN] N MNN 3.3 34 3333 w OF 1O ) B g 0\ ) B
w“wwxuwmma: O v v NN N S 2 3 m R L LT
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1947
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July
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L
The /
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The closest correlation was observed when air
temperature and symptom severity were compared. Soil
temperature and rainfall appeared to have little effect
on the symptoms although those two factors at times |
showed a certain correlation with the air temperature |
which is, no doubt, partly determined by the temperature |
of the soil and the smount of rain falling. Repetition |
of the experiment, using equipment which would permit of
these factors being controlled independently of each other,
would probably show further correlations.

If the air temperature curves are compared with the
mosaic figures listed in Tables XII and XIII, the effect
of air temperature fluctuations on the symptoms of mosaic |
diseased plants will be seen. In the early stages of
growth when the plants were only a few inches high,
examination of the symptoms was difficult since the
leaves were not completely unfolded and results, thetcforo,
were not very reliable. As the plants became better
established, however, the symptoms were easier to detect
by visual examination.

Considering, first, the results obtained on the plots
located at Bast Craigs in 1947 (Table XII) it was observed
that a fall in the air temperature between the 24th June
and the 8th July correaponded with an increase in the
severity of symptoms on plants in the "negligible mottle",
“mild mosaic (lower limit)" and'mild mosaic" categories.

Symptoms /
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Symptoms of a more severe type showed no perceptible
change. Between the Oth and 15th July the temperatures
rose steeply. This was reflected in the reduction of
symptoms on the plants particularly in the lowest grade
of mosaic where the symptoms completely disappeared.
During the week ended 22nd July, the temperature dropped
Mnmotlmmmoburnduthepm-i
hthlmctm'im.wwnhwrmhj
the severity of symptoms on the other groups of plants.
As the temperature continued to drop, honnr,tlud'toctj
became visible on the "mild mosaic" group of plants also. ‘
The rise of temperature between the 29th July and the
12th August again resulted in a falling off of symptoms,
but the fall in temperature during the following week
caused a reappearance of stronger symptoms. From the \
middle of August until the end of September, there were
minor fluctuations in temperature but the general trend
was one of steady decrease until the end of the month.
During this time, the symptoms showed little variation.
The plants were then fairly mature and showing signs of
ripahg.'

During the investigations of 1948, a similar
correlation between air temperature and mosaic symptoms
was observed. From the 28th June to the 6th July, the
symptoms on the plants showed a gradual increase in

severity. This corresponded with a drop of 5°F. in the

average /
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average weekly maximum temperature. The gradual rise

in temperature up to the 26th July appeared to have little
effect on the symptoms but those on the milder infected
plants were reduced during the week ended 2nd August when
the temperature rose steeply. This was followed by an i
increase in the severity of the symptoms during the .
following week when the mean temperature dropped almost |
9°F. A slight rise in temperature between the 9th and |
16th August resulted in a lessening of the symptoms on
plants with mild virus infections, by which time the |
plants were ripening and the yellowing of the foliages
made the identification of mosaic difficult and further
observations unreliable.

In 1949, the summer temperatures were comparatively
high and it was observed that &t no time during the
season did mosaic symptoms, however mild, appear on any
of the plants originally classed in the "negligible
mottle" category. The slight symptoms which were
apparent on the plents in the "mild mosaic" group
completely disappeared between the 1Jth and 27th Jume.
During this period, the air temperature had risen
considersbly snd the average maximum temperature for the
week had reached 73°F. By the 19th July severe symptoms
had appeared on msny of the plants corresponding to a
drop in temperature. For the remainder of the growing
season the symptoms remained fairly stable and the plants

ripened /
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ripened off early on account of the dry conditions
prevailing.

During 1947, apart fram minor differences, the
weather data recorded at Boghall and Musselburgh were
remarkably similar to those noted at East Craigs. At
these centres, the effect of temperature fluctuations on
mosaic symptoms was again evident although the variations
in symptoms were less marked. Again the greatest
variation appeared in the less severely infected plants.
The cheanges in symptoms were often so slight that,
although apparent to the eye, they were difficult to
record by means of the standard figures used throughout
the experiment.

At Musselburgh, the open sandy nature of the soil
resulted in the plants suffering from drought during the
latter part of the season and as the plants became limp
end difficult to examine, the observations were
discontinued.

