
THESIS 

PSTD for the INGFM of PH.D. 

DDIBURGH UKIYIT! 

"PHI8IOWGIC*L AND UOHOLOGICAL SMIRS  

OF TER GW8 SOLAIIUM WITH 8CILL FanMCK TO 

TIN POTATO (o1anuii tuberosum L.) 

AND ITS PRL 

JAM LAMB HARDIE, B.80.(Lgric.), N.D.D., C.D.D. 

November, 1950.   



TABIZ OF CJ1T8 

Peg. 

&RLL INTROWCI(I 

PART I. CSRYATIJ1S ON SOM POUA 
VARIATIONS OF THS POTATO 

IN SCOTIAND 

Introduction 

Experimental Methods and Result. 	19 

Discussion 	 86 

Stiary 	 90 

References 	 91 

PART II. THE WECT OF CLIMATIC C(tiDITIi8 
AND CULTURAL PRACTICES IN 
SCOTLAND CI THE IMPTO OF 
SOME VIRUS DISEASES OF TH 

POTATO 

Introduction 	 95 

Material and Methods 	 105 

xp.rim.ntal Results 	 111 

Discussion 	 1 4l 

144 

References 	 146 



GRAL INTROWCTIC1I 

Under the &,h 	for the Inspection of Crowing Crops 

of Potatoes in Scotland, crops are examined and certified 

on the basis of (a) varietal purity and trueness-to-type, 

and (b) health, especially with regard to virus diseases. 

The former category includes two sub-classes. These are 

(i) known varieties other than 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-class (i) differs from that of 

plants in sub-class (ii). It is important, therefore, 

that potato growers and crop inspectors should be familiar 

with, and able to identify at sight, the coon potato 

varieties together with their variations. 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 than of 

virus diseases 	The difficulties arising during the 

production / 
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production and maintenance 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; - 

the breeding of immune or field-Immune varieties, 

the propagation of virus-tooted stocks, 

(a) the propagation of selected visibly-healthy plants, 

(d) 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. Plant 

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 lit, of the plants. £ knowledge 

of the factors causing these differences in appearance and 

of the optimum conditions for diagnosing virus infections 

in the field, must be a valuable asset to the grower who is 

concerned with maintaining the health of his stooks by 

roguing and plant selection. Climatic conditions, times 

of planting, stage of plant development, age of the plants 

and daylight intensity may influence the mnife station of 

disease symptom., and in Part 11 these different aspects 

receive attention. 
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INTAUDUCTIM  

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 

majority of present day British varieties have been 

developed from a few types originally introduced. Although 

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 

under a 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 a matter of some importance but if the special 

characteristics of a variety are to be maintained, 

conformity to type mist also be conaid.re& Varieties 

are not absolutely stable and variations occur from time 

to time. It is true that some possess certain advantages 

over the normal type and are regarded, therefore, with 

favour by commercial grers, but the vast majority do 

not possess the desired characteristics of the normal 

plant and are considered as degenerate forms. In recent 

years, the improvement of potato crops through increasing 

control / 
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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 sohems, certain standards for 

purity and 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 mrietal 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) stock seed 

Not more than .O of rogues inabadirag undesirable 

variations and bolters. 

Not more than . 1 semi-bolters. 

(a) Not more than 4 plants per acre leaf-roll, severe 

mosaic and wilding end not more than .25 mild 

mosaic. 

Not more than 	plants affected with Blackleg. 

Complete freedom from infestation with potato 

root eelwora. 

(2) Grade A. (boot.) 

Not more then .5 rogues. 

/ 
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(b) Not more than 1 undesirable variations or 

iS bolter.. 

(o) Not more than 	mild mosaic. 

Not more than .% leaf-roll, severe mosaic and 

wildings. 

Not more than i4k Blackleg. 

(t) Complete freedom from visible infestation with 

potato root e.lwozm. 

(3) Grads H. (soot.) 

Not more than .5 rogues. 

Net more than 504 undesirable variations or 

bolter.. 

(o) Not more than Z,4 leaf-roll, severe mosaic and 

wildings. 

(4) Not more than 1C Blaokleg. 

(e) Complete freedom from visible infestation with 

potato root ..1wox. 

(4) Grade B 

Not more than 1 but over .Wb 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 Amended 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 categories 

of 
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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 true-to-type, 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 Findley 1945). 

The present work has been prompted by the need to 

supplsm'it 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 varieties 

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 in proposed to report a preliminaxy investigation 

concerned with such effects following on the appearance of 

the! 
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the more important variations. 

Review of Literature 

The Aberrant Types 

The most important aberrancies are, undoubtedly, 

bolter and wilding types as they occur frequently and are 

of coanercial significance. The other variations, later 

described, have received little attention. This is 

probably due to the fact that they are not of such con 

occurrence as bolters and wildinga and hence, from the 

practical viewpoint, are correspondingly less important. 

Bolters and Semi-bolters - 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;- 

"A bolter plant is much taller than a normal plant 
"end there is greater distance between the branches 
"øf 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 w.ch later in maturing; it 
"produces somewhat coarser tubers if allowed to 
"mature." 

Semi-bolters are regarded as intermediate between 

the normal and extreme bolter type and were first 

included / 
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included in inspection sohe.e standards in 19". 

Late maturity and the inability to produce an early 

crop of sizable tubers are notable features of bolters 

and semi-bolters. These features are particularly 

undesirable in crops of early varieties of potatoes and 

they have been the subj eat of im.rous complaints from 

*w era 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 years. 

In other countries also, different types in potato 

varieties have been observed, but it in doubtful if they 

have been considered as disadvantageous aberrants since, 

in several countries, they have been the subject of 

selection and propagation. Endson (1927) observed 

differences in plants of the sama 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 

early maturing variety Sutton's Supreme. 	Two of these 

selections regardless of their irregular tuber shape have 

become / 
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become widely popular because of their increased cropping 

power. In Hungary, three types of the variety Early ace., 

sing maturity differences, have been looked upon as 

standard o.roial varieties over a long period of years 

(Cookeztaa - privately ci.-unicatod). In this country, 

a bolter type of Great soot was gi 	commercially in 

1923 under the name Spion Kop, but although the selection 

of late maturing forms has been advocated from time to 

time since then, the practice has not been adopted on a 

commercial scale as many main op varieties of high 

yielding capacity are already available. 

ibile extrone bolter types are easily identified, 

semi-bolters are difficult to recognise as their foliage 

characteristics closely resemble those of the normal 

plants. The absence of any clear and concise differences 

between the two latter types has led observers to the 

belief that, between the normal and the extreme bolter, 

a range of bolter types exists. Carson and Howard (1944) 

in breeding experiments with bolt era, classified the 

progeny according to the "wildness' of the root systems 

and observed a range of typos, in this respect, between 

the normal and bolter. The term "wild" in this instance 

has no connection with the plant type known as a 'wilding, 

but is merely an expression used to indicate the abnormal 

develoeent of adventitious roots and rhizousea. During 

an examination of the giant bill condition in American 

potato / 
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potato varieties (giant hill being the American equivalent 

of bolter) Isrwood (1946) noted that, in the 16 f.i]ies 

which he studied, there were clear and consistent 

differences between then as regards time of maturity, 

tuber shape and disease resistance. 

Perhaps the most obvious difference between plants 

of norsal and bolter types is one of foliage height, the 

latter having a teller 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 and particularly 

from semi-bolter.. 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 characteristics have 

been noted by the writer as a result of varying tuber 

spacings and manurial applications but the effects are 

temporary and the changes are not reproduced in the 

progeny. 

The increased vigaur and foliage development of 

extra.e bolter forms is invariably accompanied by a 

reduction in tuber production, a feature which has obvious 

disadvantages for both the ware grower and the grower of 

seed stocks. This characteristic of bolter, has not yet 

been fully investigated, but a correlation between 

maturity and 0tuberization" was noted by Miller, 

MoGoidrich / 
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MaGoldrioh and La Clerg (1940) while studying the 

progenies from potato crosses and aelfings. 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 rhisceas. This correlation is very 

apparent 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 a morphological. change 

of the normel foliage, but physiological changes have also 

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 

disease resistance was unlikely to be obtained by this 

method. A mutation from the variety "srly Rose' was 

claimed by Ryx (1918) to exhibit increased resistance to 

potato blight. The increased resistance of bolters to 

fungal diseases has been recorded more recently by 

Tarwood (1946, 1947) who observed that giant bill plants 

possessed a greater measure of disease resistance then 

normals, He noted, for .wale, that normal plants of 

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

infection with the blight fungus ('hytophthora infestan5). 

Under similar conditions giant liiil plants lived up to 

136 days and were lees 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 an environment 

within the crop which is unfavourable to the development 

of the fungus. 

Wildings and Feathery Wildings - Wildings have been 

observed in craps since 1920 and were first described by 

Anderson (1925). The present official description is as 

follows, (Department of Agriculture for cot lend 1944) : -  

"A wilding plant has a more busby habit awing 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 
"stolona, associated with a multiplicity of under-
"sized tubers. The leaf carries very rudimentary 
"secondary leaflets; the primary leaflets are 
"reduced in number and have a rounder contour than 
"is normal for the variety. Generally, wildings do 
"not produce floral parts; it these occur, they 
"are very rudimentary." 

In the same publication, feathery wildings are stated 

to be "similar in habit to the normal plant but stem and 

"more highly coloured and their leaflets are smaller, 

"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 =all tubers. however, is a 

feature common to both. 

Wildings, as distinct from feathery wildinga, are 

frequently divided into two categories, viz., (a) wildinga 

and/ 
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and (b) wild wildinga. The plants in the.e two categories 

differ from one another only in degree of "wildness" based 

on the number and size of the stems and the extent of 

reduction in the number of leaflets prodeced, but, as with 

the bolter types, a 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 

wilding types, each differing from the others, being 

selected from a crop of the variety Golden Wonder. 

Wildings have received comparatively little attention 

in the literature and, in some countries, have not been 

recognised, although, judging by the frequency with which 

they occur in British varieties, even in these of recent 

introduction, it is difficult to believe that they do not 

exist. Where these variations have been discussed, a 

considerable amount of contusion seems to have arisen 

and the synonymity of the types discussed by various 

workers remains in doubt. 

Other Aberrant Types - In this country, only a limited 

emowit of study, and that of a very general nature, has 

been devoted to the other variations later described. 

Foreign literature on the subject, excluding the work of 

Asaeyeva (19 1 ), dees not exist. 

Ilatur. and Cause of Variations 

Opinions as to the nature and cause of aberrancies 

differ, / 
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differ, but throughout the literature three main reasons 

for their appearance are suggested. 

Sam workers are inclined to the view that chromosomal 

ohnges, quantitative or qualitative, are mainly concerned. 

Carson and Howard (1944) suggested that the bolter conditioa 

might be due to the loss or gain of a 'whole chromosome 

Root-tip counts in the varieties Gladstone and Ulster 

Chieftain, however, showed that the chromosome number of 

bolter plants was the same as that of normal plants. 

Although differences of whole chromosomes are not apparently 

the cause of bolting, Thomes (1945), found that a smell 

fragment of chromosome was present in the nucleus in 

boltera but not in normal or wilding types 	He assumed 

that bolters arose as a result of the inclusion of this 

fragment. Chromosomal differences are also indicated, as 

the cause of bolting, in the studies on photoperiodiam of 

Eaauaov (1931) and Eawkes (1947). Rasunkov in his study 

of South American tuber-bearing wilt. species of 3o].niim 

stated that in all cases, the hiheat vegetative develop-

ment Is attained under long day conditions and that short 

days afford the best conditions for the formation and 

development of tubers. He instances the reduced production 

of South American wild plants growing under Russian 

conditions compared with their performance under South 

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 that these 

types became significantly taller when i-owa under long 

day conditions. He indicated that the differences 

between normal and bolter plants could be completely 

rved if both were cultivated under short day conditions. 

The bolter plants then lost most of their characteristic 

features. From this, it has been maggested that bolter& 

arise as a result of the mutation of one or more genes 

controlling the response of the plant to length of day 

and liawkes takes the view that the bolter is a reversion 

to the type of plant found growing naturally under the 

abort 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 unautated tissue, the 

variation is referred to as a perio].inal chimera. 

Assuming a chimerical make-up, any technique which allows 

the inner component to develop can be used to separate it 

from the outer suppressive tissue. Aassyeva (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 tree from the outer component. By this method, 

many! 
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many variations in the potato were found to be perio]ina]. 

chi as. The chimerical nature of such potato varieties 

as Sefton Wonder and Field Marshal has been discussed by 

SalRmai (1%3)  iho postulates that the change from smooth 

to rue setted skin on the tubers has probably occurred as 

a result of accidental damage to the "eyes  of seed 

tubers in the field. 

cee divergent forms were considered by a few 

workers to have resulted from a virus factor. Murphy 

and McKay (1952) identified wildings with the diseased 

condition first described in America under the name  

0Witoh' a Broom". They stated that the two terms were 

synonymous and suggested that the use of the term 

"wilding should be discontinued. 	The synonymity of the 

two conditions, however, has not been proved and doubts 

still exist regarding the identity of the condition 

studied by these writers. Some of the material of 

Scottish origin which Murphy and McKay 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 wildings. £ virus factor was 

suggested as the cause of the bolter condition by Hill 

(1934) and Hansen (1938) but factual evidence has not 

been produced. Graft tests carried out by McIntosh 

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

transmit the condition to normal plants. Rosendaal (1 9+7) 

recorded / 
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recorded a 'sten-ott1e disease" of potatoes in liolland 

which was trana.iseibls to healthy plants by grafting 

Fz'cui the descriptions and illustrations given, the disease 

symptoms show a close resemblance to the characteristics 

of the aberrant 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 out not be excluded. 
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PRILthNTtJ4 UTHOI AND RF3UIS 

The main objective of this work was the provision of 

accurate descriptions of the variations found in potato 

varieties at the present time and the supplawmting of 

these descriptions with photographic illustrations. The 

compilation of information regarding their nature and 

cropping power was a useful auxiliary 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 

maintained 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. Descriptions of the Variations 	 I  

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 descriptions of 

potato varieties, it may be asazaed that the parts 

omitted have littie 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 

'norsl" should be construed as "that tne of plant which 

is generally recognised as being typical of the variety". 

Material and Methods 

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 1914 onwards. The completed collection 

comprised 51 variants in 22 commercial potato varieties 

I 

	

	Poliage descriptions were made and chocked each year, 

during the growing season, from field plots of the 

variations and their normal controls. The leaf parts 

referred to in the descriptions are illustrated in 

figure 1. The bolter and wilding plots each contained 

36 plants while the plots of the other variations 

described, each consisted of 24 plants. 

Tuber and sprout descriptions were made during the I   

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 tuber, 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 pr to prevent strong light 

Interfering with the normal sprout colours. 

General Descriptions 

I 	 Although / 



21. 

General Descriptions 

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:- 

Bolter types. 

Wilding types 

Feathery wildings. 

(a) Fused-leaflet types. 

(e) Coarse-leaflet types. 

(t) Sub-divided-leaf types. 

(g) Chiorotic-leaf let and raised epidermis types. 

Bo1ertype 	- Bolters and semi-bolters are 

included in this category. Their leaflets do not differ 

markedly fros these of the normal plant but thqy tend to 

be slightly smaller, broader and rougher, particularly 

towards the tops of the plants. Se1'' (1926) gives the 

average increase of leaf index of bolters over the normal 

as 2.6. 

hiding type. - Wilding* differ from normals in 

that they produce a greater number of stems and a reduced 

number of leaflets 	The terminal leaflets are taent].y 

large and expanQed. The average increase of index over 

the normal is twice that found in bolter. (SalsuiJn 1926). 

Other abnormal features are (1) reduction in foliage height 

and (2) almost complete absence of flowers fros flowering 

variation. 

(0)! 
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(a) Feathery wildin&s - These variants are more st 

than normal but the main difference lies in the narrosneas 

of the leaflets compared with those of normal plants. 

)'ussd-leafl.t tip.. - 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 uhol].y 

or partly fused. In ao, only the terminal 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 into 

one large blade. In this type, the lateral leaflets which 

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 malformation is characteristic of 

the spinach-leaf variation. In the ivy-leaf variation,, 

there is again fusion and malformation of the leaflets 

accompanied by a flattening of the leaf mid-rib. In 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. 

