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PART I. |

THE EPFECT OF ENVIRONMENT ON TUBER BEHAVIOUR DURING
THE PERIOD OF STORAGE AND THE SUBSEQUENT EFFECT |'
OF STORAGE IN THE FIELD, |

' INTRODUCTION. ’

A potato tuber is the modified apex of a stem‘

‘adapted as a storage organ for the purpose of vegetativ

!reproduction and perennation. This apical region has |

' shortened internodes, greatly swollen, and at the nodes,
| |
' weakly developed lateral members commonly called 'eyes'}

' Being a living entity the tuber is highly responsive tq

vagaries of the fagtors of the environment obtaining

during storage and these may determine its condition as
regards soundness, viability, cooking quality and tuber
‘ behaviour when planted as seed. With the modern intré-
| duction of storage in sheds and under controlled tempaﬁw
ature as opposed to older and more primitive methods, |
detailed knowledge is required regarding all influenci
external factors in their various combinations and in ‘
their ultimate effects. To this end the following
experiments were carried out and observatlions made as
no overall story of these intricate relationships can |
be found in the available literature. There is a j

need of fundamental knowledge on the subjeet to enable
the reports and results of field work to be analysed in

their true perspective. This is true also from an |

- £
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'economie point of view when sheds are being erected or
adapted as controlled temperature stores, in order to

ensure that the stored erop will be in the best poaaibl$
|

conditions to suit the ultimate aim for the eonserved

product.
Previous work has been based almost entirely

jon the belief that the potato tuber has a period of

ienrorced rest after harvest, From the available 11terT

ature on the subject the main concern of the authors has

|
'been to measure the length of this enforced rest period,

‘which was submitted to be totally independent of the

' environmental econditions within the temperature limits
i |
'of viability, to measure the length of the extended ‘

irest period (dormancy) due to environmental conditions |
only, to study the factors which govern the length of |

|
 these periods and to find physiological reasons for !
them. The authors and their findings will be refarreﬂ

to in the text where it is appropriate. No funda- |

mental work appears to have been done specifically on |
|

‘ the effect of environment on sprout growth or on the i
| subsequent effects of storage in the field, only

| observations from commercial erops in different manners

| of storage. !

During the eourse of the experimental work iﬁ
' was found that there were two stages during the period

of storage when the reaction of the tuber was differenﬁ

to the same environmental influence. The first stage |

(Sub-seetion A) is the period from harvest to minimal ‘
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| |
visible sprouting and the seeond stage is the remaining
;period of storage (Sube-segtion B). "Minimal visible |
gspreuting" is here defined as that point in time after

e —————

harvest when a sprout on a tuber is first visible to the

naked eye. For the sake of conveniense it will be

referred to in the text as'M.V.8.". The effect of
|
|
dealt with in Sub-gection ¢ and in Sub-gection D a phys-

storage on the subsequent development in the field is

iiological condition which is in part due to storage is

ﬁiscuaaed.

A. Dormaney and the Period Extending from Harvest to
|
I3 the Point of Minimal Visible Sprouting.

Introdustion.
| ; !
| In any study of storage, dormancy is the phen=

13

omenon of fundamental importance. A widely held view

is that the potato tuber has a 'rest period'. This
haa been defined as *'that period immediately following |
parvest during whieh the potato tuber will not sprout

even under optimal sprautiﬁg conditions'.‘l)’ L The
eriterion of the end of the frest period' in this case
is a visible sprout of approximately 2 mm. in length. ‘
An anomaly 18 apparent in this system in that growth is

obviously taking place during the 'rest period! if the |

|
sprout must attain the length of 2 mm. before the period
is eonsidered over. In less favourable conditions for

sprouting the tuber requires a longer period to sprout.

‘This has been termed as the 'dormant period' and

ldatinad/
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defined as '"that period, during which the tubers may
be stored at some temperature suboptimal for sprouting i
‘without ?g?in?i?g t0 sprout or break down physiolog-
| i ) 2

ically'. These views concerning "rest periocdn”

fand "dormancy"™ were first submitted by Wright and Pea- j
‘so6k L and substantiated in a comprehensive study by |
'Emilsaonfg) To measure the length of the "rest perioﬂ"!
Emilsson stored tubers at 41°F, in lots, from each of

iwhiah samples of ten tubers were drawn every week for !
;tranarerral to a sprouting room at 709F. associated ‘
with a high relative humidity. In the sprouting room |

each sample was kept for two weeks and if all the tubor;
had not sprouted by the end of the period, the sample I
wae discarded. The number of weeks elapsing from the 1
:tima of harvest till the first sample to have all ten :
‘tubers with sprouts 2 mm. or more in length after two :
weeks in the sprouting room was called the "rest period#.
The treatment, it will be noted, did not fulfil the 1
érequirements of the definition as the tubers were not
stored in "optimal sprouting eonditions™, being held at
'41°F, which is well below the best eonditions for pro-

|
‘moting sprout growth; and when samples were tranaferroh
It.o more propitious sprouting conditions they were givan}
‘only two weeks for the sprouts to develop. The figure
iobtained range from five to fifteen weeks for the so-

. ealled "rest period" when tubers would be incapable of
 8prouting even in "optimal sprouting conditions™. It

!will be shown here that the potato tuber has no "rest |
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Ipariod" and that the appearance of a readily visible
iaprout is not a sign of the break in dormancy but the
first visible indication of growth whieh has been pro-
Igreaaing, albeit slowly, from the time of harvest. '

jDorggnox Experiment.