Conclusions - During the course of the investigatiom,

it was evident that clim tic changes had a much greater
influence on mosaic symptoms than on leaf-roll symptoms.
The symptoms of the latter disease, once established, did
not vary with climatic conditions but mosaic symptoms
eppeared to be much less stable. It is noted from the
results obtained that high air temperatures tended to
suppress mosaic symptoms while the symptoms appeared to

increase /
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increase in intensity as a result of a drop in temperature.
The figures also show that the milder symptoms were more
sub ject to variation, as a result of fluctuating air
temperatures, than were those of the more severe
infections. Whether the changes in symptoms coincided
with, or followed af'ter a time, the fluctuations in

temperature was not ascertained in the present investi-
gation as records were made only at weekly intervals.
When observing symptoms of mosaic, it was noted that the
variations in the severity of symptoms occurred more
readily on the foliage at the apex of the plants and

that symptoms on the older leaves showed narrower limits ;
of variation. On occasions when the symptoms on the
top foliage disappesred completely, mottles were still

in evidence on the lower leaves although the severity of
the symptoms had been reduced. It is suggested that
this is probably due to the amount of daylight which is
able to penetrate the dense foliage of a potato erop in
full leaf and to the fact that the apical foliage is
young growth. It will be shown in 2 later section that |
shade may intensify symptoms and that symptoms appear to
be less stable when the plants are young. Plants in the
categories "mild mosaic (upper limit)" and "severe mosaic"
showed symptoms so severe that variations in climatic
conditions appeared to have little effect on their

expression as far as visual observations could ascertain.

Certainly, /
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Certainly, if any cheange did take place, it was not
apparent to the observer. The group of plants used as
controls, remained completely free from any symptoms of
disease, with the exception of two plents in the
Musselburgh plots. These two plants latterly exhibited
a very mild mottling of the leaves. A greenhouse [
enalysis of the foliage, however, showed the presence of

a mild strain of virus X indicating that the plants had
become infected during the course of the investigation.

Effect of ;:lm of 'r;gtgg on Disease Symptoms

The lay-out of hpmmdhthhluporlmth
shown in figure 8. The material consisted of six tubers
of each of the following disease groups, viz., leaf-roll,
negligible mottle, mild mosaic (lower limit), mild meosaic,
mild mosaic (upper limit) end severe mosaic. Healthy
plants previously tested and found to be free from virus
infection formed the control plot. As previously
described, each tuber was cut into 3 portions, each
seed piece being identified by the number 1, 2, 3, 4, 5
or 6 marked on it. The first series of plots consisted
of one piece of each tuber, each group of 6 pieces
forming a separate plot. The second and third series
of plots were similarly made up from the two remaining
pleces of each tuber. The plot lay-out was so designed,
therefore, that 6 specimens of each disease group and

healthy /
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healthy control were included in each series of plots and
the corresponding plants in each were derived from the u.o
parent tuber. In 1947 this lay-out was replicated at BEast
Craigs, Boghell, end Musselburgh and in 1948 eand 1949 the
experiment was repeated at Bast Craigs. Each series of
plots was planted on different dates. The time elapsing
between the plantings varied fram 1 t;#m.

The method of recording results was as described undm
"Material and Methods". |[Notes on the severities of the
symptoms were made at regular intervals.
leaf-roll

The results of cbservations made on the leaf-roll
plots are given in Tebles XIV, XV and XVI.
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Table XIV - Date of Planting Related to Leaf-roll Symptoms
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Table XV - Date of Planting Related to Leaf-roll Symptoms
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Table XVI ~ Date of Planting Related to Time of
Appearance of leaf-roll Symptoms

Plot|Date rmt-dl g:‘,.‘;ig Time of Appearance
A 15.5.47 1 40 days |46 days| 47 days
I 60 " |64 *| 61 "
B 9.6.47 1 29 " |3 | 29
4 43 " " k3 "
c 23.6.47 1 ay -* % " » "
N » °* 4 - N
A 14.4.48 1 69
L % *
B 12.5.48 1 Mum o
4 62 "
c 9.6.48 1 27
4 |
A 19.4.49 1 S ¢
4 8 "
B 26.4.49 1 M "
IN 78
c 3.5.49 1 40
L 7 "
Time arance of Leaf- Da f
Plant