Coarse-leaflet types - The coarse-leaflet types 

take several forme, 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 smell size of the leaflets, however, 

in probably due to the ptackm'ing of the surfaces. In now 

types in this category, the leaflets assume an abnormal 

light green colour. This is particularly noticeable in 

the rasp-leaf variation. 

(t) Sub-dividsd-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 a small but normal multiple leaf. 

The sub-division of the leaves gives the plant a more 

compact, bushy appearance. 

(g) Chlorotio-leaflet and raised-epidermis types - 

Chiorosia of the leaflets and a raised epidermis are 

abnormal characteristics not freuent1y observed. 

Chiorosis may be extensive, covering the whole of the 

leaflet surface or, as is more common, may be confined to 

the leaflet margin. £ lead-green colour is typical of 

plants with raised leaflet epidermis. 

Although most deviations from the normal type can be 

placed in one or other of the above categories, a few 

exceptions which cannot 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-abnormalities encountered in 

potato varieties is given. In the following pages, each 

is described in detail, under the variety name and 

photographically illustrated. The names of the various 

types described (excluding bolter and wilding types) have 

been given by the writer as they have proved useful in 

conveying to other observers a *picture* of the form taken. 

specific Descriptions 

As the characteristics and diagnostic features of 

bolters, semi-boltere, wildings and feathery wildings 

dir tar, between varieties, only in slight detail, it is 

proposed to describe thee. variations without regard to 

variety 

Bolters 

Foliase - Taller, upright, more open and much more 
robust tlan normal; stems strong, zig-zag, numerous, 
branched, and rigid, and in many varieties more intensely 
coloured then normal probably due to the open character 
of the foliage, lateral growth is con; leaves often 
shorter than normal, stiff with more colour than normal 
in the mid-ribs particularly at the bases of leaflet 
stalks; leaflets usually thick, email, dull and frequent] 
more pubescent. 

Iloral 	- Flowers normal but much more 
profuse than in normal plants of the variety. The 
inflorescences are large and borne on long stalks. 
Varieties which normally are without flowers, frequently 
show profuse flowers in the bolter condition. hums or 
berries are more frequently observed than in normal plants 
of the variety. 

Mt 	 - i(oots are rnrous, bulky, markedly 
matted and associated below ground with numerous long 
rhizomes. 

jMkers  - Larger than normal and frequently coarse 
with irregular shape, deep eyes and a tendency to second- - 

growth. In varieties which normally produce oval or 
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 emerge from all eyes on the tuber. 

In/ 
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In the field, bolter plants develop more slowly and 
require from 14 to J+O days longer than normal to reach 
maturity, the period varying with variety. Bolters are 
not obvious in crops during the early pert of the season 
but begin to show clearly about 12 weeks after planting. 
They appear to be less susceptible to blight (P. infestans) 
than normal plants, but this may be due to their open-type 
foliage. 
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Seai-bolters 

- Those plants are intermediate in height 
between the 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 and small, in which respect the top 
foliage resembles the bolter foliage. 

Floral characters - Flowers like the variety and 
similar to those of normal plants. 

- Very similar to those of normal plants 

	

but the rhizomes appear to be longer 	This feature, 
however, is not sufficiently constant to be of diagnostic 
importance. 

jiftrl - Similar to normal, 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 all 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 natures 7-21 days after the normal plant5. 

Photographs on next page / 
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Wildings 

Foags — Differ, from the foliage of a normel plant 
being less tail and very bushy; stems very rssrous, thin, 
spindly; leaves reduced in .ie and saesw)mt simplified in 
that they bear a reduced number of leaflet. - sometimes 
only a terminal leaflet and one pair of lateral.; leaflets 
rounder than normal, the terminals being large and 
conspicuous, secondary l.&fl.ts small and round but often 
absent. 

Floral characters — Flowers small, if present, but 
usus 11 Thhorsoences are absent. Where inflorescences 
are seen they are usually rudimentary; moat buds drop 
"no-. 

Rook — Numerous and bushy with many rhias. 
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!eatherl Wildin.g3 

Loikse — often resembles the normal, in height but in 
more open with ].esacover; stems thin and slightly more 
numerous than normal; leaves smaller but usually oplete; 
leaflets normal in ruaier but narrow, long and pointed., 
particularly at the tops of the stems giving the"feathery" 
appearance; secondary leaflets small, narrow and pointed. 

Floral tharacrB — Infl.or.oencea frequent in 
flowering varitlea. 

Roots — Nsaeroua, matted and associated with many long 
rhizoites. 

Tubers - Longer and more pointed than normal 
part icularty at the rose-end; eyes numerous and clustered 
round the apex of the ter; apical dominance not marked; 
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Rough- leaf Variation 

Eo jkge - More upright than rional with d&rker green 
foliage; leaves stiff; leaflets rough and corrugated, 
terminal leaflets frequently fused with one or both of the 
first pair of lateral leaflet.. 

The rate anu time of sprouting and length of growing 
season are similar to those of the normal. 
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Spinach- leaf Variation 

 

Glossy, upright and rigid; leaves dark 
gross, rigid and directed upwards, aid-ribs occasionally 
flattened; leaflets invariably fused together to for* 
simple, "ladle-shaped' blades at the base of the plant 
and ivy-shaped blades towards the top. 

?.12E!1_2E!2.!E! / 
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oraaracte - Bud. fairly frequent but drop readily; 
flowers infrequent. 

a.te and time of sprouting and length of growing 
season similar to noria1. 
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Yari.tin 	 ts - fusd teriil 3.afl. 

Poli 	- Habit and cover similar to normal plant; 
leaves long and large; leaflets broad, terminal leaflets 
fused with one or too pairs of lateral leaflets. 

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

Photographs on next page / 
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Rasp-leaf Variation 

_____ - Drooping, later becoming prostrate; steal 
numerous, spindly and mottled blu-purple; leave, short 
and curved downwards, aid-ribs short; leaflets large, 
redd in number, light green and markedly pksrsd; 
secondary leaflets few. 

Flo 	Characters - Flowers not observed, bads 
rudimentary and dring readily. In this respect, the 
variation differs from the normal. 

Photographs on next page / 
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"Mo-to' Yariao* 

Foliage - one or more stens ay be affected. 
AfectT5tass are reduced in height having shortened 
internodes giving the foliage a compact, rosette 
appearare; leaflets b000m thin with lack of unitona 
colour, light green areas may be observed; mid-ribs may 
be distorted giving peculiar twists to leaves and leaflets 

Floral _Characters - 	normal stems, normal flosars 
may be obaerv but they do not appear on affected stems 
where the apex is frequently distorted and the floral 
parts aborted. 

The fact that both normal and abnormal stems may be, 
and frequently are, seen on the sane 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 1O( true- to-type. This variation is also 
ocnon in the varieties Anbar Favor, Arran Chief and 
Craigs Defiance. 

V 
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Rough-leaf Variation 

1o1ia re - Habit similar to normal plant, but foliage 
is 	g d; leaves stiff; leaflets broad, markedly 
wrinkled, thick and fleshy, terminal leaflets broad and 
rounded. 

Floral_(tharactere - Flovrers not observed, buds small 
on a ar rm 	florescerce stalk. 
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l4ormal 

pinaoh-le*f Yar1.ati 

__ _ - Low-growing, bushy, rigid; stems robust, 
bronze with green nodes; leaves stiff and directed 
upward.; leaflets dark-green, reduced in number and 
fused together in the shape at a ladle, but soatiass one 
or two pairs of asia11 normal leaflets are apparent in 
addition, younger leaves ivy-shaped with Isaf surfaces 
undulating. 

Floral 	 t2!E! / 
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Floml 	 - normal, flowers white, profuse. 
Time of sprouting is later than normal. There is 

less apical &wIflAflQe in the tuber and nore 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. 
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- Low-growing, busby, with ma.erous thin steias; 
eaves of normal longth; leaflets dark-green and often 

fused together to give a docken- like liii.4n*, but one or two 
pairs of =all separate leaflets may be apparent. Leaves 
of all ages are affected 

fl2i_2zaoterI - Flowers not observed, buds 
rudimentary. 

Photographs on next page / 
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fol 	- Upright, rigid, glossy; leaves reduced in 
sj, Mia and directed upwards; leaflets light-green, 
smaller and narrower than normal, terminal leaflets 
frequently fused with one or all pairs at lateral leaflets 
giving either simple spinach-type leaves or merely enlarged 
terminals according to degree or fusion. 

Floral Characters — flowers not observed, buds 
rudiaM 

Rate and time of sprouting similar to normal tubers. 

Photographs on next pegs / 
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IVY- lat lariat ion 

Foliage - Upright, rigid with poor cover; ateas 
olearlj visible; leaves dark green, mid-ribs distorted, 
flattened and reed 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 in 
simple, but sometimes one or two pairs of normal leaflets 
are present. 

Floral characters - Flowers whit., normal, infrequent, 
pro .i3ea _i3f tpeirs; buds =all and dropping 
readily. 

Rate and time of sprouting alihtly later than normal. 
Field growth of the plants is slightly slower than normal 
but length of growing season is similar. 
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gub-divi6-lea! Variation 

- Iur_gro,ing, drooping as in normal plant; 
leaves zneiium to large, expensive; leaflets rounder and 
smaller than normal, leaflet stalks long, arising from a 
oon point on the aid-rib, and each bearing two or three 
pairs of secondary leaflets; secondary leaflets round and 
cupped. 

Normal / 
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ch]9rotio.]sat Tariation 

Nor%al 
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- Upright, rigid, flat-tapped, laok4'g cover 
and not as aU as the foliage at a noial plant; leaves 
short, rigid, and projected outwards and upward*; leaflets 
dark green,*blistered" and cupped upwards; sargina of 
leaflets yellow, later becoming purple particularly on the 
upper half of the plant. 
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io-top"Variation 

1'o]Jag - One or more stems may be affected. 
Affected stems are reduced in height having shortened 
nternodss thereby causing the foliage to be compact and 

to take an a *rosette"  habit; the growing point in 
freqaently 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 djaw ,  this type at variation, 
the fact that some stems of the plant may be normal, 
indicates that a proportion of the tuber produce is like-
wise normi. The tobers of an affected plant, therefore, 
often produce nomals, and aberrants. 

spinach-Leaf Variaton / 
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pinaok-),eat Variatto 

Uprgbt, stiff, glossy; stsua slightly 
bronzed with greca nodes; leaves dark green, rigid and 
directed Wwarft; mid-ribs flattened; leaflets fused to 
form aiap]e "ladle-shaped" blades at the bottom of the 
plant and ivy-ahaped blades near the top. 

110 	1M - Flowers not observed; buds drop 
readily. 
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and-terminal Variatjq 

poliage - Upright habit similAr in most respects to 
the normal plant; leaves normal in size; leaflets normal, 
terminals fused with first pair of secondary leaflets 
giving the plant the appearance of having a]J4it]y less 
cover than normal. 

Photographs on nest psg / 
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Rough-leaf Variation 

Foiig - Low-growing, btahy; leaves smaller and 
mid-ribs shorter than in normal plants; leaflets =all, 
light-green, markedly ribbed, leaflet margins wavy; 
secondary leaflets small. 

Floral characters - Plovers infrequent; bt4a pink 
and 

Time of sprouting slightly later than normal. 
Sprouts develop slowly, and general growth of the plant is 
slightly slower than normal but maturliW is reached about 
the same time an the normal plant. 

Photographs on next page / 
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Rasp-lest Variatton 

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

Fjor% j Qha2tra - 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 apical dominance is Less marked and more basal eyes 
sprout than in the n.ormal. The growing season is 
protracted, maturity being reached about 28.30 days after 
the normal plants have ripened ott. 

I!!ivet-]eat VristI 

Foli! - Low-growing, bushy, with very open foliage; 
iear? average length, open; leaflets dark green very 
gloss! / 



42. 

glossy and thin with*blistered" surfaces and margins 
rolling upwards and inwards; secondary leaflets small and 
infrequent or ccaipletely absent; ax illary growth profuae. 

qbaracters - Flowers not observed; buds 
infrequent. 

- 

f,. 4 

c(f 

t 	S  

--I 
- 

çh]oro tiQ-leaf Irariation 

gliaç - law-growing, buz)y compact; atens MRall, 
spindly with nn.ioh lateral growth; leaves smell; leaf late 
round, chlorotio with markedly yellow mergins. 

_ 	- Flowers not served buds 
rudiiitary and dropping readily. 
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*Knotted_top *  Variation 

- Low-p'owing and bushy resembling a wilding 
type; stems numerous, slightly branched, spindly, round 
with swollen nodes, internodea few and long; wings almost 
oonpletel.y absent but, if present, small, straight and 
normally only two per stems; leaves aediun-green, glossy, 
simple, the blades being large and convexly cped; 
secondary leaflets absent; each stem is devoid of leaves 
but terminates in a rosette of four or five bunched 
together. 

Florl!raoz - Buds and floral parts almost 
completely absent. 
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auad-leaflet Yariatia 

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

MIMI çreaWci — Flowers infrecent; buda amalI s  

dropping unopened. 
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Do-leaf Vari*tio 

IN 	- libit 
giving reduced cover; 
being perfectly fused 
upper leaves are more 
leaflets. 

very aj&jW to normal  plants but 
Lower leaves sbiplifid, the Leaflets  

together to resemble a dock lest, the 
normal but have enlarged terminal 
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Floral characters - Flowers not observed; buds 
infrequent. 

ft 

Duuerf-toliee Variation 

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

Floral characters - Flowers large, white and profuse. 
Iprouting tends to be slightly earlier than in the 

normal tuber but growth of the plant in the field is less 
vigorous. 

Privet-leaf Tar ation / 
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Privet-leaf Variation 

Foliage — tedium height, open with reioed cover; 
stens prominent; leaves long; leaflets very glossy, 
bUatered and thin with margins rolling upwards and 

inwards. 
— Flowers normal but infrequent. 
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.iub- divide d-leaf Variation 

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

U2L2Eff! - Flowers large, white and profuse 
as in nonnal plant. 
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60-divided-leaf Variation 

bika - Similar to normal plant but slightly more 
busby; leaves large but slightly shorter; 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 obaracers - Flowers not observed, buds 
frequent but drop rily. 

Dahlia-leaf Yariatio / 
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Dahlia-leaf Variation 

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

Floral characters - Flowers not observed; buds 
ru4imen tary, nw zrarapping readily. 

Tukgra  - Similar to normal; sprouts differ from 
normal in being markedly glosq and waxy and completely 
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 
maturi1' 10 to 14 days earlier than normal. 
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Rough-leaf Variation 

- similar to the  normal in general habit, but 
more rigid; leaflets thick, large. markedly blistered and 
wrinkled. 

71 
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Raised-epidermis Variation 

- Habit similar to normal; stasis become 
prostrate towards maturity; loaves 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. 
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UqiR'S PINK 

Normal 

Nt 

' 
.'.. Oe 
	

• ..y 

t : 

nf: ny-mbudded, Round-leaf ]et Variation 

- Low-growing, busby, resembling an early 
variety in habit; stems numerous, thin and branched; 
leaves short; leaflets msafl and round with wavy margins, 
terminal leaflets drooping, lateral leaflets reduced in 
size and number, frequently  only  tyc pairs and one asisfl 
basal pair per leaf; secondary leaflets few. 

Floral characters -  Flowers normal but infrequent; 
buds s11 anTiumerous. 

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 aoprcimate1y sixteen days earlier than normal plants 

inach-1eaf Variation / 



51. 

Spinach-leaf Variation  

- )tedium, height, rigid, upright and lack4 nit 
cover; leaves stiff and deformed, the youngest 1.avsa 
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. 

___ 	- Flowers large with petals frcent.y 
bi- lobed, sepals 5-10  in number, stamens 5-8; buds large. 
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Rasp-leaf Variation 

li. - Light-green, sulphury, hairy; stems 
ooloureTre-purple, the tops of the foliages have a 
"dusty" appearance thie to excessive hairiness; leaves 
long, mid-ribs coloured red-purple; leaf lets large, hairy, 
thick, "blistered" and carried downwards. 

Floral characters - Fla. 	- - 
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Coarse, Grey-leaflet Variation 

EoLiag  - Medium height, coarse, upright and .tiff, 
cover poor; sterns 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 localized areas of 
raised epidermis. 