Qgﬂggl_. In the case of the potato tuber "M,V.8."
Ehaa been regarded as the eritical sign of the commence- |
ment of growth or the end of the dormant period. In
‘ordar to study the possibility of growth proceeding for|
‘some time prior to M.V.S. a number random samples each |
!of ten tubers and all from the same plot of the variety?
' "Ma jestie™, were lifted at haulm maturity and stored 1ni
Itwo batoches at eonstant temperatures. One at 80°F.

' (¥5) and the other at %9°F, (%¥2). A ten-tuber sample |
' from each storage environment was examined periodically
'and the lengths of the median-longitudinal section of

Itha sprout initials of the apical eyes were measured, {
| using a micrometer eye-pilece. f

‘Results. The readings for such experiments conductﬁd
' during two seasons are shown in Table 1 and the mean :
|

‘ readings are shown graphieally in Figure 1l.

TABLE



Be
TABIE 1.

Length of the Median-longitudinal Seetion of Sproub

Initials of the Apieal Eye of Tubers under Storage

from Harvesb to Minimal Visible Sprouting.
Storage at 80%F. (* 5).

Sample 1 2 §956‘4 5 % 2 3 1957'5 6 7
(at (at
hap=- haypw

vest) vest)
Date 26/9% 1/10 3/10 8/10 10/10 24/9 27/9 2/10 4/10 7/10 11/10 23/10

o4 45T (BT 45 8 W15 B W19 .35 L7E 4gE =
B9 o5 435 LiOP® B W18 LB 42 448 LBR  AEE ,0F
o2 48 4% .45 6% 2 34 43 425 2B JSHE 9K
034 +45% .28 .85 .2 o3l 415 B AR 43 JOE  ,6E
¢l e85  JTE J5E 458 ) 022 23 430 .4  ,48% 1,0%
W8 W18 48 .8 egk 3 38 4Bl .2 L45% ,e8® g%
S J6E 47 JTE 76X L1838 88 8 4 48% 5%
V88«1 B8 B JYB® W8 B 8B 84 B3 .6 BE
W38 .2 B8 8 B B © & B35 .4 .28 65"

.3 .45‘ 04 .9’ -6! .21 - 019 .5 052 .2 025

Totals 233 3,45 3.9 5,24 4,97 1.8 2,092.4 8,08 3,80 4,48 7,15mm,
Means .233 ,345 .39 ,524 497 .18 .28 ,24 ,303 .88 .448 ,715mm.

Storage/

£ Agterisk denotes sprouts visible to the naked eye.
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Table 1 {Qontd.)

Storage at 39°F. (£ 2).

1956, 1957.
Sample (atlhar- 2 8 4 5 6 7 In;-iar- & s ¢ 5 8 7 8 9
Date zg73t’ 18/10 6/11 16/11 26/11 10/1g2 17/12 ;: 3’ /10 18/10 25/10 111 11/11 19/11 /12 i
o N3N 8 sl o o RET R SRR T E ¢ P R S
.29 a8 .8 o35 34 +3 vd ' 5 .3 .25 2 .25 28 ' .88 od .38
2 o2 2 o4l od A8, L8 o2 3 35 19 19 o4 " .82 JATE
3¢ .8 .18 od 35 B85 6% 31 .4 .3 B3 B 44 .29 45% .33
oX .15 .15 o15 o2 958 .2 : 1 o3 1 33 .28 .2 5% 29 Jdd
3 W28 . o8 o6 o2 . . ; | 1 .18 .28 +35 .25 .28 .2 ,35%  gE
W26 B o2 B2 . B a5 - 98 18 .2 .28 32 .2 2 (456% .36 ,45%
+26 «28 +38 o8 o3 o3 W43 | o2 o3 2 +15 - .87 B8 4% 35 o
% T R, S e85 8 o3 45 2 2 g S8 .58 B8, uBE 2
o2 o2 o2 o2 o6 o3 .45 221 .28 - 8. .48 .2 .39 " 3
Totals 2,358 2.21 .2.,08 3.2 5.56 5.9 4.68 1.8 2,74 1,86 2.6 3,03 2,95 3,65 3.2 3.6l

lm 1374 .35 026 .305 .295 0565 04 045

Means + 238 281 ,208 032 + D36 -39 .488

¢ Asterisk demotes sprouts visible to the naked eye.

—
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. Figure 1. The Growth of the Apical Eye Sprout-

Initials of Potato Tubers (Variety Msajestie) from
Hervest to the Stage of Minimal Visible Sprouting.
Each Point on the Curves Represants lieasurements
Obtained from a 1l0-Tuber Sample.