Consider first the results obtained from the 1947

investigation. At all three ceatres, plot A was planted

on /
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on 15th May. The second planting (plot B) was carried

out after a lapse of 25 days from the date of the first

planting and plot C was set out 14 days later or 39 days

after the first planting. From Tables XIV and XVI, it

will be seen that in Plot A the appearance of symptoms at
East Craigs was noted in 40 days from the date of planting
and that the fully developed symptoms were evident 20 days
later. In Plot B, the first symptoms of leaf-roll were

apparent 29 days after planting end 14 days later the s

of full development of secondary leaf-roll had been

The first leaf-roll symptoms appeared on plants in plot C
in a similar time from the planting date to those in

plot B but the meximum severity of symptom was noted
7 days later as compared with 14 days in the case of |
plot B. ‘
At Boghall (Tables XV and XVI) symptoms on all plots
were later in appearing than at Bast Craigs by \
approximately one week although the plots had been
planted on the same days at both centres. 1In 46 days
from the date of planting, symptoms began to appear on tho:
plants in plot A and in 61 dsys full development of :
secondary lesf-roll symptoms was uoted. In plot B, the |
first appesrance of symptoms of leaf-roll infection showed
36 days after planting, followed 14 days later by oo.plmg
rolling of the lower leaflets of the plemts. The first
symptoms on plants in plot C appeared in 36 days as did

|

!
{

those /
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those in plot B and the full symptoms were observed
13 days later.

At Musselburgh (Tsbles XV and XVI), varistions in
the time of appearance of symptoms, similar to those
observed on the plots at the other two centres, were
recorded. In plot A, the first signs of the disease .
'mmamtlﬂhnfmthplnﬁuhhndﬂamul‘
developed symptoms of secondary leaf-roll appeared 14 h,n‘
later. The symptoms in plot B appeared in 29 days and
reached full expression in 43 days. Although the first
symptoms on plants in plot C were later in appearing than
those in plot B, symptoms were fully expressed in the
same nuwb er of days from plenting, viz. 45 days. When
the plots were located at Bast Craigs in 1948 and 1949,
the times of appearance of leaf-roll symptoms on plots
A, B end C showed similar variations (Table XVI). Both
the initial symptoms and the fully developed symptoms of
secondary leaf-roll appesred on the plants in less time
from the date of plenting, in the later planted plots.

f o -roll S « The data
given in Teble XVI show a marked correlation between the
date of planting and the time of appearance of symptoms
whether mild or severe and also indicate that the time of
planting may have some effect on the rate of progress of
the disease. Tables XIV and XV show that all 4 stages of
severity were not always recorded on all plants. As the

notes /
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notes on the symptoms were made at intervals of one week
or longer, it is suggested that the advence of symptoms
was probably so rapid in some instances that, occasionally,
some of the intermediate stages were missed. The rate |
of progress of the symptoms, however, can be judged by :
observing the length of time taken for the symptoms to }
advance from the initial mild stage to the final severe
stage. In Table XVI, the data recorded at Bast Craigs
in 1947 show that in plot A, which was planted on the
15th May, 20 days elapsed between the time the symptoms
were first evident and the time they had reached the
upper extreme. Inthohtcrphnhdphtl,tbmtul;
were fully developed in 14 days from the time of their
appearsnce while in plot C the symptoms covered the full
renge in 7 days.  The results recorded at the other two
centres showed the same tendencies although the

differences were not so marked.

Conclusions -~ It is concluded, from the results
obtained that, in effect, late planting results in a
quicker appearance of disease symptoms from the time of
plmﬂuadmmthomm-ottbmwf
the several stages of severity. It cannot be deduced,
however, that the date of planting is the main factor
concerned in deciding the time of appearance of symptoms
or the rate of progress of the disease. It may be that
the rate of growth of the plants is the major deciding

factor /
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factor and this in tum will be controlled largely by
the prevailing environmental conditions. ILater planting,
provided this operation is not carried out when the
season is too far advanced, usually coincides with |
climatic and soil conditions which are more congenial to \
plant growth.
Aprtﬁuthobmmtﬂumomwtmj
ineressed in severity as the plants aged, there did not
mcuhhmdmamhﬁnmmﬂuwdﬁnl
plants and the manifestation of the symptoms. Tables
XIV and XV show that plants of d@lfferent ages may exhibit
similar symptoms. |
During the experiment, it was noted also that the
time of appearance of symptoms and the degree of severity
did not appear to be determined by the stage of growth of
the plants. In 1947, secondary leaf-roll symptoms
appeared on the plants when the foliages were fully
grown and the flower buds were being formed. In 1948
symptoms became visible when the plants were in full
flower but in 1949 the appearsnce of symptoms coincided
with a plant height of only 6" to 8" at which stage no
flowering parts were visible. Plants derived from
portions of the same parent tuber of'‘ten showed identical
degrees of severity of symptoms even when at different

stages of development.
Mosaic

The /
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Mosais

The data carrelating mosalc symptoms and date of
planting are given in Tables XVII, XVIII, XIX and XX.