Floral -char a9ters - Buds large, frequent and globular; 
in! lore ioence and bud stalks highly coloured red-purple 
and very hairy. 
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Raised-piderrnis Variation 

Ib11e - Medium height, bushy; sterns numerous and 
thin; leaves short; leaflets lead-coloured, "blistered", 
reduced 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. 
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Ivy-leaf Variation 

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

___ - Flowers not observed; buds drop 
readily. 
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!jjrlø Variation 

- 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 
warketlly waved; foliage tops are not tufted* as in the 
normal plant but are flat and open. 

Round, Qrey-reen Iftaf].et Variation / 
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Round, Grey&reen Leaflet Variation 

- Medium to tall, upright with flat tops; 
leaves broad giving more cover than normal; leaflets 
gloeay, grey-green, broad, thick and round, margins flat 
with a tendency to curl downwards and inwards; aid-ribs 
only faintly c'l' 	at base of leaflet stalks. 

liaã-top variation 

- Low, busby habit like British Queen, with 
flat tops and good cover; the small young leaves normally 
found at stem apices are inconspicuous giving the impressiOn 
that the top of the plant has been out 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 rim a oOnvflOft 

insertion point. 
Plants reach maturity about 12 days earlier than 

normal. 
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Rasp-leaf Variation 

- 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. 

florr 1 characters - Flowers not observed, buds narrow 
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dolly-lea' Variation 

- Medium to low, stiff, upright; stems stiff 
and slightly bronzed; 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. 
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Floral characters 
xudimcta 	- 

e.c'. 4P*k 
". .• ''-' L 

I. 

•: 

..' 

'1 

- Flowers not observed: buds 

Alk 

Dookon- leaf Variation 

Fo1ia -  medium height, erect, stiff, lacking cover; 
wings markedjy ved; 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 and frequently fused to give a 
large leaf blade or at least one large leaflet with one 
pair of small normal leaflets secondary leaflets almost 
completely absent; the lamina has a few large marginal 
serrations. 

Floral characters - Flowers nori1 but less frequent. 

5, 
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Rough-leaf Variation 

FoU.ae - Habit similar to normal but perhaps slightly 
taller; Ieavs more rigid than normal; leaflets dark-
green, broad, thick, waxy and slightly "blistered', 
leaflet veins indistinct. 

Floral caact!! - Red-purple tinge may be observed 
on the acks o? te petals. 

I 

,. 	.& 

Dahlia-leaf Variation 

polia LS - Glossy, otherwise of similar habit to 
normal; stems slightly more bronzed; leaves short and 
stiff; leaflets very maooth and rounder than normal, 
dark-green and flat, aid-ribs of top leaflets intensely 
coloured red-purple. 

Floral characte - Plovrora norme 1. but less frequent. 

--- 

- 	 ' 

;:• 

Stiff-foliage., flat-topped Variation / 



Stiff-foliag, Flat-topped Variation 

nLiM - 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. 

For!Lcha.rr - Flowers not observed; buds 
small, globular, hairy, grey; sepsis long, green and 
bract-like; petals never unfold from the bud but remain 
tightly folded, the juncti ,ris of the petals show as white 

ALI  

e 

4.. 

Semi-spinach-leaf Variation 

Foliap - In nost respects this variation is similar 
to the normal plant but the leaflets are email and the 
terminal leaflets are characteristically fused with one or 
o pairs of lateral leaflets 

'. Of 
,,. 	•lh '1 iq. 	 "' 

1cIL 4j 	P  
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Round- leaf let Variation / 
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Round-leaflet Variation 

Po1ia - Medium height, upright, stiff; leaves short, 
stiff and directed upwards; leaflets small, round, fist 
with distinct margins. 

.fr 

Normal 

Ad 

I 

..4.4.. 

t 
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Ills  

Plough-leaf Variation 

Fo1ia - Medium height, stiff, upright, lacks cover; 
stains 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 CtE! / 
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Floral characters - Flowers fewer than normal; bud 
t• Iks, T!Torescencstalks and buds red-purple and hairy. 

,. 	
' .. 

- 

Ji 

 AMUME- 
I • '. 	'. 	: 

Raised-epidermis Variation 

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

yjoMj_9ha era ____ - Flowers normal but less frequent. 
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Normal 

OA 
4 

V.  

Reap-leaf 'Variation 

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

JjMLgW~Wjgrj  - Flowers normal and fairly profuse. 
$prouts normal but root lets smaller and less numerous 
ri a norml sprout. 

._'_' . 

, 	 .- 	 -- 	 ': 	•. 
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Docken- leaf Variation 

Fg - Median height, upright, tending to sprawl 
towa.rLe maturity, compact with a level rosetted tap; stems 
robust, mottled purple particularly at bases; 'wings 
normally straight but sometimes waved taró.s the tops of 
the sterna; leaves long, large, mid-ribs green; leaflets 
light-green, large, broad and slightly puckered, terminals 
exceptionally large and drooping; the leaf consists mainly 
of one large blade but there may be one or two pairs of 
lateral leaflets; secondary leaflets small and few. 

Fjarg~l characters  - Flowers normal but less frequent. 
This variation is commonly known by the rise 

• 	 2: 
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Dock-leaf Variation 

- Habit similar to normal plant; leaves long; 
leaflets large and broad, terminal leaflets fused with one 
or two pairs of lateral leaflets to give dock-type leaves. 

- Flowers not observed; buds drop 
readily. 

I. 
- 	 ,L r 

:•j 	 ..:J- 	" 

Raise d-epidermis Variation 

Folig - Low-growing with less cover than normal; 
apices ? stems malformed.; leaves long and distorted.; 
leaflets leaden-gray in colour, aid-ribs of terminal 
leaflets are flat and divide the leaflets into two unequal 
parts, opposite leaflets frequently of uneqj&al size. 

Floral characters - Flowers not observed; buds 

z 	A:' 

4t11 
(1 4 

B. Distribution / 
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B. Distribution 

The frequency with which the various foliage-aberrant 

typo arise in potato varieties cannot be assessed accurately 

in the absence of data related to individual stocks over a 

number of years, but their distribution throughout present 

day oorieroial varieties has been determined by perusal of 

the crop reports compiled annually. 

SeaL-bolter, are normally observed in varieties of the 

let early and 2n4 early maturity groups, no instance being 

recorded of their appearance in maincrop varieties. The 

varieties in which they are known to occur are Arran Pilot, 

Arran Signet, Catriona, Di Vernon, Ake of York, Lolipse, 

Epicure, May Queen and Sharpe' a Express. 

Bolters are more widely distributed and are found in 

all maturity groups with the exception of now late maincrop 

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, 

Arran Banner, Arran Bard, Arran Peak, Craigs Defiance, 

Dergill Early, Doon star, Dunbar Rover, Edzell Blue, 

Gladstone, Great Soot, Ibme Guard, King Edward, Majestic, 

Record, Redskin, Up-to-Date, Vanguard and Witchhill. 

Wi]dings 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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Li-ran chief, Arran Pilot, Craigs Defiance, Di Vernon, 

Doan Star, Thinbar standard, Eclipse, Epicure, Greet Soot, 

Uwe Guard, Kerr's Pink, King Edward, Majestic, May Queen, 

Kinetyfold, Reds'dn and Sherpe's Express. 

The other variations mentioned earlier are much less 

nunerous than bolter or wilding types but they are common to 

all maturity classes and, being out-of-type plants  which 

reproduce themselves vegetatively, are no loss undesirable. 

Of these, the fused-leaflet types are, undoubtedly, the 

most con. They have been observed in the varieties 

Arran Banner, Arran Consul, Arran Peak, British Queen, 

Di Vernon, Doon Star, Dunbar Rover, Dunbar Standard, 

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

Up-to-Date. 

Variations with leaflets which differ (ron the normal 

by reason of their rough, coarse and markedly wrinkled 

appearance are observed in the varieties Arran Banner, 

Arran Pilot, Bolips., Great Scot, Kerr's Pink, King Edward, 

Majestic, Redskin and Up-to-Date. 

Abnormal types of which chlorosis and malformation of 

the leaflets  are characteristic features, 
are found in a 

limited number of commercial varieties, 0 -9- s, in Dunbar 

Archer, Eclipse, Kerr's Pink and Redskin. 

G. Mature and Cause of ariation5 / 



C. Nature and Cause of Variations 

Although the nature of most abnormal forms in potato 

varieties is still obscure, past investigations have proved 

some to be p.riclin&l chimeras while a pathological factor 

has been suggested as the cause of others. Some of the 

variations discussed hers were examined to determine which 

are periclinal and which, if any, are conditioned by virus 

infection. 

Material and Methods 

To determine which types are of the nature of pen-

olinal chimeras, in 1946 and 19)+7 attempts were made to 

recover normsl plants from each by excising the "eyes' of 

the tubers before planting and obtaining growth from the 

inner tissues. The technique was similar to that adopted 

by Aaseyeva 	Prom a sample of 6 tubers of each, the *eyes" 

were removed to a depth which ensured, as far as practicable, 

that s-ny sub sequent growth cane from the deeper tissues. 

The treated tubers were placed in a mild atmosphere and 

covered with damp hessian for 48 hours to facilitate 

subenisation of the wounds, after which they were immersed 

in damp sand to encourage callus formation. The tubers 

were examined from time to time and any growth arising from 

a bud of an incompletely  excised aye was resoved 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: - 

Yarieti 

Arran Pilot 
King Xdward 
King Edward 
King,Award 
Dunbar Rover 
Creigs Defiance 

Condition 

Bolter 
Wilding 
aasp- leaf 
ttBindal variation 
Mop-top 
lop-top 

Viruses are conveniently transmitted from plant to plant 

by grafting and this technique was adopted in an attompt to 

reproduce the above abnormalities in previously selected 

normal plants of the same varieties. Twenty tubers of each 

of the above conditions and an equivalent number of normal 

tubers were set out in pots in a greenhouse. When the 

plants emerged, scions from the aberrant forms were grafted 

on to the corresponding normals by the tap-graft method. 

All plants were allowed to mature after which the produce 

from each pot was harvested separately and stored. In 

the following year, the tubers from the grafted plants were 

laid out in field plots adjacent to those saved from the 

plants under test. The characteristics of the resultant 

plants were carefully compared to determine whether the 

abnormalities had been transmitted to the normal plants 

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 variations, signifying that 

the latter are periolinal in character: -  

Arran Banner / 
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Arran Banner (rough leaflet.) 
Duke of York sub-divided leaf) 
clipae privet-leaf) 

Great Boot dahlia-leaf) 
Great 	cot 

Pink 
ded le

Kerr's 
~ sub-divi 
raised epidermis 

Redskin (raised epidermis 

Normal plants were not recovered fron the following 

variations, therefore they are probably not perioliial 

chimeras but, as it is sometimes difficult to ensure that 

growth from the inner tissues has been successfully 

obtained, repeated excision* may prove otherwise: -  

British Queen, Kerr's Pink and Majestic (dooken-leaf) 

Arran Consul, Doon Star and Dunbar Rover (spinach-leaf) 

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

King Edward (Binds 1 variation) 

Arran Pilot (bolter) 

Arran Pilot (semi-bolter) 

King Edward (wilding) 

King Edward (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 di sease symptoms appear 

on any of the grafted normal plants in the greenhouse and 

in the field in the succeeding year, no abnormalities 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 stow-mottle disease are 

very similar to these 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 Rozendaal has observed the disease is Duke of lark in 

which variety the "mop-top modification ban not yet been 

noted. In the present work, transmission of the aop_topN 

abnormality by grafting was unsuccessful. Rosendasi, 

however, found that transmission of stes-mottle fluctuated 

between 	and IOC  and was more successfully achieved in 

autumn than in summer. In view of the apparent difficulty 

of successful transmission further investigation is 

necessary. In 1948, the*mop-top' variation was observed 

frep.i.ntly in dnstration plots set out by the present 

writer but in 1949 it was not encountered even though the 

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, although 

the appearance of large numbers of map-top plants later 

in the season may have been fortuitous, it is tempting to 

suggest frost as a causal factor. 

D. Practical Aspects of Variations 

Frequency of Occurrence of Semi-bolter. 

The difficulty of eli minating semi-bolters from varieties 

in which they occur is due mainly to the fact that they bear 
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a close resemblance to normal plants at certain stages of 

cowth but, in addition, they appear to arise do nova in 

crops with disconcerting regularity. In order to assess 

the approximate rates of production,  of semi-bolters from 

normal plants, on investigation was begun in 1946 and 

continued in 1947- 

Material and Metho ds  

For this work, it was neoessazy to procure a large 

stock of normal plants, the constancy of the type of which 

was assured. Preparation of the stock was ben in 1944 

tram specially selected plants of the variety Arran Pilot 

and the selection and propagation was continued up to 1946 

In that year, a plot of 1 9 000 plants was laid out. Durin$ 

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 0rogued' plants and the constancy 

of the characteristics were checked. In 1947, 2 9 000 

tubers, selected from the normal plants grown in 1946 were 

again planted out. Again the apparent semi-bolter types 

were removed from the plot and their tubers retained for 

planting and checking in 1948- 

Results 

The results are aumaiied below: - 

No. of normal  lb. of suspec4 Year
tubers plante4 	eenii-boltera 	confirmed 

1946 	1,000 	 3 	 3 	.3 

1947 	2,000 	 12 	 6 	.3 

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 appear anew with greater frequency than bolters in 

the variety Arran Pilot and that approximately .3,% of tubers 

from normal plants may "mutate" to the semi-bolter condition 

each season. 

Cropping Capacity of Variations 

Material and Methods 

The 24- and 36-tuber plots which were set out primarily 

for descriptive work were utilized to obtain some preliminary 

information on the comparative cropping propensities of 

normal and aberrant types. In 1946 all plots were harvested 

on the same day,, regardless of maturity, but in 1947  and 

1948 each was allowed to mature before lifting took place. 

The total tuber prows 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 down for the prime purpose of yield trials hence 

the yields could not be statistically interpreted but the 

differences were often so 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 / 



72. 

Tab].. I - Tuber Yields from Noraa]g and Variations - 1946 

Variety Type 

Yields corrected to 
per plot  

24 plants 

Over 2" 2" to 1 2" to 
lit Total 

Ibs.or.a Tha.ozs.]s.ozs lbs ass 

Arran Pilot Normal 35 4 11 0 12 0 58 4 
do. Rasp-leaf 1711 7780332 

Eclipse Normal 39 8 12 8 11 0 63 0 
do. Rough-leaf 72124240436 
do. Rasp-leaf 34. 0 21 8 12 8 68 0 

British Queen Normal 55 8 10 8 7 0  73 0 
do. Spinach-leaf 37 4 18 0 13 0 68 4 

Dunbar Rover Normal 48 0 1 8 4 8 54 0 
do. Mop-tap 2808080440 
do. Spinach-leaf 31 5 10 11 5 5 47 5 

Doon Star Normal 7007838810 
do. Spinach-leaf 16 6 14 7  14 12 45 9 
do. Ivy-leaf 51 2 14 10 7 5 73 1 

Great scot Normal 57 8 13 0 7 8 78 0 
do. Sub-divided-leaf 35 6 12 10 10 2 58 2 
do. Dahlia-leaf 41 0 9  0 5 0 55 0 

Ungdoard Normal 58 0 16 0 14 0 88 0 
do "Bindal 74 12 11 7 10 6 96 9 
do. Blind-top 48 0 20 8 17 8 86 0 

Majestic Normal 76 0 8 0 4. 0 88 0 
do. Docken-leaf 44 6 11 8 9 6 65 4 
do. Rough-leaf 76 9 5 11  3 7 0 11 

Arran Consul Normal 64 0 5  2  4 C) 73 2 
do. Spinach-leaf 70 14 5  11  3 7 80 0 

KerraPink Normal 55 5 15 10 12 8 83 7 
do. Many-budded, 

round leaflets 37 7 25  7 21 14 84 12 
do. Spinach-leaf 51 10 19 5 13  9 84 8 
do. i'tasp-leaf 53 0 17 0 11 8 Si 8 
do. Coarse grey- 

leaflet 36 0 3 4 2 12 42 0 
Up-to-Date Normal 68 0 10 6 5 0 83 8 

do. Rasp-leaf 64 814.0118900 

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

Table 11/ 
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Table II - Tuber Yields frca Normals and Variationi - 1947 

Variety Type 
Date 

Yields corrected to 24 plants per plot 

Over 2w 2w to T' to Und Total dian. 1' 11"  
lbs.ozs. Lbs.ozs  lbs.osa oss .ba.ozs. 