JOBR: L s wE W A e

Figure 1 shows that in tubers stored at

80°F, growth of the sprout initials proceeds rapidly,

reaching/

|
|
|
|
|
a



| e

reaching M.V.S. after two weeks in storage. This proves
ithat there is no incapacity for growth. On the other
hand, during storage at 39°F, growth proceeds slowly at
the sprout initials. When the sprout-initial attains a
length of approximately .45 mm. it becomes wvisible to the
naked eye as a sproub. As the length of the sprout-
iinitial at harvest is in the region of .2 mm., the in-
ioreaae of .25 mm. occurs within the period of apparent

|
ituber dormaney. (Appendix 1).

iM;nimal Visible Sprouting Experimental Sequence.

Methods and Results.
|

| . Heving substantiated that the potate tubser has

no enforced "rest period?!, the question remains, what

faectors govern the length of the period required from

harvest to V.i.8. ? To observe these factors and their

ierfecta, the following emperimental sequence was oarried
!out.

! Fourteen varieties were selected, comprising
four first earlies, seven mainerop and three late main-
gcrop, for use in the first experiment. The stocks of
these were known to be free from virus and other diseases
and were grown in adjacent plots, each accommodating
#hirhy plants. The plots were harvested at haulm-
haturity except in the mase of the three late varleties

noted in Table 2, which were harvested after the haulms

had been killed by frost. The season was a good one
for/
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for potatoes, being dry end warm. No blight (Phyto-
|

phthora infestans (Mont.)de Bary.) or other diseases was

|
‘obgerved on the haulms or tubers.

‘ Some 'second-growth! was evident in the erop,

'the eauses of which will be discussed later,

The tubers harvested from each variety were
idivided into four equal lots of from fifty to one
!hundred tubers and placed under different storage con-
ditions. Chambers maintained at reasonably consgtant
‘temperature were used except in the case of "normal
?shed storage”. The chambers were adapted from two
?small segtions of an aphid-proof greenhocuse. A third

was also used for later experiments. These were insul

‘ated on the outside with sacking under slatted blinds

and on the inside of all the glass with sheets of thiek
brown paper pinned to the wooden frames. The thermo-
gtatic controls of these ghambers were set to give a

Em,ean temperature of 80°F, and 68°F, respectively. The
actual figure for each day was recorded, the variation |
iin each case being within the region of £ 5%F. The

humidity within both chambers was kept as high as

possible by draping damp sacks over the sprouting
 boxes and by having trays of water on the floors. A |
:aold store at a temperature of 35°F. (I 2°F.) was used |
%o sbore tubers in unfavourable conditions for sprouting.
The approximate relative humidity is given in Table 2,
but it will be shown later that humidity and also light
have no influence on the length of the period from
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‘harVeat to M.V.S, at least in the higher range of

Itemperatures. The results are shown in Table 2.

fable 2.

Days from Harvest to Minimal Visible Sprouting

of Tubers in Different Storage Conditions. ‘
|

Average Days to Sprouting

Variety Maturity Harvest 90-95% Normal Shed 95-190%
Date Humid~ Storage at Humid-
ity Concurrent ity

Air Temps.
& Humidity
with Heat~- i
ing During '
_ Frost
1955 B80CF &efF 3598
Epicure ; 1st 20/8 ?5 64 97 (75)  177{101)
33,
‘Ulater ) Early 29/8 46 57 97 136
| Chief- ;
| tain
'Home ) 29/8 28 34 - 73
| Guard
|Arran 10/9 39 47 68 82
| Pilot |
‘Record l6/9 32 46 87 109
Arran '
Conaul. 11/10 30 43 135 150
King
Edward 13/10 28 - 32 89 141
grion i 19/10 31 39 100 138
) o8 Barly
leIntosh) 19/10 13 21 4% 87
) Mainerop
Ma jestic ; 19/10 %l ’ 41 89 (80) 136(120)
22
Redskin ) 20/10 20 22 69 136 |
® Kerr's ) |
Pink ) 20/10 13 20 45 84 |
¥ Golden ) late
Wonder ) 20/10 38 39 117 151
!'Wv'wm l) Mainerop 20/10 20 22 65 93

# Braaketad figures are for a seccond year of test.
¥ Haulms killed by frost.
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'The Factors Whigh Govern the Length of the Period of |

‘Btorage.to M. VeS8, |
| |
i The behaviour of plants is governsd by the
reaction of their genstical potentialities to the
factors which make up their environment. The length
|of the period from the time of harvest to M.V.8. in

|

‘the potato tuber is controlled in this manner and the
|

following is an account of the individual factors and

'their influence.

;a. Physieal Fagtors.

|

|
ETamgerature} The temperature of storage appears to bL
1 .