Unfortunately, the appearance of leaf-roll in the meosaic

plots in 1948 and 1949 rendered the results invalid.

Table XVII - Date of Planting Related to Mosaic Symptoms
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Table XVIII - Date of Planting Related to Mosaic Symptoms

Plot C
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Table XIX - Date of Planting Related to Mosaic Symptoms
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Table XX - Date of Planting Related to Time of Appearance
of Mosaic Symptoms

20 days

22-2 dayel 29 days

Time of Appearance
East Craigs| Boghall |Musselburgh

40 Gays 1 40 doys | 40 days

22 days

_22 days [22-29 days

Date Planted

15.5.47

9-&1

22.!’&7

Plot
Series

B
et wet

:
d

given are in keeping with those obtained for leaf-roll and

symptoms of

mosaic infection tended to appear quicker when planting

show that, judged from the date of planting
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Bate of Profress of Symptoms - As mosaic symptoms
appear to vary as a result of fluctuations in climatic
conditions, any attempt to correlate the rate of progress
of symptoms with the planting date must necessarily prove |
valueless under the present investigational conditions.
Age of Plants =~ Reference to Tsbles XVII and XVIII |
will show that, where the plots have been planted \
sufficiently early to enable the plants to have a
reasonably long growing season and to reach maturity,

most of the variations in symptoms took place between June
and mid-August. Thereafter the symptoms remained fairly
stable or continued to increase in severity but rarely
became less severe. The young plants in plots C, however,
continued to show variable symptoms.

Conclusions =~ The remarks made, under leaf-roll,
regerding the effect of late planting on the time of
appearance of symptoms, would apply to mosaic, viz., that
the main factor deciding the time of appearance of
symptons may be the rate of growth of the plant as
determined by environmental factors and that later
planting merely coincides with environmental conditions
which are conducive to rapid plant growth.

While there is nothing in the results obtained to
suggest that the age of the plants is a factor directly
concerned with the severity of symptoms appearing at any
particular time, it would seem that the symptoms tend to

vary /
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vary more when the plants are young. As they reach
maturity, the symptoms become more stable and appear to
be less affected by fluctuations in environmental
coaditions.

No correlation between stage of growth and severity
of symptoms is indicated from the results. If, hwmr,
the minor variations in symptom severity are disregarded,
it is observed that the symptoms increase in severity as
the plants increase in age and it was generally noted,
during the experiment, that the maximum severity of
symptoms appeared when the plants had reached their full
growth. This was mainly true of plants which were
infected with the milder strains of virus. It will be
noted by reference to Tables XVII, XVIII and XIX that
infections with severe strains of virus resulted in the
appearance of severe symptoms when the plants were
comparatively young and that the symptoms appeared to
remein unchanged as the plants inoreased in age.

The results listed in those same tables again show
that symptom variations occur more readily on the mildly
infected plents than on the plants infected with severe
strains of virus.



A preliminary field experiment was conducted at
East Craigs to examine the effect, if any, of shade on
symptoms. The test consisted of three series of |
identical plots A, B and C. The lay-out of the plots
and the preparation of the material used here wes exactly
similer to that described under "Time of Planting". |
In this experiment, however, only three tubers of each
disease group and healthy control were used and each of
the three pieces of each tuber were planted in separate
plots on the seme day. [Here, therefore, three plants
o;uututod a plot and a plot-series consisted of seven
3-plant plots, viz., 1 plot of each of the six disease
groups and 1 plot of healthy plants. The plots in
series A and B were covered by sheets of hessien material.
Series C, being the control set of plots, was untreated. |
The coverings were placed in position on 23.7.47 and
removed on 5.8.47. The sheets were so adjusted as to
restrict the light while maintaining, as closely as
possible, the normal temperature conditions.
Leaf-roll

The results of observations made on the leaf-roll
plots are given in Table XXI.