Arran Pilot Normal 2/9 17 2 17 2 22 9 4 0 60 13 
do. Rasp-leaf 2/91206419155 7 43 10 
do. Mop-top 2/9227107 20 1 4357 2  

Thak. of York Normal 2/9 13 8 10 8 21 8 2 8 4.8 0 
do. Sub-divided- 

leaf 2/9 12 14 16 3 20 6 3 5 52 12 
Eclipse Normal 2/9 21 2 18 0 22 15 2 1 64 2 

do. Rough-leaf 2/9 0041429 1 21 1 1 2 466 
do. Rasp-leaf 34/925131882403271 7 

epicure Normal 2/936412861210568 
do Round- 

leaflets 2/918010011 8244112 
British 

Wueen Normal 3019 33 10 21 14 18 14 1 8 75 14 
do. Spinach-leaf 30/9 37 4 15 12 11 12 1 4 66 0 

Dunbar Rover Normal 30/9 47 0 13 11 13 11 1 0 75 6 
do. Mop-top 30/936 14142133 1 865 1 1 
do. Spinach-leaf 3019 40890650145611 

Arran Banner Normal 30/9 80 8 9 13 6 0 1 14 98 3 
CIO. Rough-leaf 30/96812684408800 

Arran Consul Normal 30/9 61 12 5  12 4 12 0 12 73 0 
do. Spinach-leaf 30/9 80 8 4 9 4 15 0 11 90 11 

Doan3tax' Normal 30/9 40 13 23 21801 583 2 
do. Spinach-leaf 30/9 14 1 12 1 21 2 4 3 51 10 
do. Ivy-leaf 30/9 37 1 14 7 10 15 0 13 63 4 

Gladstone Normal 30/9 34 3 15 15 14 14 0 1 65 1 
do. Dooken-leaf 30/9 40 6 14. 13 7  10 0 13 63 10 
do. Dwarf 

foliage 30/9 14 6 9 2 10 15 2 6 36 13 
Great Soot Normal 30/9 53811892012 741J 

do. Sub-divided- 
leaf 30/9472 1 2 1 0 1 7 2 35803 

do. Dahlia-leaf 18/9 44.78741009581 
King Nde&Xd onaal 30/9 45 0 18 13 16 6 1 15 82 2 

do. Bindal 30/9 501416 31881 9 87 2 
do. Round grey- 

leaflet 30/9 33 6 19 5 22  3  2 14 82 12 
do. Blind-top 18/9 25 13 20 1 20 14 3 10 70 6 
do. Rasp-leaf 30/9 38 13 17 6 16 2 2 8 74 13 

Majestic Normal 30/968214101201 9 96 5 
do. 1)ocken- leaf 30/9 33 8 10 12 10 0 1 4 55 8 

do 
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Table II (Coutd.) 

Variety Typo 

Yields corrected to 24 plants per plot 
Over 2 to  Under Total  diem. 1' 1 1' 
].b.pss. Lba.oao Ibe.ozs ibsoss. 

Majestic Rough-leaf 30/95912961011 1 5812 
do. Dahlia-leaf 3019 61 108787 1  1799 
do. Stiff 

foliage, 
rut top 3019 58 814 41112112864. 

Normal 30/9731212874.069314 
do. Rough-lee! 30/9 59 0 6 12 3 0 0 4 71 0 
do • Raia*d 

epidermis 30/9 78 9 3 13 2 12 4 0 89 2 
Arran Peak Norm]. 30/961  1  10 1 1 58013781 

do. Fused 
terminals 30/9 54 810 412 81 4 78 8 

DLslbar 
Archar Normal 30/95871037131 5 7712 

do. Chiorotic- 
Leaf 30/9385 117711 0158 5 

Thanbar 
Standard Normal 16/10 38 12 16 4 12 8 2 4  69 12 

do. Fused- 
terminal 16/10 57 4. 13 6 13 1 1 6 85 1 

lerra Pink Normal 16/10 40 12 13 12 13 8 1 12 71 12 
do. Many-budded 

round- 
leaflets 30/9270145203306410 

do. spinach-loaf 16/10 46 8 17 2 14.  2 1 13 79 9 
do. Rasp-loaf 30/941012814418694 
do. Coarse grey 

leaflets 16/10 39 2 6 0 5 0 0 9 50 11 
do. Raised- 

epidermis 16/10 48 4 12  4 6 8 0 L 67 4 
do. Ivy-3.eaf 30/9 354101274012540 

Up-to-Date Normal 16/I0 53716516142 0 8810 
do. Rasp-lest 16/ic 53613141432 3 8310 

Date pleated - 8th May. 
Date harvested = Date nature. 

Table 



Arran Pilot Normal 
do. Rasp-leaf 
do. Mop-top 
do. Rough-leaf 

Di Vernon Normal 
do. Docken-leaf 

Duke of br Normal 
do. Sub-divided- 

leaf 
clipae Normal 

do. Rough-leaf 
do. Rasp-leaf 
do. Privet-leaf 
do. Knotted-top 
do. lorotio- 

leaf 
Epicure Normal 

do. Round- 
1,af].ete 

liosm Guard Normal 
do. Raised- 

epidermis 
Ulster 
Chieftain 

do. 
do. 

British 
Queen 

do. 
Dunbar 

iLover 
do. 
do. 

Arran 
Benner 

do. 
Arran 

Consul 
do. 

Dom Star 
do. 
do. 

Docken- lest 
Raised-
epidermis 

Normal 
Spinach-leaf 

Normal 
Spinach-leaf 
Mop-top 

Normal 
Rough-leaf 

Spinach-lest 
Normal 
Spinach-leaf 
IV-leaf 

10 15 
13 0 
18 0 
8 12 

16 8 
17 8 
14 8 

	

14. 	7 
16 0 

	

21 	0 
17 8 
16 7 
58 

71 
9 12 

94 

	

1 	0 

1 10 

13 	C) 
70 

38 

7 13 
do 

58 
2 12 
4 15 

3 10 
1 12 

38 
30 
3 12 

12 8 
7' 

2 12 
70 
49 
2 12 
50 
54 
2 12 

23 
4 11 
87 
20 
2 14 
0 13 

1 15 
14 

24 
00 

04 

20 
04 

o a 

15 
2 12 

18 
1 	0 
1 13 

o a 
08 

08 
05 
0 12 
4 12 
04 

41 	ii. 
304 
46 15 
17 0 
42 12 
440 
4.5 4 

43 5 
54 10 
32 3 
570 
34 3 
35 4 

16 11 
508 

31 12 
47 0 

32 8 

55 0 
484 

304 

63 15 
54 12 

568 
4.1 	0 
54 12 

69 13 
68 12 

66 0 
643 
69 4 
32 12 
51 4 
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Table III - Tuber Itelde from Normals and Variations - 1948 

Date Tields corrected to 21 plants per plot 

Variety 	Type Over 2" I 2" to 1 " 	1 Total 
diem. I i' 	I 

lba.oza.Ilba.oga,Ilbs.oze Tha.o.e.h.bs.oz. 

17/8 16 10 10 15 
17/8 5 0 5 4 
1 7/8 14. 2 10 4 
28/8 1 10 3 14 
17/8 11 12 9 8 
28/8 12 8 8 12 
17/8 16 8 11 8 

17/8 11 7 15 4 
28/8 14 10 19 5 
28/8 1 6 1 6 
13/9 18 8 19 0 
28/8 3 15 10 15 
24/9 20 1 8 14 

28/8 
28/8 

1 
29 

15 
12 

5 
9  

12 
12 

17/8 12 0 8 4 
28/8 4.3 0 3 0 

28/8 26 12 3  14 

28/8 25 0 15 0 
28/8 32 8 8 8 

28/8 22 12 3  8 

13/9 42 13 12 0 
1319 27 8 16 6 

13/9 40 8 9 0 
24/9 31 + 6 0 
24/9 40 15 7 1 

24/9 59 3 6 8 
24/9 62 12 3 12 

24/9 54 4 7 12 
24/9 57 0 3 14 
21/9 53 8 11 4 
24/9 8 4 7 4 
24/9 31 0 12 12 

I Gladstone / 
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Table III (Contd.) 

i.lds corrected to 24 plants per plot 
Variety 	Type 	Date Over 2N I 2" to 1i 1' 

4

to L

s.osa 

nder I 
diem. 	I 1" 	i,' 	Total 

ike. oze.Ub.. osa .ha . ass . 	 . I lbs. 
I  

do. 
do. 

Majestic 
do. 
do. 
do. 
do. 

do. 

dø. 

do. 
Redskin 

do. 
do. 

Arran Peak 
do. 

Normal 
Docken-. leaf 
Dwarf-to hag 
Sub-divided- 
leaf 

Privet-leaf 
Normal 
Sub-divided- 
leaf 

Dahlia-leaf,  
Rough-leaf 
Normal 
"Binds 1" 
Round, grey-
green leaf-
lets 

Blind- top 
Rasp-leaf 
Normal 
iboken-leaf 
Rough-leaf 
Dahlia-leaf 
Stiff, flat- 
topped 

Semi-spinach 
leaf 

Round-
leaflets 

Holly-leaf 
Normal 
Rough-leaf 
Raised-
epidermis 

Normal 
Fused 
terminals 

124/9 
,2419 

24/9 
24/9 
13/9 

24/9 
13/9 
24J9 
'4/9 
24/9 

24/9 
13/9 
13/9 
24/9 
13/9 
13/9 
13/9 

24/9 

24/9 

24/9 
, 1O 

24/9 
24/9 

24/9 
24/9 

24/9 

4.9 12 
44 10 
23 8 

49 4 
220 
54 8 

34 12 
428 
60 

441 
51 4 

35 8 
MB 
33 10 
63 12 
22 8 
480 
378 

49 5 

52 15 

36 12 
11 0 
59 12 
47 12 

37 12 
480 

7' 
58 
81 

15 4 
10 8 
88 

88 
60 

13 4 
16 7 
13 4 

12 12 
13 0 
13 0 
74 
84 
9 11 

14 8 

12 4 

11 	3 

14 12 
28 
'5 

10 11 

11 	4 
10 9 

7 12 

34 
36 
47 

6 12 
68 
50 

54 
58 

14 0 
11 	3 
12 3 

14 4 
15 8 
12 0 
48 
60 
6o 
71+  

6 13 

9 15 

9 12 
30 
3 '. 
43 

68 
5 11 

5 12 

04 
04 
04 

10 
08 
19 

14 
o 12 
4 12 
26 
18 

34 
38 
38 
1 12 
1 14 
1 11 
1 10 

15 

21 

3 	4. 
I O 
0 9 
I 	5 

0 8 
0 2 

608 
53 12 
3'' 

72 4 
39 8 
69 9 

49 12 
54. 12 
380 
74 1 
78 8 

65 12 
688 
62 2 
77 4 
38 10 
65 6 
60 14 

69 11 

76 2 

648 
17 8 
67 12 
63 15 

560 
646 

Gladst one  
do. 
do. 
do. 

do. 
Great Soot 

do. 

do. 
do. 

King Edward 
do. 
Jo. 

Dunbar 
Archer 	 24/9 61 11 11 9 5 9 15 802 

do. 	Chioro tic- 
lest 
	

24/9 39 0 8 12 30 04 51 0 
Dunbar 
Standard 
	

24/9 484 98 8 12 0 12 67 4 
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Table Ill (Cotd.) 

Variety Type Date 
Yields corrected to 24 plants per plot 

variety  Over 2 2) " to j aw to Under 

lbs.oza. Th..os. lbs.oza lbs.ozs. .ba.ozs. 

Thinbar Fused 
Standard terminals 5/105685830 1  4664 

Ierr' a 
Pink Normal 5/105815 1 412 7 1 0 1  1626 

do. Many-budded, 
round-
leaflets 13/9 24 8 12 8 13 5 2 12 53 1 

Spinach-
lea! 24/9 44 12 10 12 8 12 1 8 65 12 

do. Rasp-leaf 5/1038 810129014598 
do. Coarse, 

grey-
leaflets 24/9 25 6 7 15  3 4 1 15 38 8 

do. Raised- 
epidermis 5/10 39 8 10 8 8 8 2 0 60 8 

do. Ivy-leaf 5/1028 09890 1  8 48 0 
up-to-Date Normal 5/10588986014754 

do. Rasp-leaf 24/9 4.8 0 11 5 8 11 2 0 70 0 
do. Dooken-leaf 24/9 44 10 11 3 5 8 0 8 61 13 

Date planted - 5th April. 
Date harvested = Date mature. 

Tha/ 
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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 

ability. The figures for 1916, which were obtained by 

harvesting the plots immature and which are given in 

table I, also indicate that the normal plants produce a 

heavier orop of tubers earlier in the season than do the 

majority of irregular 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 *need" purpose., thes 

permitting rapid 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 propagating such plants which do not conform 

to the varietal description. 

The data Obtained from the weighings of the bolter 

and wilding plots are given in tables IV, V and VI. 

Table IV / 
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Tab]a IV - Tuber Yields fras Nola, Semi-bolters and Bolters - 1946 

Maturity Variety Type 

Yields corrected 
plants 	er plol  

to 

Over 2w 2 w  to Uw to Total 
dian. 1k" 

bs.pzs- Lbe.ozs. Lboss. 

1st Early Arran Pilot Normal 72 8 15 7 10 13 98 12 
do. Semi-bolter 87 710 5  8 4O6 0 
do. Bolter 99 12 10 8 6 12 117 0 

do. Duke of York Normal 32015 811 0 58 8 
do. Semi-bolter 69 10 18 0 7 3 94 13 
do. Bolter 73 6 16 10 8 5 98 5 

do. Eclipse Normal 64 0 22 8 11 8 98 0 
do. Semi-bolter 66 0 25 0 12 0 103  0 
do. Bolter 67 8 25 8 12 12 105 12 

do. Epicure Normal 58817890850 
do. Semi-bolter 75 0 11 0 7 8  93  8 
do. Bolter 87 0 11 8 3 8 102 0 

do. Ninetyfold Normal 35 4 19 8 12 0 66 12 
do. Semi-bolter 81 13 20 7 13 1 115 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 12 83 5 

2nd Early Catriona Normal 45 0 24 0 22 13 91 13 
do. Semi-bolter 32 15 22 10 22 2 77 11 
do. Bolter 62 2 16 9 9 0 87 11 

do. Edzell Blue Normal 29 13 21 1 22 14 73 12 
do. Bolter 54121749081 0 

Early 
Maincrop Do= Star Normal 64. 9 15 6 11 10 91 9 

do. Bolter 54 0 21 7  11 1 86 8 
do. Wilding 0 0 3 10 46 3 49 13 
do. Feathery 

Wilding 19 10 30 14 30 9 81 1 
do. Gladstone Normal 66 0 20 8 12 0 98 8 

do. Bolter 50 6 13 11 6 8 70 9 
do. King Edward Normal 50 6 24. 0 30 0 04 6 

do. Bolter 53 8 15 14 10 9 79 15 
do. Wilding 35 0 30 5 33 7 98 12 
do. 'Binda]. 67 8 26 7 17  7 ii 

112 
6 

do. Majestic Normal 91 3  13  3 7 13 3 
do. Bolter 51 14 19 1 11 2 82 1 

do. Redskin Normal 67 12 19 1 5 5 92 2 
do. Bolter 59 10 14 1 7 5 dl 0 

Date p]anted - 10th April. 
Date harvested - 20th August. 