Itha primary factor of the environment influencing the

‘1ength of the storage pericd to M.V.S. Tubers can sur
;vivo after treatment at a surprisingly high temperature.
‘About half of a number of fresh tubers subjected %o

| eight hours in an oven at 120°F., survived. Following
isuch treatment the survivors show death of the pith
|tissue and occasionally death of small areas of the
eortex but the tubers sprout and, on planting, produce
apparently normal plants. Sueh symptoms have been
found from time to time in-cuﬁmeroial samples and are
then taken to be?aign that extreme heating has oecurred
in the clamp. The condition is called 'Black heart’'.
At low temperature tubers stored for a month or two at
B320F, are subject to & breakdown of the flesh which
turns a reddish brown eolour. Actual freezing with

the subsequent death of the tissue occurs at 28CF.




% OF VISIBLY SPROUTED TUBERS

| la - ‘

Temperature is the primary factor in controlling the i

|

period to M.V,S., That giving the shortest period being
|

tn the neighbourhood of 80°F. where the average time ‘

from harvest to M.V.S. was twenty-nine days and that

glving the longest period 359F., where the average to |

ﬁ.ﬂ}s. was one hundred and twenty days (Figure 2). ‘
|

90|-
JOop

S0

30F

A L L i A L i A 'l i 1 A ']
1o 20 30 40 50 60 70 B8O 90 100 o 120 130 140 I50

DAYS FROM HARVEST

|
' 1
| |
ure 2., Days from harvest to minimal visible ‘
iprouting for tubers of fourteen varieties, comprising ]
|

approximately one thousand tubers per storage condition.

l
The eurve sir temperatures is for tubers stored in a
shed at coneurrent ailr temperatures above freezing point}

The different between varieties in their reaction to
dirferent storage conditions is shown by the plotted

aths of two varieties ("Arran Pilot" and "Dr. McIntosh").
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ﬁnmiditx. The humidity of the store has no apparent
?errect on the length of the perioed to M,V.8, at high
:temperatures (Table 3) but mey have some effect at lower
;tamperatures of storage, although this is thought to be
;slight. Emilsson found a significant shortening of the
'rest period' at 68°F. with 100 per cent humidity. &)

Light or Dark Conditions. These eonditions have no

effect on the length of the period to M.V.S, at high ,
!temperatures (Table sl'and it is thought to have no
iefreot at lower temperatures. £Since the sprout is nob}
ivisible t0 the naked eye during this period, little, if
ihny, light will penetrate to the sprout initials and
‘hence the lack of influence.

TABLE 3.
The Effeet of Humidity and Light on the Length j

of the Storage Period to Minimal Visible Sprouting

for Semples of 250 Tubers in Storage at 80CF.

|
‘ Average Storage Period in Days to
| Minimal Visible Sprouting

Dark Light Dark

Storage Relative Hum~- Relative Relative

Conditions idity 40% Humidity Humidity
over 90% over 90%

| Variety
| Epicure (1lst B3 33 33  (45)
Earl ) !
| Majestie (Hain 26 21 22 (21) |
erop)

# Seeond year of test.

ghemieal/
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échemicg; Treatment. Many treatments with chemicals are

known to shorten the period of storage to E.V.S. (dor- |
maney breasking) . Ethylens chlorhydrin has proved to
be the mogt efficaeious and has heen used oommaroiall;?'
]Tnhers of the variety "Great Scot" were lifted at haulme
\maturity and treated with ethylens chlorhydrin (0.5 ge.
per litre air space for forty-eight hours) immediately
after harvest and stored in lots of forty tubers at
800F,., room temperature 60°F. and 35°F, The results
in Table 4 show that ethylene chlorhydrin shortens the |

period from harvest to M.V.3. in all storage eonditions.
The effect on subsequent sprout growth will be discussed

later.
| TABLE ¢,

The Effect of Ethylene Chlorydrin on Samples of
Forty Tubers, Each in Three Different Temperatures

of Storage.
| Variety  Date of Average Number of Days from
| Harvest Treat- Harvest to Minimal Visible
’ aent Sprouting
80, Room T r- 35°F.
ature ;E,
Great 5/9 8/9 12 30 58
Scot
Do, 5/9 Con- 22 52 81
_ trol

Oxygen. The permeability of the periderm of the
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botato tuber has been postulated as a controlling factor

of the length of the 'rest period'. The term 'rest
%eriod' is used here, and in future in the text when
literature in which the term is used is discussed, as
#efined by Wright and ?aacockil) Appleman(é)auggested

bhat the 'rest period' depended on the thickness of the

periderm of the tuber whi¢h under normal eonditions @
| ]
Pacomas suberised and resists the entranece of oxygen,

|

and 1t is not until a eertain balance is reached betwee

%he bud tigsues and the exterrnal axfgen that the 'rest |
bériod’ is broken. Thornbon(SJ’(e believed that the
¥3pply of internal oxygen is limited by the periderm
with increasing effect as the storage period progresses
and thickening occurs. The internal oxygen thus
Laeomss in such short supply that the 'rest period' is
broken. Emilsson(aj found no relationship between the
Thickneas of the periderm ang the length of the 'rest
period'. Sawyer and Smith were unable t0 eonfirm
|hornton'a findings and submitted that oxygen per se

15 not the normal factor regulating the 'rest period' of

he tuber.