Table XXI /
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Table XXI - Effect of Shade on Leaf-roll Symptoms

Date Plot A Plot B Plot C
Examined f‘l.l‘l;- i:} P%nt No. fh-: No.
T 212 |
June 24 T+ 19 1 518 1111211
July 1 1 1 1 1 1 1 1 219
® 8 2112 42 B8 §1.8
.- 13 J131) L | 3| & 4] 4] &
¢« 8 a |l &b Ll sl 4] &) 4] 4
" 31010 3511 3| 4| &) 4%
Aug. 5 olofo olol2|a|als
ol ' 3|1 413 L | & | & | & 4] &
" 19 L | 4| & L | & | & &) &) &
" 2 L | & | & L | & | K] 4] 4| &

The table shows that, prior to covering the plots on |
23rd July, nxpm-mmecmmpm.nn |
showing fully developed secondsry leaf-roll symptoms
(stage 4). By 29th July, the symptoms on plants in the
shaded plots hed begun to diminish and were almost
completely sbsent on 5th August. Leaflets which
previously had been severely rolled were now completely
normal and flat in appearance. On removing the shades
on 5th August, symptoms re-appeared and severe rolling
was observed on 12th August.

Conclusions - Although facilities and equipment for
controlling conditions were not availsble, this preliminary
experiment does indicate that environment has en effect

on symptom expression and that the differences in symptoms

may well be related to shade as one of the factors involved.

This /
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This fact is also suggested as a result of field

observations made by the writer in 1946 during the course
of & lesf-roll survey of commercial potato crops. During
the survey, the leaf-roll contents of over 300 crops were '
carefully assessed. The crops inspected were located in l

several counties in the East of Scotland from Aberdeen to
|

different localities had been derived from the same pcmt’

Berwick and were selected because several crops in the

stock. Where the disease content had not been altered ‘i
by roguing, related stocks were found to contain similar '
percentages of leaf-roll infected plants. The mani- |
festation of the symptoms, however, differed between M+
derived fram the seme source. Crops grown on shallow m#
were poorly developed and under-grown. Infected plants |
in such crops showed severe rolling of the lower leaflets.
Crops from the seme source but grown on rich soils were |
vigorous and tall with large leaves and sbundent foliage.
Leaf-roll infected plants in these crops were difficult |
to identify as the symptoms on the top leaves were slight
and rolling symptoms on the basal leaves were often
completely absent. Although no factual date were
obtained, it is tempting to suggest that the disappearsnce
of symptoms in the shade is due to (a) the absence of |
photosynthesis and (b) the removal of stored carbohydrate |
in the form of starch. It has been shown (Murphy 1924)

that rolling is due to starch accumulations probably

brought /
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brought about by interference in sugar translocation ‘
through the necrotic effects of the leaf-roll virus on the
phloem. Translocation is not completely impeded, however,

(Barton, Wright and McBain 1933, Cockerham 1933, 1939) and
consequently in the absence of photosynthesis, the !
conversion of starch to sugars end translocation of the |
latter may take place slowly, so reducing the starch |
content of the leaves and leading to their unrolling.

Yosaie |
Under the conditions of & natursl envircament in which
this test was conducted, the results did not prove nttro].f‘
satisfactory. It has been shown earlier that mosaic {
symptoms are prone to vary as a result of a change in 1
certain factors of environment. This being so, the |
fluctuating symptoms on the control plot did not pornit |
of 2 strict comparison being drewn between the symptoms and
those on the shaded plots. Although the change of |
symptoms on the shaded plots could not, therefore, be
attributed to the effect of shade, the general impression |
obtained was that shade tended to accentuate the symptoms
of mosaic particularly where the infection was due to & |
nild virus strain. The seversly infected plants sppeared
to show no symptom change. That low light intensity may
accentuate moseic symptoms, has been suspected for some
time. During the inspection of field crops of potatoes,
it is common to find quite visible mottles on plants
growing in the shade of trees when symptoms are absent from

the remainder of the crop plents growing in the open.