Table V/ 



Table V - Tuber Iie]4s of Nora]a Semi-bolters and Bolters - 1947 

Yields corrected to 36 plants per plot 

Variety Type Over 2 	210  to 	1j" to 	Under 	Total 

- 11'.bs.oz..Lba.oz$. 	lba.oza. 

ran 
Pilot Normal' 2/928126326731384 8  

do. Semi-bolter 18/9 44. 	. 0 24 	7  20 	5 4 	2 92 	14 
do. Bolter 30/9 81 	14 17 	3 14 	6 1 	7 114 	14 

Duke of 
York Normal 2/9 12 	5 18 	12 37 	0 4 	14 72 	15 

do. Semi-bolter 11/9 39 	7 22 	1 27 	10 3 	7 92 	9 
do. Bolter 3019 76 	8 19 	8 12 	12 5 	4 114 	C) 

' clip" Normal" 2/9 18 	8 23 	0 37 	12  3 	0 82 	4 
c do. Semi-bolter 11/9 26 	0 23 	6 37 	13  4 	10 91 	13 
+> do. Bolter 16/10 87 	6 20 	14 15 	15 1 	7 125 	10 
,Npicure Normal" 2/95201601101 8 80 	8 

do. Semi-bolter 11/9 58 	0 13 	12 8 	4 0 	12 80 	12 
do. Bolter 30/9781 812661 5 94 	8 

linetyfold Normal" 2/9 17 	12 21 	ii 41 	9 7 	2 88 	2 
do. Semi-bolter 18/9 54 	5 27 	14 35 	12  5 	6 123 	5 

Sharpe' a 
xpress Normal" 2/9 7 	0 14 	8 39 	4 11 	0 71 	12 

do. Semi-bolter 18/9 ii 	10 20 	6 47 	15  7 	15 87 	14 
do. Bolter 16/104272643334 6106 4 

atriona Norma1/ 2/9 28 	1 23 	0 29 	6 3 	3 63 	10 
do. Semi-bolter 11/9 57 	2 32 	9  23 	14 3 	13 117 	6 

PQ do. Bolter 16/10 87 	13 16 	7  12 	12 0 	15 117 	15 
'i 
cBlue 

Ldzell 
Normal 2/958 8230230401088 

do. 
)oon Star 

Bolter 
Nomall 

16/10 
3019 1 16/10 

	

132 	10 

	

59 	6 
14 	11 
20 	9 

	

9 	15 

	

18 	12 
0 	8 
1 	0 

	

157 	12 

	

99 	11 - 
do. Bolter 73 	11 9 	5 7 	0 0 	11 90 	11 
do. Wilding 3019 0 	14 4 	6 51 	11 24 	6 81 	5 
do. Feathery 

Wilding 3019 23 	12 27 	0 42 	8 4 	8  97 	12 
p, Gladstone Noraal 3019 61 	5  23 	10 14 	15 2 	0 101 	14 

do. Bolter 16/10 82 	1 11 	15 7 	2 1 	5 102 	7 
(ing 
Ecard Normal 30/9 47 	8 22 	4 32 	12 5 	12 108 	4 

do. Bolter 16/1052720 6202 37966  
, 4 do. Wilding 18/92214221045 8100101 0 

do. Feathery 
Wilding 30/9 24 	14 16 	2 30 	7 7 	Ii  79 	2 

Majestic Normal 30/9 83 	1 18 	9 12 	8 2 	1 116 	3 
do. Bolter 16/10 94 	12  9 	12 6 	12 1 	4.  112 	8 

Redskin Normal 30/9 77 	0 6 	10 10 	5 i 	1 95 
do. Bolter 16/ic 75 	7 16 	11 10 	5 1 	5  103 	12 

Data planted - 7th May. 
Date harvested = Date mature. 

Table 
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Table TI - Tuber Yields of Normals 8i-bolters and Bolters - 1948 

0.4 Yields Corrected to 36 Plants per Plot 

Variety Type 
Date 
at. Over 2' 20 to it" to  Undor Total 

lba.oza. Lba.ozs. Lbs.oza. lbs.ozs. 

Arran 
Pilot NormaiX 17/8 24 	10 19 	1 20 	6 6 	14 70 	15 

do. Ssii-bolter 13/9 59 	13 18 	II 17 	8 3 	7 99 	7 
do. Bolter 1/10 77 	5 14 	13 15 	6 2 	6 109 	14 

Duke of 
York Nozvaal' 17/8 20 	3 24 	0 22 	10 4 	6 71 	3 

do. Semi-bolter 1319 67 	6 22 	14 14 	11 2 	1 107 	0 
p., do. Bolter 1/10 127 	3 

' 

13 	8 6 	5 3 	0 150 	0 
Eclipse Normal' 28/8 20 	4 27 	4 31 	4. 4 	4 63 	0 

do.. Semi-bolter 28/8 24. 	7 23 	15 35 	4 5 	2 88 	12 
44)  do. Bolter 1/10 90 	10 20 	8 10 	14 2 	3 124 	3 

picure I1ormal' 28/868416491224968 
W. do. Sad-bolter 28/8 71 	4 12 	4 9 	12 1 	8 94 	12 

do. Bolter 13/9 108 	8 5 	15  3 	13 0 	13 119 	1 
Ninetyfold Normal 28/8 59 	6 17 	0 19 	0 5 	6 100 	12 

do. Semi-bolter 13/9 89 	0 26 	4 12 	14 3 	5 131 	7 
Sharpe' a 
Express Normalx 28/81314268301031474 1 4 

do. Semi-bolter 13/9 38 	2 28 	14, 22 	4  2 	10 91 	14 
do. 

Catriona 
Bolter 
Norma]j 

1/10 
28/8 

75 	13 
36 	14 

22 	6 
27 	5 

16 	15 
26 	11 

1 	10 
3 	3 

	

116 	12 

	

94 	1 
do. Semi-bolter 28/8 70 	0 24 	8 19 	7 3 	6 117 	5 
do. Bolter 1/10 102 	9 16 	15 6 	13 0 	9 126 	14 

j Rdzell 
Blue Norma1 28/8444230 23 123 12 94 12  

do. 
Doon Star 

Bolter 
Norma l 

5/1053 
24/976 216 

87721008641 
36708994 

do. Bolter 5/10 84 	12 10 	7 8 	11 1 	2 105 	0 
do. Wilding 24/9 2 	12 8 	8 53 	8 26 	12 91 	8 
do. Feathery 

'Wilding 13/9 29 	12 37 	0 29 	4  2 	12 98 	12 
Gladstone Normal 13/9 53 	0 22 	8 11 	0 1 	6 87 	14 

do. Bolter 5/10 88 	0 6 	3 5 	14 1 	1 5 102 	0 
C) King 

Edward Normal 24/953822821123 8 101 	4 
do. Bolter 5/10 53 	12 19 	8 13 	0 2 	L 88 	8 
do. Wilding 24/94082682683 29612 
do. Feathery 

Wilding 
" 

13/91202210361211(826 
majestic Kormal 24/9 103 	0 13 	4 10 	14 1 	12 129 	0 

do Bolter 1/10104. 81413 7 	9 1 	7128 5 
Redskin Norma] 24/9 84 14 11 	1 6 	3 0 	12 102 	14 

do. Bolter 5/10109 2 10 	2 9 	0 1 	21  129 	6 
Date planted - 5th April. 
Date harvested = Date mature. 

Provid / 
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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 norls out-yielded both semi-bolters and 

bolters as the figures in table IV illustrate. Those 

figures were obtained by harvesting all plots on the seas 

day - at which time the normals of the early varieties 

were nearing maturity but the remainder of the plots were 

still immature - and ihow 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 cemeraial 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 ooarse, 

unattractive tubers. 

Wildinga and feathery wildings are consistently poor 

yielders which produce large numbers of tubers of email 

size. This results in a large proportion of their produce 

being distributed among the "seed' (tables V and VI) thus 

providing for a high rate of increase of these types in 

crops. 

Rate  / 
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September. 
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Pig. 2 TIEW OF TJBS PROM ROWALVIT NUMBS OF NORMAL, BOLT. L'D SC-BOLTER PW1T OF 
ARRAN PILOT 1RV3T!D AT wuT INTERVAT$-$47. 

Total no. of tubers shown thus 
Tubers over 2" diam. shown thus - - - - - 
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I 

-... ----.--. 

Sept. 

Total no. of tubers shown thus 
No, of tubers over 2" disa. sPmi thus - - - - - 
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Pig. 4 - flEW OF TtBS FROM EnUIVAIWT NtBR$ OF WOM&L, 3)LTR, AN]) SMI-BOTER PIAN?3 OF 
ARRAN PIWI' HARVS) AT WLY NT1RVAI-1947. 

Augit 
	 September 

Noe of tubers over 2" di&m. shown thus  
No. of tubers under 1" diaii. shown thuB -  - - - - 
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ARRAN pmor HARVESTED AT WEEM INTER VATaS-1 98. 
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j 

0 
1 

Fr 	 Vi L%J 	V- 	J ''J " -' 	 -. 	 - 

A1RAN nwr HRV3T AT '1i1KLY NTERVALS4947. 

kugut 	 September 
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Rate of Tuber Production and Development in 
Normals, Semi-bolter. and Bolter. 

Material and Methods 

In 1947 and 1948, on the dth May and 5th April 

respectively, large plots of some 300 plants of each of the 

three types in the 'variety Arran Pilot were set out. 

The material for the investigation consisted of normal and 

semi-bolter tuber. - the former saved from the selected 

stock, 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 normal and 

semi-bolter stocks was unnecessary in the preparation of the 

bolter material. Throughout the growing season, Z) plants 

of each condition were harvested at weekly intervals. 

The produce of each group of plants was graded by riddle and 

the weights, nusbers 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 normal 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 / 



mainly obangss in the sizes of the tubers alreadjr formed, 

same ran.iniD.g small and others increasing in size. The 

weekly decreases in the nabers of small tubers (under 1k') 

subsequent to the period of maximom tuber production and 

the corresponding increases in the numbers of tubers over 

2' in diameter are shown in figures 4 and 5. In the case 

of the bolter plants, the some trends were observed but the 

period of maxim= tuber production was reached approximately 

5 weeks after that of the normal and semi-bolter plants. 

The data, therefore, indicate that tuber production is 

not a continuous process, but that meat 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 (a) 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 and 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 crelating the rate of tuber 

production / 
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production and d.v.lop.mit with the stage of growth of the 

plants, however, the limitations of the present preliminary 

investigation are realised. 

The slight decrease in total weight of tubers towards 

the and 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 ripens. Theae are likely 

explanations with which the present writer agrees. 

Although the coope of this investigation was too 

limited to yield definite information 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. 



DISCUSS 10$ 

Before attempting to describe variations or to compare 

with the normal, their cropping capacities and general 

performance under field conditions, it is first necessary 

to ensure that 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 plant.. The 

differentiation of bolters and semi-bolters from normals, 

)ever, 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 detail and (0) that the habits of 

normal plants can be altered, by various cultural practices 

and 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 abnormal fbrms tend to 

produce smaller tubers and give poorer yields than normal 

plants. During grading operations, the pro Eace of these 

aberrant types become, distributed among 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 tact that a crop is completely free from variations, 

in any one year, cannot be taken as an indication that 

the seas desirable condition will hold in succeeding 

seasons. 	These variations 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 . 

While the mechanism responsible for the appearance of 

variations remains obscure, Whitehead, McIntosh and 

Findlay (1945) suggested that variations may be induced 

to occur in crops as a result of injury to the tuber 

"eyes". This theory has been accepted by Bewell of the 

Canadian Department of Agriculture, who (in a private 

communication) stated that normal and giant bill steam had 

been observed emerging from the same sett and that there 

was a distinct difference in the tuber types obtained from 

the normal and giant bill stems of the same seed tuber. 

Both normal and bolter stems have been observed by the 

present writer emerging from the some seed tuber in the 

varieties Gladstone and Xing 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 support 

of this hypothesis and more research on the subject is 

required, but as variations can be produced artificially 

by/ 



by excising the 	of normal tubers, the explanation 

given may prove correct. To scam, the problem may not 

appear serious and it is admitted that many variations 

have not yet appeared in such quantity 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 crop.. The question 

of the effect of surface diseases such as ekinspot 

(Qospora puat*ilani) and corky scab (spongoepora subterranes) 

on the occurrence 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 very with the 

incidence of the causative disease. 

In the improvement of potato stocks by plant 

selection, the choice of plants is normally decided by 

appearance 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 there, 

for instance, differences in prolificness between 

apparently Onormall plants of the use variety, and are 

these differences related to seasonal growth conditions? 

If' 
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If one accepts the statement that a 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 resls 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 'noxl" plants differ in their 

requirements of conditions fbr maxi" production, as 

practical experience suggests, then the raising of potato 

stocks from single plants may have disadvantag.s and to 

ensure a satisfactory crop under all conditions, stocks 

derived from mixed individuals may prove more satisfactory, 
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Many foliage variations occurring naturally in potato 

crops are described and illustrated. 

Their varietal distribution in discussed. 

The nature of some abnormal types is investigated 

and these of a periolinal chimerical nature noted. 

The rate of mutation, of tubers fron normal plant., 

to the semi-bolter condition is investigated and 

provisionally noted at 	in the variety Arran 

Pilot. 

The yields of variations, excepting bolter and semi-

bolter types, are noted as being generally 

I 	 inferior to those of normal plants. 

A comparison of the cropping capacities of normals, 

semi-bolters and bolters in made and the rates of 

tuber production discussed. 
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The 	for the inspection of potato crops was 

first introduced in Scotland in 1918,  by the Board (now 

Department) of Agriculture for Scotland, with a dow to 

providing an adequate supply of reasonably pure stocks 

of potato varieties. It was not until 1932 that general 

health grading was began and virus diseases taken into 

consideration in the award of crop certificates. At 

first, only the severe virus diseases such as leaf-roll 

and sevre mosaic were included. Iron 1932 to 1936 the 

main iaprousent — in the sahame consisted of a 

lowering of the permitted tolerance of these diseases. 

In 1937, with the issue of a now higher grads certificate, 

mild mosaic was first introduced into the disease 

standards and officially recognised. Iron 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 oonorcisl potato stocks. 

In all potato crop certification ecrk, the virus 

disease aont.nt of the crops is assessed by visual 

exemination  of the plants. In this regard, inspectors 

recognise four grades of mild mosaic, viz., negligible 

mottle - which in 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 das&Wt&ticn 'mild ma. aio 

includes a limited range of severity between these two 

extrimes. I.seasea showing zMtoms more severs than 

those in the last-mentioned category are classed as 

severs mosaic. 

The classification of diseases according to the 

severity of the symptoms seen may be open to criticism 

in the light of present day knowledge, but from the point 

of view of the working at a practical acima1, ther. is 

little room for improvement and 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 

canes. Scott (194j) 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 mosaic is  shown to reduce ware yields by from 

40 to 85 per osnt. while leaf-roll results in a redtion 

in the ware of 75 to 90 per cent. 

The operation of the potato inap.ot ion scheme has 

resulted in a marked change in the proportion of virus-

infected plants in oweroisl crops. The scheme has 

served a useful purpose by reducing the inoidenae of 

severe diseases such as severe mosaic and leaf-roll and 

by removing the sources of further infection. An the 

symptoms of mild infections are lees easily seen, 

however, / 
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however, constant roguing of the more obvious diseased 

plants has resulted unfortunately, in the unintentional 

selection of mild virus strains in the majoritj of 

commercial seed stocks. 

The min weakness now apparent, in each a scheme ,  

is seen as a direct result of this unintentional 

selection. As the mild symptoms of infection are 

unatab]s and often duff iazlt to observe, differences in 

the health grading of related stocks of potatoes are of 

frequent occurrence. This is a most serious cause of 

discontent sman  growers who, often wrongly, attribute 

the differences to variation in the disease standards 

applied by the inspectors. It would seem that this 

anomaly most continus to exist until the health of 

potato stocks can be further improved to the extent of 

eliminating the mild viruses but this cannot be achieved 

by visual inspection of the crops. 

Iaprovmaents, however, can be aecoaiplishe4i in two 

ways (a) by breeding immune or field-imoune varieties and 

(b) by producing virus-free stocks from greenhouse 

tested plants. The former method is a long-term project 

which brings no quick solution to the present problem, 

but it is the only practical method which will produce 

satisfactory and permanent results. The propagation of 

stocks from virus-tested units also must be comparatively 

slow in effect. Th e  success of this method depends on 
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a otint*1 release of tested material to the powers 

since fresh Infections will mbe their appeerano. in the 

field istooln 	In the meantime, for the majority of 

growers, roguing aM plant selection remain the only 

practical methods of improving the health of their 

potato crops but in dealing with the milder types of 

Infection, great oare must be exeroia.d. ibis roguing 

and selection are 'tr.lik.iy to be completely satisfactory. 

the repeated removal of visibly diseased plants most 

lead to an improvement in the health of stocks 

particularly if attention is paid to the factors 

reaponzible for variations in symptoms. It we with a 

view to furthering this ksowledge that the present 

Investigation was undertaken. 