}rom one === another in many ways but the behaviour

eriod of storage to M.V.S. is found to be fairly con-

tant; the higher the storage temparature the narrower

;1thin the variety is relatively stable. Thus the
|
|
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is the range about the maan(d?te of sprouting. This 19
4 _
in agreement with Appleman. From Table 1 it will be

'noted that there is a general correlation between the
raarliness with which a variety ripens and the appearance
of a relatively long period being required from harvest
to M,V.8, at the higher storage temperatures. Apart

L

from this, the varieties im the trial showed an individ.
Edal reagtion to storage at any particular temperature.

In Figure 2 results with two varieties have been plotte

(%0 show the differenge between varieties im relation %o
o
‘the individual periods of storage required to M.V.S. at

d@ifferent temperatures.

S8ize of Tuber. Emilsson came to the conclusion that the
length of the 'rest period! is shorter in large tubers
then in small tubers of the same lot. 2 In these
studies this was not confirmed although there was a

slight tendency for larger tubers to gprout first.

Degree of Maturity. In all storage conditions immature

tubers were found to require a longer period of storage
prior to M,V.S. (Figufg)ﬁl. This agrees wi?g)bhe
rind%g?s of Emilsson, Wright and Peacoeck, Kolter=

(9)
mann and Rosa.
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&1gure 5. Graph showing the Incidence of Minimal
blaibls Sprouting of Mature and Immature Tubers from '
%ho Seme Plots in Storage at 80°F. and at 689F. !
A, Mature tubers. B. Immature tubers. -
gtaroh Content. The variety Golden Wonder is relative-
1y rieh in starch and it may be observed from Table 2

that it was outstanding amongst the late mainerop var- |

|
deties in requiring a longer storage period to M.V.S. in

|

11 stor?g? gonditiong. This confirms the findings of
2

milsgon. The effeet of variation in the stareh

ontent of individual tubers within the wariety has not
been examined but zﬁ*ia'helievad to be negligible. |

Ioliagg/
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Foliage Variants. Tubers of "feathery wildings" were

tested against tubers from normel plants of the variety
'Ma jestic and in spite of the earlier maturity of the
former in the field, little difference from the normals
was found in the period of storage to M.V.S. and this

at two storage temperatures (Table 5).

Mother Tuber. The storage conditioen of the mother
tuber was found to affeet the maturity of the plant in
‘the field but to have no effect on the period to M.V.S.
of the daughter tubers.

Parasitic Diseases as Factors.

Funeal Diseases. Tubers infected with dry rot (Fusar-
ium coeruleum (Thaxt.) Waksman & Henrici), Blight (Phyt-
gphthora infestans (Mont.) de Bary.), severe common

scab (Streptomyces scabies (Lib.), Sacec.) or other
organisms have a shorter period of storage to M.V.S. t
have healthy tubers of the same variety at the same
storage temperatures (Appendix gg), One qualification
is required %o be made to this statement, that, in gener
the larger the area of infeotion the greater is the
effeet. Where there is a small localised infeetion

the effeet is inappreciable. pisease of the tuber also
affeots sprout growth after M,M.S, (Appendix 2b).

Virus Disesses.  Generally the presence of viruses in
the tubers was found %o have little effeet on sprouting.

An exception wae seen in the case of tubers infected

with/
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with virus "Y", These took appreciably longer than the
normal to sprout at both 80°F. and 39°F. (Table 5).

Wounds. Tuber wounds which heal quickly, such as
clean cuts and abrasicns; have no effect, whereas slow
healing or partially healed wounds such as frost damage),
are usually accompanied by a ¢ertain amount of rot
which affeets the storage period to M.V.8. in the same
way ag infection by fungal dlsease (Appendix 3). It
appears that a eertain amount of fungal or becterial
rot is assoeiated with the shortening of the period to
M.V,.8.

TABLE 5.
Average Storage Period in Days to Minimal Visible

Sprouting for forty Tuber Samples of Various

Potato Virus Diseases and Conditions of the
Variety 'Majestic?.

Condition of the Maturity Storase Condition
Tubers Date
80°F ., 39°F .

Normal 24/9 22 74
"Feathery

Wilding" 6/9 1y 87
Leaf~-roll 20/9 35 78
Virus "Y" 20/9 40 111
Damaged Tubers 24/9 20 78

Incidental Observations.

1. Apical Dominance. Dominance of the aplcal eye of
the potato tuber is strong inm the early part of the

storage/
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!atorage period but begomes progressively weaker towards

the end of this period.