The results indicate that the manifestation and
deﬂhhﬂ-wummmm

mwawmmm«rmunm;

|
means constitute 2 complete list. In the tests carried

i
out, the severe diseases appeared to produce symptoms
which were fairly stable once maximum expression had been

reasonsble to assume that the few factors studied by no

reached, but the investigation was conducted in the field
under the weather conditions obtaining for the district
and it would not be surprising to find the severe

symptoms similarly affected under more variable conditions.
Nevertheless, the major problem facing seed growers is

the elimination of the mild mosaic infections which are
often symptomless or show variasble symptoms. Such
symptom variations are responsible for differences in the
estimated percentages of disease in crops of the same
derivation, which percentages form the bases of most
health grading schemes. That such apparent differences
occur is a source of much dissatisfaction among growers,
but it would appear that this snomaly will continue to be
present unless strict attention is paid to the factors
affecting symptoms snd unless the time of inspection of
the crop is timed to take place when optimum conditions
for the appearance of symptoms exist. CObviously the

inspection /
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inspection and certification of potato crops on a country-
wide scale is too large an undertaking to emable full
effect to be given to these considerations. The solution,
therefore, appears to lie with the individual growers who |
need concern themselves only with their own crops and thus é
are able to choose the times of roguing to coincide with :
the best conditions for the work. The differences in the
mosaic content of different crops derived from the same |
parent stock seem more spparent then real and are, more
likely, due to variations in symptoms than to the absence
of virus infection. The elimination of the severe
diseases does not present a major problem as the symptoms
denetvmtomchnutntutomd‘rthnhwhtbh.;
It has long been the practice to grow valuable seed |
stocks in high-lying districts where insect vectors are
scarce as this helps to keep stocks free from aphis-
transmitted diseases such as leaf-roll. Virus X,
however, which is responsible for most mild mosaic
infections is not insect treansmitted but is spread by
contact, and consequently district environmental
conditions can have little effect on the spread of the
disease from plant to plant except by their effect on the
size of foliage and hence the amount of leaf contact.
It is purely coincidental, therefore, that such dstricts
are also favoursble for the elimination of mild mosaic

from crops in so far as the normally low temperatures

prevailing /
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prevailing are now known to favour the expression of
symptoms and so make diagnosis of diseased plants easier.
The study of factors which tend to mask mosaic |
symptoms and of others which cause the appearance of
non-virus mottles resembling mosaic, has been undertaken
by a few workers, but there is yet much to be done in
this field. On the other hand, research on the subject
of the masking of leaf-roll symptoms has been neglected
almost completely in this country. It would appear,
however, that this subject is sufficiently important to |
Justify much more investigation. Likewise, the existence
of strains of the leaf-roll virus has been suspected but
not proved. mthomtmk.tbwfomhi
the appearances of certain groups of plants infected with
leaf-roll was 80 marked that the possible existence of
strains of the virus was again brought to mind. In all
infected plants, rigidity, brittleness and rolling of the
leaflets was apparent, but while certain plants derived
from the same parent tuber were markedly stunted and
dwarfed, others derived from portions of a different
- tuber remained fairly tall and robust. As the plants
under test were all of the same variety, the differences
could not be attributed to varietal reaction to the
infection and it may be that different strains of the
virus were concerned. On the other hand, a virus
complex may have been involved.
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SUMNMARY

Day-to-day veriations in air tempersture, soil
temperature, relative humidity smnd rainfell are
shown to have no marked effect on leaf-roll
symptoms after these are fully established.

The time of appearance of leaf-roll symptoms varies

with the season and with the date of planting.
This fact apparently g&un no relationship with
sge of plent or with stage of growth, but it um!
to be correlated with the rate of growth of E
infected plants and it is related, therefore, to !
mwnl factors influencing rate of growth.

Shading vn‘{ found to reduce and even eliminate
mtentor leaf-roll.

Variations in certain climatic factors particularly

air temperature are observed to have an effect |
on the manifestation of mosaic symptoms.
Increases in eair temperature seem to bring about ‘
decreases in the severity of symptoms, while a j
fall in temperature has the effect of wmtunﬁngl
symptoms. . y
Symptoms of infection with mild strains of virus are
fioted to be influenced by changes in air temperature
more so than those resulting from infection with
severe strains. |
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As with leaf-roll, the time of appearance of mosaic
symptoms appears to be related to the rate of
plant growth and hence to the environmental
factors influencing rate of growth.

Mosaic symptoms appear to be more subject to
fluctuation, as a result of chenging climatic
conditions, when the plants are young. The
symptoms become more stable as the plants mature.

It is suggested that shade may be a factor concerned
in the fuller expression of mosaic symptoms.

The possible existence of strains of the leaf-roll
virus is noted and considered worthy of further
investigation.
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