(ste of the enim factors leading to weaknesses in 

the present system of grading crops by visual ø 4nittian 

is the existence of strains of virus I each of which my 

differ in the ty pe and eevmr'ity of symptom produced. 

wdon (1948) states that "different strains my came 

such dissimilar 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 eny produce similai"  disease symptoms (Tiawden 

and Sheffield, 1944). The number of strains of 

virus I is doubtful, but Ichier (1940) puts the 

figure at 40. Further changes in symptoms occur as a 

result / 
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result of the unstable use of virus X itself. 

Wants at the virus may arise from time to time, banee 

the appearance of diseased plants in a crop need not be 

the result of fresh infections . but may be caused by 

the segregation of a me virulent form fran the virus 

previously present in the plants. 

Minor difficulties in ti4agnaelng  virus symptom my 

arise as a result of non-virus factor's. snob as frost or 

mineral unbalance, simulating disease symptom. Such 

occurrences. however, would appear to be rare and in the 

fourteen years' ezperie!oe of the writer of orop 

Inspection work, only once has difficulty arisen through 

this cause. Oookerhaa (in a private communication) has 

mentioned one ins tenas of the appearance of omaic-like 

symptom on a orop of Arran Pilot in 1931 and expressed 

the opinion that frost was the causal agent. WoXay and 

Clinch (1945) have more recently prodnoed airoiaatantial 

evidence of frost injury simula ting virus mottles. 

They quote instances of crop.. derived from certified 

seed, showing wholesale mottling of the foliages and 

indicate that this ray have been due to the effect of 

near-zero or below-zero temperatures since glasshouse 

teats showed the affected plants to be free from virus 

or, in some instances, to contain only a very edid strain 

of virus I snob as would be tmlikety to result in the 

appearance of the severe symptom seen. Other instances 

of! 
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of am-virus factors - mainly of a me"i*l nature - 

causing mottling or rolling of the loaves of plants, have 

been recorded by various waiters, notably Owen (1937), 

Rigot (1947), DNtni* (1948) end.nlq (1949). 

The apparent differences in the disease content of 

potato stocks of the same origin and the apparent 

variations in the standards applied by inspectors in 

grading the crop* may be duo to causes other than these 

Mentioned. Amongst these are (a) differences in the 

efficiency with which roping is carried out, (b) the 

effects of different environments under which the crops 

are gxn and (a) differences in cultural methods used 

in producing the crops, e.g. time of planting, etc. 

It is understandable that the differences between stocks 

own from similar seed may be the result of efficient 

roguing on the one hand and inefficient roguing an the 

other. The effects of environment and cultural practices 

on the apparent disease content of crops, however, are not 

well understood. The present work, therefore, has been 

undertaken to obtain further information on these factors. 

The general effect of .nvirosent in causing symptoms 

to vary in severity, has been noted often but specific 

details are difficult to find in the literature. In 

1 947, a preliminary experiment was conducted, by the 

writer, to show that enviroonent was responsible for 

apparent differences in the mosaic content of potato 

crop / 
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crops grown from the se seed. £ consignment of 

Majestic grad. B" seed was divided up and planted an 

six different farms in the counties of Angus and 

Kincardine . The differences at any one time in the 

awta of visible mottle and mosaic, between the six 

centres, were very earked although it is clear the actual  

disease contents were fairly similar. The following 

year, 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 examination. The results are given briefly below 

in Table. VII and VIII. 

Table VU 

location of 
Crop, 1947 

observed 
durina j_ 

on 
21 stABOO 

1 2 1 2 

Forfar 96 24 52 11 

Pettercairn 93 27 81 27 

Arbroath 90 26 58 18 

Brechin 99 28 99 25 

Meninuir 90 28 54 14 

Carnouatie 75 13 72 13 

Table VIII / 
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Table VIII 

location of 
Crop, 1 948 

Source of 
Stock 

rin 	% observed 
season 

on 
9th  

1 2 1 2 

last Craig. Forfar 55 14 41 10 

Pettercairn 43 
N 

12 40 12 

Arbroath 63 16 52 16 

N  Breoh'n 54 11 42 11 

* M.iuir 76 23 30 22 

Carnoustie 72 18 47 14 

I 	all mottles 
2 	mild mosaic 

Davidson. (1933) states that *ymptus of mosaic 

infection are more clearly seen dsring periods of moist 

cloudy weather and that bright sz.htne moy completely 

mask virus mottles. It is uncertain whether this writer 

in referring to the difficulty of observing symptoms in 

bright sn*Mle or whether he suggests that the mottles 

aatuall.y b.ocme less severe and disappear altogether. 

However, as sunshine and air temperature are closely 

linked, it winbe seen from the present investigation, 

that the latter in to be expected. In India, Yaaud*va 

(1947) has observed that diseased plants may cease to show 

symptoms for a time but that later, symptoms may appear. 

Sonm preliminary work on the environmental effect on 

Symptoms / 
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sysirptces has been conducted by Matthews (1949)  who 

concludes that the factors concerned can aauae variations 

in a.yj4ona which are only equalled by the different 

manifestations of symptom severity resulting from the 

effect of different strains of virus. 

Fron the weit of others, it is observed that the 

*Mtcmw of leaf-roll infection also are dependent on 

environmental factors for their true manifestation. 

Felton (1948) has sheen that certain 000binations, of 

temperature and moisture may influence the tine of 

appearance of symptoms and even mk the symptom. It 

is shown that at temperatures around 600p. to 700F., 

leaf-roll symptom appear quicker in wet than in dry 

soils. When temperatures are abnormally high, the 

appearance of symptoms may be delayed in plants grown on 

wt soils while those on dry soils may not show qaptens 

at anytime. 

Leaf-roll sjmptom not resulting fron virus infection 

have been the subject of a stu4y by Le Clerg (1944) who 

mentions the difficulty of differentiating virus leaf-roil 

fron non-virus leaf-roil towards the latter half of the 

growing season. He suggests that non-virus leaf-roll 

may be a heritable character but that the expression of 

rolling on the leaves may be dependent on environmental 

factors. Although this statement is not based on factual 

data, it seems to bear out observations made by crop 

inspectors / 
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inspectors in this country during the summer inspections 

of potato crops. False-rolling is frea.nt]y encountered 

and seems lo be a feature of certain varieties of which 

Gladstone is the best kno. The condition is not 

always observed and is ecst prevalent in certain years 

and on certain soils particularly v6en dry conditions 

prevail. 

The sechanism responsibie for variations in symptom 

is unknown and attempt& to explain it are purely 

speculative. Fron the practical point of view, however, 

the nature of the process may not be of great Importance 

but it would seen to merit investigation. 
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The objectives aimed at in this investigation may be  

stated generally as follows: -  

to examine the effect of climatic factors on 

leaf-roll and mosaic syaptons. 

to examine the effect of time of planting on these 

disease symptoms and to correlate the symptoms 

with the age and star of growth of the plants. 

(a) to examine the effect of shading on disease 

-3. 

Variety - For the purpose of the experiment, the 

variety of potato 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 and to 

virus I. The latter virus is mainly responsible for the 

mosaic diseases and exists in a umber of strains which 

produce syaptcuas 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 we reasonably stable and uniform when fully 

expressed, but the latter exhibits a range of severity of 

symptoms depending on the particular strain of the virus 

concerned. For test purposes, the different seventies of 

mosaic / 
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mosaic symptoms, ranging from slight to severe, were given 

the following dsi.ations; - 

negligible mottle 
mild mosaic (lower limit) 
mild mosaic 
mild mosaic (upper limit) 
severe mosaic 

These we in keeping with the standards of syton 

severity applied in grading crops for health wider 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 

control.. 

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 seventies of mosaic infection. Two types of 

symptom are generally recognised in leaf-roll (a) primary 

symptom which are observed only during the growing season 

in which the plants first becene infected and (b) secondary 

symptoms which appear each year thereafter. An 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 specific 

viruses / 
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viruses or virus strains present in the plants although 

the mosaic qmptoms were almost certainly due to virus I. 

The material selected in 1946 became the foundation of the 

whole of the investigation although fresh selections were 

made from its produce in 1947 and I 948 where contamination 

with leaf-roll had taken place. 

Treeteent - As no two tubers can be assumed to be 

alike in virus content even though derived from the same 

plant, each tuber to be pleated was out into 3 parts in 

order that the corresponding plants in the various plots 

could be developed from portions of the seae parent tuber 

end, therefore, would be comparable. To ensure that the 

seed pieces were as nearly alike as possible, the outs 

were made longitudinally from rose-end to heel-end in such 

a way that each portion was approximately of equal size and 

weight and had approximately the same number of eyes 

although, in previous preliminary experiments, it was 

observed that portions of the earns tuber however out, gave 

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 eliminated by sterilising the blade after each cutting. 

Each out tuber was placed in a partitioned box and separated 

from its neighbours by sterile paper sheets • The out 

pieces were prevented from drying-out by leaving a ___ 

of tissue uncut which served to hold the three parts of the 

tuber / 
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tuber together, until planting time when they were broken 

apart. On completion of the cutting, the seed pieces were 

covered with damp sacking for 48 hours to facilitate 

healing of the wounds, then set aside to sprout. Airing 

the preparation of the material, the out 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 and 

plants derived from pieces of the same parent tuber could 

be compared. 

Plot Lay-out - In conducting the investigation into 

climatic effect in 1947, a series of plots was laid doen at 

ast Craigs, Corstorphine, and replicates planted at Boghall 

Farm, Lothianburn and Aweethop., Iasselburgh. The cor-

responding plants at each oentre were derived from portions 

of the same tuber. These sites were chosen as being 

sufficiently far apart to show some differences in climatic 

conditions while being close enough to enable the plants to 

be examined weekly and on the same day. The weather 

records for the three centres proved remarkably similar. 

Sol.l samples tr each centre were analysed and manurial 

mixtures applied, at planting tine, in such quantities as 

to make the manurial 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 &ymptans was estit.d 

to be negligible. In 1948  and 1949,  the plots were 

located at Mast Craig. only. 

To investigate the effect of date of planting, age of 

plant and stage of growth on disease symptems, each portion 

of the same tuber was planted at the ease centre but in 

separate plots and at different times. The ease procedure 

was adopted in examining the effect of shad, except that 

all portions of the ease tuber were planted at the sane 

time and two of the three series of plots later shaded, the 

third being used as a control. 

All the disease categories, previously mentioned, 

together with healthy controls were included in the plot. 

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 ceitted, since the 

symptom exhibited were too severe to enable variations to 

be recogeisable. each year, all plots were planted on the 

same day except, of course, those concerned with different 

times of planting. The planting plans given in fiire 8 

will serve to ashe the lay-cat clear. 

Methods of Recording Reau]rts - In ffi*kfng  symptom 

observations on mosaic plants, particularly in different 

localities, the difficulty of making an accurate comparison 

was foreseen. To obviate this difficult, "standard 

mosaic diagrams" were prepared. These diagrams, numbered 

1/ 
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I to 6, shosed pictorially, the vwious seventies of 

mosaic and could be carried from place to place thus 

ensuring that a uniform standard of symptom severity was 

applied in mAking comparisons. Ziaborate notes were 

dispensed with in favour of tabulated chants on which were 

entered numbers from I 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 proposed 

to set down the results for each of the plants examined 

during the investigation (1,400), but specific figures 

indicative of the results obtained wiU be given. In the 

case of leaf-roll where qaptaea are more uniform, charts 

w*re not required and only 4 stages in the davelopeant of 

the disease (indicated by the numbers I to 4)  were 

recognised. In order to eliminate the personal element 

involved, the decisions of the writer were recorded by a 

second person thus naldug reference to previous notes 

impossible. 

Meteorological Data - Rainfall, h*widity, air and 

soil temperature records for each locality in which plots 

were grown, were kept, the data for Boghall and Musselburgh 

being auaented by Information kindly supplied by R.N. 

Meteorological Office, Zdinburgh. 



Figure 8. 
Plot Iai-out 

Plot Swiss £ Plot Series B 	Plot Series C 

I I I 
2 2 2 
3  3  Ilegligibi. 
4 4 4 Mottle 
5 5 5 
6 6 6 

I I I 
2 2 2 
3  3  3  Mild Mosaic 
4. 4. ii. (lower limit) 
5 5 5 
6 6 6 

I I I 
2 2 2 
3 	- 3  3  Mildseic 
4. '4 4. 
5 5 5 
6 6 6 

I I I 
2 2 2 
3  3  3  Mild Mosaic 
'4 4 '4 (upper limit) 
5 5 5 
6 6 6 

I I I 
2 2 2 
3  3  3  Severe 
4 4. 4. Mosaic 
5 5 5 
6 6 6 

I I I 
2 2 2 
3  3  3 	______ leaf-roll 
4. 4. 4. 
5 5 5 
6 6 6 

I I I 
2 2 2 
3  3  3  R.a1t1 
'4 4 4. (Control) 
5 5 5 
6 6 6 



I . To Examine Xnvirowaamtal Wfeatz - 

a) lay-out as above. 

a) 1947 - £ a Lest Craigs; B = Bosll; 
C * *iseelburgh. 

I 94.8 and 1949 - A, B and C at Last Craig.. 

a) The corresponding plants in each disease 

category were derived from portions of 

the same tuber, e.g. in negligibie mottle 

group Al • BI • Cl eta. 

2. To Axomins Date of Planting Lif eat:- 

Lay-out as above. 

A - early planted plots) 

B = mid-planted plots 3 
C - late planted plots 3 

Series A, B and C 
planted at sane 
o.ntre 

a) The corresponding plants were derived as 

explained in 1. above. 

3. To Iair. Shading Effect;- 

lay-out as above. 

series A and B shaded. Series C - control. 

a) Only 3 tubers of each disease category used 

instead of 6. 

d) The corresponding plants were derived as 

explained in 1. above. 
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Effect of Seme Climatic Factors on Disease Symptaea 

This experiment was conducted to examine the effect 

of certain olimetic factors on the disease symptoms of 

plants affected with leaf-roll and mosaic viruses. The 

method of planting is shown in figure 8. Six tubers of 

each of the wsaic disease categories, previously mentioned, 

with the addition of leaf-roll and healtkW controls, were 

each cut into 3 portions. In 1947  one portion of each 

tuber was planted at East Craiga, the remaining two pieces 

being plaited in replicate plots at Boghall and Musselburgh. 

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 out tubers were planted in the 

same area but in 3 separate plots, however, as no signifi-

cant differences in symptoms were apparent between the 

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 

experiment, records of air temperature, soil temperature, 

rainfall and humidity were made. The.a 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 fi.irss I to 4. 

The / 
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The figure 1 was used to indicate very slight symptoms. 

Here the plants showed only an unnatural rigidity of the 

apical leaves which were carried stiffly upwards. The 

figure 2 was used where the symptom 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 of 

the top foliage together with slight upward rolling of the 

edges of the leaflets of basal leaves of the plants, the 

figure 3 was used. Figure Ie indicated very severe symptom. 

In this case all the previous symptns were accentuated and 

the basal leaflets were markedly rolled and carried stiffly 

upwards. 

To cover the wider range of symptom in the mosaic 

infected plants, the different degrees of severity were 

indicated by the figures 1 to 6 where I indicated an almost 

invisible mottle, 6 very severe mottling and distortion of 

the leaflets, and figures 2 to 5 the various stages of 

mottle snd/r distortion falling between the two extra. 

s.f-roll 

The symptoms appearing on the leaf-roll infected 

plante are given in Tables U and I. 

Table 11/ 
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Table U - ayaptia an Leaf-roll Infected Plants 

ast Craigs Muase Thurgh Boghall 

Plot A Plot B Plot C Date 

Plant No. Plant No Plant No. 
; . 

1947 - 

Jm.e24. 000000 200011 101100 
July 	1 003332 202222 213311 

8 
• 	15 

2 23333 
444444 

323233 
444444 

313313 
444444 

*22 444444 444444 444444 
• 	29 444444 444444 444444 

Aug. 	5 444444 444444 444444 
" 	12 444444 444444 444444 

19 
" 	26 

444444 
444444 

444444 
444444 

444444 
444444 

Sept.2 444444 444444 444444 
$ 	9 

16 
444444 
444444 

444444 
444444 

444444 
444444 

" 	23 444444 444444 444444 

The figures in Tables IX, I, XIV, IT and UI ar. used 

to indicate the degree of severity, the extremes 

being:- I - "my slight" (slightly rigid) and 

4 - very severe (ooep]ete rolling of lower 

leaflets and stiffness and yellowing of apical 

foliage). The figar. 0 indicates that no syaipts 

were apparent on the date examined. Blank spaces 

indicate that the plants had not emerged. 