2. The Phenomenon of "Second Growth". Mention must be

made of this phenomenon which is of fairly frequent
‘ogccurrence in potato crops in this country and in N.
America. A tuber still attached to a plant entering the
stage of senescence will, under the influence of environ-
mental change, from warm dry to warm wet eonditions,
show sprout development in various forms ealled 'segond
growth'. At the same time renewed growth is evident
on the hauwlm in the form of fresh growth from the nodes
at the tops of the stems. It will be realised that
this 1s a reaction of the plant as a whole, in the same

manner as a partially uprooted potato plant at the same

at the expense of the tubers. Second growth is the
response of an almost mature tuber to a renewed flow of
storage products from the leaves, and appears to be
confined mainly to later maturing varieties. Second
growth takes various eommon fOrms.(lO)
{1) A further swelling of the rose end forming a
‘double tuber with a walst of varying thieckness.
| (11) The development of the apical eye or eyes to form
stolons wﬁiah may develop tubers (chain tuberisation) if
suitable eonditions prevail over a long enough period.
(1i11) The development of the eyes (gemmation).

e
The harvaaf} tubers of the first group sproutb

neanmal e/

stage of growth will maintain its life as long as possible
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normally in storage except for the immaturity of the
roge end swelling. Those of the second and third
groups are normal 1ln storage except for the absence of
apical dominance; the period to M.V.S. being the same
as for the normal tubers of the variety.

There would appear to be a threshold point
in the development of tubers approaching msturity when a
renewed flow of storage material results in second

growth.

Discussion on Dormancy and the Period Extending from
Harvest t6 the Point of Minimsl Visible Sprouting.

Visible sprouting or an arbitrary sprout
length has been previously regarded as the initial
gign of growth commencement from potato tubers. From
the above results it has been found that growth appears
%0 be continuous at the apical eye from harvest onwards
(Figure 1) and the rate of growth is dependent on the
storage temperature alone, light having no effect and
humidity having possibly some slight effect only at
low storage temperatures. The growth at the apical
eye being dependent upon temperature, there is no
question of dormancy existing in potato tubers, but
only a natural gonditioning for pesrennation from one
geason to the next. If the term 'dormancy' implies
absence of visible growth then the potato tubser may be
sald to be dormant for periods as long as five months
if stored under poor conditions.for sprouting, but if
the term infers incapacity for growth then the potato
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Luher has no dormant period.

The appearance of a general correlation between

the earliness with which a variety ripens and the appears

ance of a relatively long storage period required to

7.8, at 80%. is interesting (Table 1). This charact-
er may be a necessary factor for earlies which, maturinl
in the height of the summer, should not sprout rapidly
in spite of favourable growing conditions existing at,
and subsequent to, harvest. This faetor may be due to
selection by breeders nnd growers or possibly by a nat-
uial selection of genes, where an early variety in
nztural econditions would sprout and grow into a young
plant to be inevitably destroyed by the first frost of
winter. 1In storage at 35°F, M.V.S., is delayed for up
to five months and, as will be shown later, growth
thereafter is extremely slow.

As has been observed, the factor governing the
length of the period from harvest to minimal visible
sprouting is temperature. Until there 1s sprout growth,
the tuber remains firm and turgid and, as might be
expected, the humidity of the surrounding atmosphere is
not found to affect the length of this period, nor has
lightdises any effeet until the sprout is visible.

Any disease of the tuber, provided it is
aetiﬁ, will markedly shorten the period to M.V.S3. at
all storage temperatures. This appears to be purely

an ihherent method of survival.
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B. Sprout Growth During the Storage Period Sub-

gequent to Minimal Visible Sprouting.

After M.,V.S. occurs, light, humidity and
temperature play compensating roles in their effect on
sprout growth. Of these temperature is the primary
factor, then light and lastly humidity.

Initial Sprout Growth. In order to observe the rapid-
ity of the initial sprout growth in length at different

storage temperatures, samples of twenty tubers each of
the variety Dunbar Standard were stored at 80OF,, 50°F,
and at 35°F. The sprouts were measured at frequent
intervals using a shadow technique. The apparatus gave
a shadow magnification of x 7 and consisted of a light f
gource, condenser, foeal point indicator, astigmatic

|
| |
lens and socreen. The results obtained are shown in j
Figure 4, The point of M.V.3. is shown (V.S.) as i

0,45 mm.; there is also due to the technigue an unob-

servable period of growth assumed to be approximately
0.55 mm, (Figure 4).
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Figure 4. Initial Sprout Growth in Controlled Storago\
Conditions for the Variety Dunbar Standard. Curve A |

|

. 80°F.; dark, B 50°F,; d&ark, and C 39°F.; dark. {

| Figure 4 shows the growth curves to be sigmodd
in pattern and that the rate of the initial sprout [
| growth is determined by the temperature of storage. |

| storage at High Temperatures (80°F.). At high temper
atures sprout growth is mainly indepandent of the

i effects of humidity and light. Sprouts appear within

. a few weeks of harvest (Table 2) and sprout growth _

proceeds rapidly for several weeks, by which time the

! gprouts are approximately three-quarter inch in langtﬁ
{Figure 5). Thereafter the rate of the growth in |

length/ |
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length slows down and a thickening of the sprout ogcours
(Appendix 4¢ ), giving eventually a robust thiek

| sprout of approximately one inch in length on a tuber |

which is wrinkled and rubbery to the touch., The
effect of humidity and light may be judged from

Appendix 5 where high humidity in dark conditions have!

 promoted growth in the latter part of the storage peri#d.

At 80°F., tubers after treatment with ethylene
¢hlorhydrin (0.5 co. per litre airspace for forty-
eight hours) show an unusual sprout effect. Treated
tﬁbera reach M,V.S, and sprout earlier by a few days

than untreated tubers. Differences in the rates of l

growth are not readily apparent until about twelve
weeks after treatment. Thereafter growth in length of
the sprouts of the treated tubers outstrips those of }
the normals (Appendix 6), For all practical purposes
storage at B80%F. for a fow weeks is as efficient a
means of 'dormancy bresking'! as is the chemieal traat-{
|

ment of tubers for immediate planting.

Storage at Room and at Winter Alr Temperatures above

|
ree P . In these conditions access to lighL
is the primary factor in oantrolling sprout growth. ’
M,V.S. occurs on the average about eleven weeks after ‘
harvest and thereafter the rapldity of sprout growth |
is dependent on light access, other conditions being
equal. This may be observed in general by comparing |
typieal tubers of Redskin and Up-to-Date after five
months' storage in boxes in light at normal air
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temperatures (Appendix 4A) and tubers of the variety
Dunbar Standard after five months' gtorage at 50°F, in
the dark (Appendix 7).

Low-Temperature Storage (35°F.,). In low-temperature

storage at 359F. M,V.S. takes place on the average
seventeen weeks after harvest and the subsequent sprout
growth 1s slow, with light access,and humidity having,
for all practical purposes, only a slight effect up to
the end of the normal storage period.

I% will be noted (Appendix 4B) that the Red-
skin and Up-~to-Date tubers show M.V,S. after approx- '
.1ma£sly twenty weeks in storage. At the normal planting
time in Mareh and April, tubers of all of the sixteen |

|
varieties tested over two seasons were sound, with

;sprouts of one-quarter of an ineh or so in length. i

Tubers stored &t B5%F. yemain in exsellent gondition for

periods longer than those normally required. The tube%n
remain sound and sprout growth is very slow (Appendix |

BA) .«

biaouss;on on Sprout Growth During the Storage Period ;

Subseguent to Visible Minimal Sprouting.

i To keep the sprout growth of stored tubers
;o a minimum is the aim of all growers whether the
énltimate use be as ware or seed. At high temperatures
of storage the interesting feature is the supreme
dominanee of the temperature over the effect of humidity
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and light access on sprout growth. The effect of !

‘temperature on the latter being an initial rapid growth
|

in length followed by thickening, there being no eti-
olation. The sprout is strong and sturdy at the end |
!ot the storage period but the tuber is wizened (Appendii
4A). Storage of tubers at high temperatures has no
practieal significance except for speeding on sprout ;
groﬁth immediately after harvest; but they may be |
;atorad at high temperatures and the effeets of sueh
;storage have some significance is possible in other i
sphéres of investigation. In the middle range of i
storage temperatures (40 - 60%F.) etiolation of the l
'sprouts oocurs in the absence of light, humidity having'
ilittla or no effect. Sprout growth in length in the
Eabsanoe of light is extremely rapid and continues untili
ithe tubers are exhausted. Storage of tubers for ware
ipurposes must be earried out at temperatures below 40°F,
and shed stored 'seed! in boxes must have light amccess.
;At low temperatures tubers remain during the normal
storage period sound, and sprout growth is slow but the

|
pattern of growth is the same as for the 50 - 80°F,
| but extended over a much longer period of time.

'range (Appendices 7 and 8B),/ A graph of the combined
‘effects on sprouting of temperature and light is shown

‘in Figure 5. ,
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Figure 5, Graph of the Combined Effects of Temperature
and Light on the Rapidity of Sprout Growth in Length.

Humidity plays only a minor role in inereasing
the rapidity of sprout growth,

The traditional method of storing potatoes in
eclamps over the winter months has stood the test of time
but is open to severe eriticism from the point of view
of wastage. Sound tubers well clamped with good wheat
stiraw, allowed to sweat for some weeks before the final
earthing up, will keep well and show sprout growth from
one t0 three inches by March, depending on the varisty.
Where these conditions are not fulfilled, the danger of
wastage is not from frosting but from high temperatures
obtaining within the eclamp, Early temperature rise due

et
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to %00 early earthing up or to the rotting of diseased

tubers brings on sprouting accompanied by inereaded

respiration and ?lg?nsaquant rise in temperature. .
prook and Watson found a falrly steady temperature 3