Table I / 



1 14. 

Table I - 

Symptoms on Leaf-roll Infected Plants at Bast Craigs 

Plot A Plot B Plot C 
Date 

Plant No. Plant No. Plant No. 
__ T 
1948__ - - 

Juno 22 111111 110011 11111 
28 222222 222222 222222 

July 	6 333223  333233  333333 
•' 	13 44444.4 4.44444 444444  
N 	19 44141414 41 4141414 414 1414 k 4  4 

1949 
June 1 3 000000 000000 00) ) ) ) 

" 	 27 144144 444444 44444 
July 13 444444 444444 44 K 4 44 

' 	 19 444444 444.444 4.4 . 4. 

25 444444 4.44444 44. i44 

The tables show that in 1947  and 1948 the symptans 

increased in intensity oaring the first three weeks of 

observation at each centre and that there were no aazted 

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 sir temperature, soil temperature and rainfall occurred. 

Reference / 
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asrerenoe to the data for plots grown at east Craig* 

during the three years of the experiment, shows a 

difference in the time of appearance and rate of develop-

merit of symptoms between the years. These differences 

are clearly shown in Table 111. 

Table II - teeny Differences 

Weeks from 
Date planting to 

Tear Planted  appearance Progress of Symptoms 
of full 
ymptoms 	-- 

1947 15th May 8 - 	 2-3 	3 	4 

1948 14th April 12 1 	2 	3 	4 

1949 19th April 9 - 	 1-4 	4 	4 

In 1947  the development of symptoms from nothing 

visible to stage 4  occupied a period of 4 weeks. In 

1948 the symptom severity rose from stage I to stage 4 in 

the same period of time. In 1949, however, the symptom 

severity increased 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 

daring 1949 were more muted 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 CC the 

potato plant, may canse marked seasonal variations in the 

time of onset of typical secondary leaf-roll and also have 
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a retarding or accelerating effect on the progress of 

symptom develoent. After syaptau are well established, 

ever, the Inical gtede 4 symptoms appear to be 

unaffected by day to day changes in the weather. 

Mosaic 

The results of the observations made on the various 

categories of mosaic infected plants are given in Tables 

XII and XIII. 

Table XII - Symptoms on Mosaic Infected Plants 

___ 

 

East Craii I 

04 0 04 

Date h H I H Examined 

bo r4 

Z 

1 947   
June 	24 0 0 1 5 6 
July 	1 1 1 2 5 6 

" 	8 1 2 3 5 6 
" 	15 0 1 3 5 6 
' 	22 1 1 3 5 6 
n 	29 2 3 4. 5 6 

Aug. 	5 1 2 4 5 6 
' 	12 1 2 3 5 6 
' 	19 3 3 4 5 6 
" 	26 2 3 3 5 6 

Sept. 	2 2 1 3 5 6 
" 	9 2 3 4 5 6 
q 	16 2 3 4 5 6 
" 	23 2 3 5 _L 

1942 
June 	22 0 1 2 5 6 

28 1 2 3 5 6 
July 	6 2 3 3 5 6 

13 2 3 3 6 6 
" 	19 3 3 4 6 6 
" 	26 3 3 4 6 6 

Aug. 	3 2 3 4 6 6 
" 	10 4 4 4 6 6 
' 	17 3 - 	3 4 6 6 

1949 
June 	13 0 1 1 - - 

" 	27 0 0 0 - - 

Jul1y 	13 0 3 3 - - 
" 	19 0 4 3 - - 
' 	25 0 3 3 - - 

Aug. 	2 0 4 3 - - 
l 	16 1 	0 1 	3 .. 1- 
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The figures shown in Tables XII, XIII, XVII, XVIII 

and XU indicate the degree of severity, the extrs 

being.- I - "very slight mottle* and 6 - "very severe 

mottle aoapanied by puckering of the leaflets". Tbm 

figure 0 indicates no syRptcas. A blank space indicates 

that the plants bad not emerged. 

Table XIII - Symptoms on Mosaic 
Infected Plants 

ToaU  
0+' 
,-1r1 r1 

0+' 
.r4r1 

rfr4 0 COvl 
Date bO +' 

m.ri 
Or-I 0 Or-I 

)0 
S.irl 

Examined 
.+' 
r-4 	0 

* 
r4 r4 rIL. 140  :09 
-rIO •r4 •f-I4 

1947 
June 24 1 0 2 5 6 
July 	1 1 1 3 5 6 

2 5 6 
" 	 15 1 2 2 5 6 
" 	 22 2 3 4 5 6 

29 2 3 4 5 6 
Aug. 	3 2 3 4 5 6 

" 	 12 1 2 4 3 6 
" 	 19 2 3 4. 5 6 

26 3 3 4. 5 6 
Sept. 	2 2 3 4 5 6 

" 	 9 2 4 4 5 6 
" 	 16 . 4 4. 5 6 
" 	 23  4 1 5 

lius selburgh  

1947 
June 	24. 0 0 2 5 6 
July 	1 0 1 3 5 6 

8 1 2 3 5 6 
15 1 2 3 5 6 
22 1 2 3 5 6 

" 	 29 3 3 4 5 6 
Aug. 	5 2 3 3 5 6 

12 2 3 3 5 6 
19 2 3 3 5 6 

Tha/ 
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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 time 

showed a certain correlation with the air temperature 

which is, no doubt, partly determined by the temperature 

of the soil and the amount of rain failing. Repetition 

of the experiment, using equipment which would permit of 

these factors being controlled independently of each other, 

would probably shm further correlations. 

It 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 symptom was difficult since the 

leaves were not completely uniblded and results, therefore, 

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 Zast Craigs in 1947 (Table XII) it was observed 

that a fall in the air temperature between the 24th June 

and the 8th July corresponded with an increase in the 

severity of symptoms on plants in the "negligible mottle", 

"mild mosaic (lower limit)* and 'iiid mosaic" categories. 

8japt / 
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Symptom of a more sever, type showed no perceptible 

Change. Between the 8th and 15th JuLy the temperatures 

rose steeply. This was reflected in the reduction of 

symptoms on the plants partiotalarly in the lowest grade 

of mosaic where the symptoms completely disappeared. 

Airing the week ended 22nd July, the temperature dropped 

and a reappearance of symptoms was observed on the plants 

in the lowest group without any perceptible difference In 

the severity of symptoms on the other groups of plants. 

As the temperature continued to drop, however, the effect 

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 symptom, 

but the fall in temperature during the following week 

caused a reappearance of stronger symptoms. From the 

middle of August until the and of September, there were 

minor fluctuations In temperature but the general trend 

was one of steay decreese until the end of the month. 

Awing this time, the symptoms showed little variation. 

The plants were them fairly mature and showing signs of 

ripening. 

Airing 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 50?. in the 

average / 
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average weekly maximum temperature. The gradual rise 

in temperature up to the 26th July appeared to have Uttie 

effect an the symptoms but those on the milder infected 

plants were reduo.d during the week ended 2nd August when 

the temperature rose steeply. This was followed by an 

increase in the severity of the symptoms during the 

following week when the moan temperature dropped elmoat 

90?. A alight 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 ripen' ng and the yellowing of the foliages 

made the identification of mosaic difficult and further 

observations unreliable. 

In 19490 the samsr temperatures were comparatively 

high and it was observed that ht no time during the 

season did mosaic symptoms, however mild, appear an any 

of the plants originally classed in the "negligible 

mottle* category. The slight symptoms which were 

apparent an the plants in the "mild mosaic" group 

completely disappeared between the 13th and 27th June. 

During this period, the air temperature had risen 

considerably and the average maximum temperature for the 

week had reached 73°?. By the 19th July severe symptoms 

had appeared on many of the plants corresponding to a 

drop In temperature. Por the reminder 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. 

Daring 1947, apart from minor differences, the 

weather data recorded at Boghall and Numselburgh were 

remarkably similar to those noted at Last Craigs. At 

these centres, the effect or temperature fluctuations on 

mosaic eyaptama was again evident although the variations 

in aympt were less marked. Again the greatest 

variation appeared in the less severely infected plants. 

The changes in symptona were often so slight that, 

although apparent to the eye, thv were difficult to 

record by means of tim standard figures used throughout 

the experiment. 

At Iusselburgh. 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 

and difficult to examine, the observations were 

discontinued. 

Conclusions - Daring the course of the investigation, 

it was evident that olimatic changes had a anh greater 

influence on mosaic symptoms than on leaf-roll symptoms. 

I 	The symptoms of the latter disease, once established, did 

not vary with climatic conditions but mosaic symptoms 

appeared to be such less stable. It is noted from the 

results obtained that high air teaperatures tended to 

suppress mosaic qmtoms while the symptoms appeared to 

increase / 
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increase in intensity as a result of a drop in temperature. 

The tigarea also sbAw that the milder qMtms were more 

subject 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 after a time, the fluctuations in 

temperature was not ascertained in the present investi-

gation as records were mate 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 disappeared completely, mottles were still 

in evidence on the lower leaves although the severity of 

the qaptana 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 crop in 

full leaf and to the fact that the apical foliage is 

young growth. It will be sham in a later section that 

shade my 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 change did take place, it was not 

apparent to the observer. The group of plants used as 

controls, rmined completely free from any symptoms of 

disass, with the exception of two plants in the 

ins aelburgh plots. Theae two plants latterly exhibited 

a very mild battling of the leaves. A greenhouse 

analysis of the foliage, however, thowsd the presence of 

a mild strain of virus I indicating that the plants had 

become infected during the course of the investigation. 

Effect of Time of Planting on Disease Svmttces 

The lay-out of the plots used in this experiment is 

shown in figure 8. The material consisted of six tubers 

of each of the following disease groups, vi.., leaf-roll, 

negligible mottle, mild mosaic (lower limit), mild mosaic, 

mild mosaic (upper limit) and severe mosaic. Healthy 

plants previously tested and found to be free from virus 

infection formed the control plot. As previously 

described, each tuber was out 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 tin remaining 

pieces 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 wer, derived from the same 

parent tuber. In 1947 this 1.y-out was replicated at East 

Craig., Boghll, and Musaelburgh and in 191.8 and 1949  the 

experiment was repeated at East Craig.. Each series of 

plots was planted on different dates. The time elapsing 

between the plantings varied fraa I to A. weeks. 

The method of recording results was as described under 

'Material and Methods". Notes on the severities of the 

symptoms were mado at regular intervals. 

Leaf-roll 

The results of observations made on the leaf-roll 

plots are given in Table. XIV, XV and XVI. 

Table XIV / 
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Table XIV - Date of Planting Related to Leaf-roll Sptns 

East Craig  

Date Plot A Plot B Plot C 
R3C1nd lanted 15.5.47 

1  Planted 9.6.47 Planted 23.6.47 
Plant No. Plant )lo. Plant No. 

i 2,3 4 516 1 2131 
. Ii 

1947 
June 24 0 0 0 1 0 0 
Julyl 013300000000 

" 	 8133333000222 
15 4411+44020 222000000 

" 	 224444.44.040242000200 
"29444444444444334433 

Aug. 	5444.444444444444444 
124444.4444444.4444.4.44 
19  41 414141 41 4 ~ I  414141414 41 41 41 41 41 4 

Planted 14.4.48 Planted 12.5.43 Planted 9.6.48 
1948 
June 22 I 1 1 1 1 1 0 0 1 1 0 1 

of 	28 
July 6 

2 
3 

2 
3 

2 
3 

2 
3 

2 
3 

2 
3 

2 
2 

2 
2 

2 
3 

2 
3 

2 
2  

2 
3 2 2 2 2 0 0 

13 444444333434 222 22 
1944444444444422222 2  
26444444444444333334 

Aug. 	3 4. 4 4 4 4 4 4 4 4 4 4 4 4 4. 4 4 4 4. 
10444444444444444444 
17 

Planted 19.4.49  Planted 26.4.49 Planted 3.3.49 

1949 
June 13 I I I I I I I I I 1 1 1 0 0 0 0 0 1 

" 	 27 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
July 13 44444444444.44444.44 

194444.444.4.444444.4444 
N 	25444444.44444.444.4444 

Table XV / 
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Table XV - Date of Planting Related to Leaf-roll Symptoms 

Plot A Plot B Plot C 
Date Planted 15.5.47  Planted 9.6.47 Planted 23.6.47 

Plant Z(Q. Plant No. Plant No. xained 
11213141516 11213141516 1 1 2131415116  

Bogliall 

1947 
Jime24 0 0 0 0 
July 1 0 0 0 3 3 0 0 0 0 0 0 0 

" 	 8220330000000 
15 434444014103000000 
2244444401413)000000 
29444444444444220223 

Aug. 	5444444444444223223 
12 

Musaolburgh 

1947 
June 24 0 0 0 0 0 0 
July 	1 0 0 0 1 0 0 0 0 0 0 0 0 

8132222200100 
15 3 3 3 4 4 4 3 1  3 1 1 1 0 0 0 0 0 0 
22 4 4 4 4 4. 4 4. 1  3 1 1 3 0 0 0 0 0 0 
2944444.4444334010111 

Aug. 	5 4444.44444334032333 
12444444444444444444 

Table XVI / 
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Table XVI - Date of Planting Related to Time of 
Appearance of Leaf-roll Symptaas 

Plot Date Planted 
Stage of 
'Severity  

Time of Appearance 

Bgha11 Muaae]bargh 

A 15.5.47 1 

East Crai1

61 
40 days 46 days 47 days 

4 60 61 

B 9.6.47 1 29 	" 36 	' 29 
4 43 	" 50 43 

C 23.6.47 1 29 	" 36 36 
4 36 49 	H  43 

A 14.4.48 1 69 
4. 9011 

B 12.5.48 1 41 
4. 62 

C 9.6.48 1 27 
4 55 	'I  

A 19.4.49 1 55 
as 

B 26.4.49 1 48 
4. 78 

C 3.5.49 1 40 
4 70 

lan 

Consider first the results obtained from the 1947 

investigation. At all three centres, 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 not out 14 days later or 39 days 

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

will be seen that in Plot £ the appearance of 3yaptome at 

Nast 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 and 14, days later the stage 

of full development of secondary leaf-roll had been reached. 

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 mexisiim severity of symptom was noted 

7 days later as compared with 14, days in the case of 

plot B. 

At Bogh*ll (Tables IV and UI) symptoms on all plots 

were later in appearing than at East Craigs by 

approximately one week although the plots had been 

planted on the same days at both centres. In 46 days 

from the date of planting, sympteas began to appear on the 

plants in plot A and in 61 days full development of 

secondary leaf-roll symptoms was noted. In plot B, the 

first appearance of symptoms of leaf-roll infection showed 

36 days after planting, followed 14 days later by complete 

rolling of the laser leaflets of the plants. The first 

symptoms on plants in plot C appeared in 36 days as did 

those / 
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those in plot B end the full symptoms were observed 

13 days later. 

At Musselburgh (Tables IT and XVI), variations in 

the tim of appearance of symptom., similar to those 

observed on the plots at the other two 3entres, were 

recorded. In plot A, the first sips of the disease 

were apparent 47 days fran the planting date and the fully 

developed symptom of secondary leaf-roll appeared 14 days 

later. The symptoms in plot B appeared in 29 days and 

reached AL11 expression in 43 day.. Although the first 

symptoms on plants in plot C were later in appearing than 

those in plot B, symptom were fully expressed In the 

same awber of days from planting, vi.. 43 days. When 

the plots were located at East Craige in 1948 and 1949, 

the time of appearance of leaf-roll symptome an plots 

A, B and C showed similar variations (Table XVI). Both 

the initial symptoms and the fully developed symptoms of 

secondary leaf-roll appeared on the pleats in less time 

from the date of planting, in the later planted plots. 

Rate of Progress of 10sf-roll 33atoms - The data 

given in Table XVI show a marked correlation betwesu 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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motes on the sywpms were made at intervals of one week 

or longer,, it is suggested that the advance of stons 

was probably so rapid in some instances that, 000asiccally, 

some at the intezdiate stages were ads sod. The rate 

of progress of the ayaptons. bowever, men be judged by 

observing the length of time taken for the qaptcns to 

advance from the initial mild stage to the final severe 

stage. In Table XVI, the data recorded at East Craig. 

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 

per extreme. In the later planted plot B, the symptome 

were fully developed  in 14 days from the time of their 

qpeezsnos while in plot C the *Mtow covered the full 

range 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, l&te planting results in a 

aioker appearanc. of disease Mmtoms from the time of 

planting and hastens the progress of the symptoms tluough 

the several stages of severity. It cannot be deduced, 

however, that the date of planting is the main factor 

concerned in deciding the ti.e 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 turn will be controlled largely by 

the preva4-l(n .nvfrcm.ental conditions. Z*tan' planting, 

provided this operation is not carried out when the 

season is too far advanced, usia]ly coincides with 

climatic and soil conditions whii are more congenial to 

plant growth. 

Apart fron the observation that the disease sytons 

Increased in severity as the plants aged, there did not 

appear to be any clear correlation between the age of the 

plants and the manifestation of the symptoms. Tables 

lIT and XV show that plants of different ages way exhibit 

similar symptoms. 

Tharing 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 19479 secondary loaf-roll aMta ms  

appeared an the plants when the foliages were fully 

grown and the flrar linda were being foru.d. In 1948 

symptom became visible when the plants were in full 

flower but in 1919 the appeazme of symptoms coincided 

with a plant height of only 6' to 8' at whidi stage no 

flowering parts were visible. Plants derived from 

portions of the ame ,  parent tuber often showed intical 

degrees of severity of symptoms even when at different 

stages of development. 

mosaic 

Ths/ 
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The data or.lating mosaic &Mtoms end date of 

planting are given in Tables XVII, XVIII, XU and U. 

Unfortunat]y, the appearance of leaf-roll in the mosaic 

plots in 1948 and  1949 rendered the results invalid. 

Table XVII — Date of Planting Related to Mosaia 8jt. 

Last Craig. 
Plot  Plot  plot  

p4 	% 	L -i  Planted 9.6.17 Planted 26' 

03 
r4 

.1 •jl i-I 
0303E°) 

'-0 

I 0 03 

-' 

.9 . r1 
0+O0+'.r1 

03030)r1 

.-0 

•rf 'ri 03 03 •r 
0400+' 

rS . 	 .rl 03 
Date 

fl ( 03 -r4 03 0) 'i-I 0 a a a, 0) 0) 'rI  0 ,O dl 0) 0)  04  

•r-41 

r4T0r
, 

 r-4 

r-I 
rq 

i 
-4 

' 	 0 
r4 

E 
03 

rlO'dS 
trr4 

'q ir-40'tiC 'd id) 
bo~i 
03 r4 0 rI •rS 	P dl -f 	C •rI rI P 

0 
4) 'rI 

lr4r4p 
r1 'rS dl Z 

— - - — — — - - - - - - - - 

1947 
-- 

June 24 0 0 2 5 6 0 0 0 0 0 0 0 0 0 0 
July l 0125600000 00000 

N 	8113561132400000 
" 	15 1 3 3 5 6 1 1 2 5 6 0 0 3 4 0 
N 	22133561235611356 
N 	29233562235612356 

Aug. 	5 2  3 3 5 6 1 2 3 5 6 0 1 3 5 6 
" 	12 1 3 3 5 6 1 3 2  5  6 0 2 3 5 6 

19 2 3 3 5 6 2 3 3 5 6 0 2 2 5  6 
N 	26233562235601256 

Sept. 2 2 3 3 5 6 2 3 3 5 6 0 1 2 5  6 
N 	9233562335612256 
" 	16 3 3 3 6 2 6 2 2 3 5 6 
" 	23 3 3 3 5 6 2 a33  

- 

6 
- 

2 
- 

3 
- 

3 
- 

5 
— 

6 
a 
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Table XVIII - Date of Planting Related to Mosaic Symptoms 

Boghall  
Plot £ Plot B Plot C 
to ted 23.6.47 

. . . . ,1 • • . f 

OOIGI• o)a 
. ri 	r4 

0 r 0 Or-I .r4r4 0- 0 0 r-4 r1 r1 0 r-1 0 Q r-I 
0 

4 .4 ).44) 

bo r1 r1 r4 
O0 0 

r-I r-I 
r-IOød 

r4 
10Ø 
r-I  P
rl P 

 

Z r4 * Z 
f) 

P  
0) 

'- '- 
1947  

0June24. 003560000000 00 
July l 014560010000000 

81 12561120500000 
15113560133600004 
221 1456004460 1456 
29234362345612456 

Aug. 	5 1 1 3 3 6 1 2 3 5 6 0 0 2 5 6 
" 	12 1 2 3 5 6 1 2 3 5 6 1 1 3 5 6 

192 3456233561  1456 
26233562233601356 

Sept.2 234562335603356 
" 	92 345  6  2335613356 
" 	16 3 3 4 5 6 3 3 3 5 6 2 3 4 5 6 
" 	23 3 - 

3 
- 

4 
_ 

5 
— 

6  
— 

3 
— 

3 
— 

3 
— 

5 
— 

6 
- 

3 
— 

3 
— 

4 
— 

5 
— 

6 
— 
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Table Xii — Date at Planting Related to Mosaic Symptom 

usselburgh  
- Plot   PlotB Flat  

c PlantedQ.6. P 	todi i 

0 0-P0 0+2 .r44.) 0+00+'.,4 V Q+00+rl Date  
r' 	A - •,- .t..j r aj 

CO 
r-.1 .-I 	r1 

Ur1 

ri 
0 
C) 

.1 
05 
O)rl 

C')  
r.1 

0 
 

rlr 

•rl 	rI 

tOrf 

f1 
0 
0) 

11 	r1 (a 
C)r1 r4r4 

bo +' 
r4 

0 r-1 
W 
0 

Orf 
0 r.1 

O,-I ,-4 
bO+ 

0 

0 F.' 

F4 

Q 0 r-4 

N 

Q 

0 

b)+ 

0 r4 

0 -4 

94 

0 0 r-4 

14 -40 

v r-I 

4 

v-I 	ç j 

4)r4 

0 r•l Q "4 ) 0 v-I -1 H 4) 
Z r4brircZ -0-i Z •r4o-4c4. 

4) 4) 

1947 
June 24 011550000000000 
July  011560000000000 

" 	8022560222300000 
"15 1  23561 224500000 

22123560334602332 
29 1 34562333613456 

Aug. 	30 23360335602236 
12 1 23362335602356 

0 19123561235602356 

Table XX — Date of Planting Re]at.d to Time of Appearance 
of Mosaic Symptoms 

Plot 
Series 

Date Planted 
Time of Appearanoe 

East Craige Bogb.all Musaelburgh 

A 15.5.47 40 days 40 days 40dajs 

B 9.6.47 29 deja 22-29 days  29  d*ys 

C 236.47 22 days  days 29 days 

Time of Appea.ranos of Mosaic 3ytouaa — The results 

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

show that, judged from the date of planting, symptoms of 

mosaic infection tended to appear quicker when planting 

was delayed. 

Rat. / 
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Rate of PZQIae$$ of 5ywptc,u - 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 not necessarily prove 

valueleis wider the present investigational conditions. 

Age of P1ntj - Reference to Tables 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 Jime 

and mid-August. Thereafter the aymptoms remained fairly 

stable or continued to increase In severity but rarely 

becaxw less severe. The young plants in plots C, however, 

continued to show variable qmptoms. 

Conclusions - The remarks made, under leaf-roll, 

regarding the effect of late planting an the time of 

appearance of aymptcms, would apply to mosaic, viz., that 

the main factor deciding the tine of appearance of 

symptoms 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 tin, it would seem that the symptoms tend to 

vary / 
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vary re when the plants are young. An they reach 

turi1, the s.ynptoms b.aa*s awe stable and appear to 

be less effected by fluctuations in envirorI,rItal 

ociiditions. 

No correlation between stage of growth and severity 

of symptoms is indicated from the results. If, however, 

the minor variations in syaptom severity are disregarded, 

it in observed that the .ymptoms increase in severity as 

the plants increase in age and it was generally noted, 

during the experiment, that the awriman 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, XTIII and Ill that 

infections with severe strains of virus resulted in the 

appearance of severe ayaptwa whan the plants were 

comparatively young and that the symptoms appeared to 

remain unchanged as the plants increased in age. 

The results listed in those same tables again show  

that symptom variations occur more readily on the mildly 

Infected plants than on the plants infected with severe 

strains of virus. 

Ztfeot / 
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Effect of Shade on I.s*aae aytosa 

£ pr l4 'xy field .xperiaent was conducted at 

East Craigs to .4e the effect, if any,  of shad on 

syto*s. 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 was exactly 

similar to that described under "Tin. 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 seas day.  Here, therefore, three plants 

constituted a plot and a plot-series consisted of seven 

3-plant plots, vi.., I plot of each of the six disease 

groups and I plot of healthy plants. The plots in 

series A and B were covered by sheets of hessian material. 

Series C O  being the control set of plots, was untreated. 

The coverings were placed in position on 23.7.7 and 

r..oved on 5.8.47. The sheets were so adjusted as to 

restrict the light while maintaining, as closely as 

possible, the norl temperature conditions. 

The results of observations made on the leaf-roll 

plots are given in Table UI. 

Table III / 
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Table UI - Effect of Shade on Leaf-roll Stoma 

Date 
_____ 

Plot A Plot B Plot C 

Plant No. Plant No. Plant No. 
2 	3 1 	1 	2 	3 1 	1 	2 	3 

1947 
June 24 I I I I 1 I 1 2 1 
July l I I I I 1 1 1 21 

0 	8 222 222222 
" 	15 3 3 3 4 3 4 4 4 1 

22 4 4 4, 1 44.44 
29 300 3134.44 

Aug.5 000 002444 
" 	12 3 4 3 4 4 4 4 4 Ii, 
" 	19 4 4 4 i 4. 4 4. 4 4 
026 4.4.4 14 

The table shøue that, prior to covering the plots on 

23rd July, all plants in each of ihs three plots were 

showing fully developed secondary leaf-roll symptoms 

(stage 4). By 29th July, the s.yaptaoia on plants in the 

Shaded plots had begun to diminish and were almost 

completely absent on 5th Anaust. Leaflets which 

previously had been severely rolled  WWV 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 eqiaimnt for 

controlling conditions were not available, this proi i(naz7 

.zp.rimit does indicate that environment has an effect 

on swptom expression and that the differences in symptoms 

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

This / 



This fact is also suggested as & result of field 

observations mids by the writer in 1 946 daring the course 

of a leaf-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 

several counties in the Last of Scotland from Aberdeen to 

Berwick and were selected because several crops in the 

different localities had been derived from the same parent 

stock. Where the disease content had not been altered 

by roguing, related stocks were found to contain similar 

percentages of leaf-roll infected plants. The mani-

festation of the symptom, lever, differed between stocks 

derived from the sea. source. Crops grown on shallow soil 

were poorly developed and under--u. Infected plants 

In such crops showed severe rolling of the lower leaflets. 

Crops from the sans source but grown on rich soils were 

vigorous and tall with large leaves and abundant foliage. 

Iae.f-roll infected plants in then* crops were difficult 

to identify as the syaptceis on the top leaves were slight 

and rolling symptom an the basal leaves were often 

completely absent. Although no factual data were 

obtained, it is tempting to suggest that the disappearance 

of symptoms in the shade is due to (a) the absence of 

photosynthesis and (b) the removal of stored carbohydrate 

in the torn 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 trans location 

through the necrotic effects of the lent-roll virus on the 

phloen. Trenelocation is not completely Impeded, however, 

(Barton, Wright and MoBain 1933,  Cockerten 1933, 1939) and 

cons. qiant ly in the absence of photosynthesis, the 

conversion of starch to stagews and train location of the 

latter may take place 'lusty, so reducing the starch 

content of the leaves and leading to their unrolling. 

Mosaic 

Under the conditions of a natural environment in which 

this test was conducted, the results did not prove entirely 

satisfactory. It has been shown earlier that mosaic 

symptoms are prone to very as a result of a change in 

certain factors of environment. This being so, the 

fluctuating symptoms on the control plot did not permit 

of a strict comparison being drawn between the symptoms and 

those on the shaded plots. Although the change of 

symptoms on the shaded plots ccmld not, therefore, be 

attributed to the effect of shads, the Sanaral impression 

obtained was that shade tended to accentuate the symptom 

of mosaic particularly where the infection was due to a 

mild virus strain. The severely infected plants appeared 

to show no symptom change. That low light intensity say 

&ooentuate mosaic 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 symptom are absent fro* 

the reminder of the crop plaits Vowing in the open. 



DISCUSSION 

The results indicate that the man' *station and 

appearance of both leaf-roll and mosaic symptom are 

Influenced by several factors of environment and it a.m.a 

reasonable to assume that the few factors studied by no 

means oonatitute a complete list. In the tests carried 

out, the severe diseases appeared to produce symptoms 

which were fairly stable once maximumexpression had been 

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 

symptom similarly affected under more variable conditions. 

Nevertheless, the major problem facing seed grower. is 

the elimination of the mild mosaic infections which are 

often symptomless or dww variable 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 anomaly will continue to be 

present unless strict attention is paid to the factors 

affecting symptom and unless the time of inspection of 

the crop is timed to take pleae when option conditions 

for the appearance of symptoms exist. Obviously the 
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inspection and oertificatien of potato crops on a oountxy-

wido scale is too large an undertaking to enable full 

effect to be given to these considerations. The solution, 

therefore, appears to lie with the individual growers 'who 

need oocosrn themselves only with their own crops and thus 

are able to choose the times of roguing to coincide with 

the beat conditions for the work. The differences in the 

wsaio content of different crops derived from the same 

parent stock seen more apparent than 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 

do not vary to such an extent as to render them invisible. 

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 aphia-

transaitted diseases such as leaf-roll. Virus I, 

however, which is responsible fbr most mild mosaic 

infections is not insect transmitted but is spread by 

contact, and oonaeqent ].y district environmental 

conditions can have little effect an the spread of the 

disease from plant to plant except by their effect on the 

eisa of foliage and hence the amount of leaf contact-  

It is purely coincidental, therefore, that such districts 

are also favourable 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 

symptom and so make diagnosis of diseased plants easier. 

The study of factors which tend to mask mosaic 

syaptons and of others which cause the appearance of 

non-virus mottles resembling mosaic, has been m6ortakem 

by a few workers. but there is yet much to be done in 

this field. On the other hana, research on the subject 

of the masking of loaf-roll sywptons has been neglected 

almost completely in this country. It would appear, 

however, that this subject in sufficiently important to 

Justify much more investigation 	Likewise, the existence 

of strains of the leaf-roll virus has been suspected but 

not proved. During the current work, the differences in 

the appearances of certain groups of plants infected with 

leaf-roll was so 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 band, a virus 

complex may have been involved. 



SVMMARY 

Day-to- day variations in air temperatuire, soil 

temperature, relative humidity and rainfall are 

shown to have no marked effect on leaf-roll 

symptoms after the.e are fully established. 

The time of appearance of leaf-roll symptoms varies 

with the season and with the date of planting. 

This fact apparently bears no relationship with 

age of plent or with stage of growth, but it seems 

to be correlated with the rate of growth of 

infected plants and it is related, therefore, to 

environmental factors influencing rate of Srowth. 

Shading was found to reduce and even eliminate 

symptoms of leaf-roll. 

Variations in certain climatic factors particularly 

air temperature are observed to have an effect 

OIL the manifestation of mosaic symptoms. 

Increases in air temperature seem to bring about 

decreases in the severity of symptoms, while a 

fall in temperature has the effect of accentuating 

Symptoms. 

Symptoms of infection with mild strains of virus are 

noted to be influenced by changes in sir temperature 

more so than those resulting from infection with 

severe strains. 

(6)1 
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As with leaf-roll, the tine of appearance of mosaic, 

Vaptomis appears to be related to the rate of 

plant growth and hence to the envir*.ntal 

factors influencing rate of growth. 

Mosaic symptoms appear to be awe anbjsct to 

fluctuation, as a result of ch anziniz climatic 

conditions, when the plants are young. The 

symptoms beacce more stable as the plants mature. 

It is m&ggeited that shade way 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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