&193 in the centre of a ¢lamp from 41 - 68 - 95°F, for |
%he months of November, Mareh and April respectively.
In effect, after February when the temperature was at

bOQF. the gondition of the stored tubers would deter-

iorate extremely rapidly. As the industry is period-
hea}ly affected by gluts, this is possibly the reason
For'the slow development of bulk storage in sheds with

storage of boxed 'seed' in sheds).  The advantages

pf shed storsge include the control of storage temper-

|
emperature control in this country (as opposed to the ‘
|
|
|
|

gture and in consequence of sprout growth, coupled with
Faay handling end independence of adverse weather eon-
ditions during "dressing”. The disadvanteges are the
!high capital outlay and ventilation costs. Toreed |

wentilation is the only necegsary meehanieal install-

ation required in sheds in the Netherlands. The ‘

temperature of the stacks of potatoes can be held at

around 39°F. over the storage period by the use of
!suitable low temperature air from the outside from time

, (12)
6o time. There is no doubt that cool storage at |

eonstant temperatures of from 35 ~ 38°F. is ideal for
iatoragp and transport, giving a sound end product with
very little sprouting. BSamples cooked, subject to

‘controls, showed the quelity of tubers from cool
| |
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B8torage to be unaffeeted when boiled. One sample of [
fthc variety Majestic after fourteen months in cool i
atoraga was boiled along with Majestic tubers from the |
Inew erop after two montha in clamp storage. The rorms$
was judged to be the better quality by nine out of ten r
'randomly requested tasters who had no prior knowledge OT
:the‘test. Flesh ceolour is intensified during eool

‘storage and flavour beeomes more apparent. In tubers ‘
‘destined for chip?in? storage below 40°F. gives a swee?
rlavour to ehips. Very few, if any, growers in !
this gountry grow potatoes specifically for the chippinL
industry but in the United States it is of great

| commereial 1mfortance. Storage above 40°F, is advoe-

ated by Smith and can be earried out successfully

}whsre gsprout inhibitors have been applied in the field.
'Maleic hydrozide (MH40) is the sprout inhibitor used
!mest commonly in the United States and it giwves good

| eontrol of sprouting where tubers are held at between

|

The ineidence of the spread of rot diseases

|

there 18 evidence that eocol-stored tubers are less abl

t0 gseal-off inoculated material of the gangrene fungi

|
| 4n @ool storage has not been studied speeifically but
|
|
|

(Phoma foveata Foister and P, tuberosa Melh. Ros. &

i Seh.) than those tubers stored at a higher temperatur31
| although infection of tubers dipped in a spore sus- ‘
pension was much less at the lower temperature in the !
| presence of moiaturo.(lé) In the tests reported herai

|

| |
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which covered three seasons the tubers were kept in
boxes in a gool store at a gonstant temperature of i
;55°T. (t 2) where they remained sound and free from

érots. |

|
C. The Effect of Storage on the Subsequent Development

of the Potato in the Field.

; To observe the after-effeets of storage on

!rield performance, two pilot experiments were carried

'out_in 1956 followed by a statistically leid out experi+

ment in 1957 to eonfirm the results of the pilot experi

im&tl .

Pilot Experiments. |
ilsss‘a. Tubers from three mainerop varieties, King ‘

|Bdward, Golden Wonder and Avran Consul, from three
storage treatments, were planted in nine separate random
'blocks., The tubers were planted at a double spacing

of three feet between plants to obviate the effect of
!removing plants upon the remainder. Five plants of

feaeh variety from each storage condition were harvested

iat-fortnlghtly intervals after tuberisation and their
'yields recorded (Table 5).

TABLE/
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TABLE 5.

Yields of Fifteen Plant Samples, Five per

Yariety of Three Maincrop Varieties, King Edward,

Golden Wonder and Arran Consul,

Storage Weeks from Planting
Treatment
11 13 15 17 19 21 23 235

Ibe 1lbs 1lbs 1bs 1lbs 1lbs 1lbs 1lbg

| BOCF. 4 A¥ BL SE 8% 90 9B B

i Alr 'Eemper- 2 8 25 49 66 73 75 80
. avture

. 350F, « 3 24 40 57 64 78 98|

|

! All the tubers from each sample lift were
%mﬂasured for length, from which the mean tuber length i
éat each 1lift for the crop from mother tubers from each

of the three storage temperatures was obtained. The

'mean lengths were plotted on & graph to show the relat-[
ive effect of the storage treatment of the mother tuber

‘on the development of the subsequent crop (Figure 6).
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INCHES
~

WEEKS FROM PLANTING

IFigure 6, Mean Tuber Size in Inches of Plants of Three
fuainorop Varieties, King Edward, Golden Wonder and Arran
| Gonsul Grown from Sebts Stored at Three Different

' Temperatures. In the case of Golden Wonder, a long

tubered variety, half the sum of the length and brsadth

was taken. Condition of Storage. A, 80°F. B, Shed.
Cs B5°F,

11956 B. Plots of five varieties were also planted

' from tubers stored in the same storage conditions as
above and were used for general observation and pilot

yield trials (Table 6).

TABLE/
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TABLE 6.,

ature on Subsequent Maturity and Yield.

Storage Treatment

80°F, Normal Shed 35°F .
Storage at
Variety Coneurrent
Alir Temper-
atures with
heating dur-
; ing frost
Yield{ Date of Yield# Date of Yieldf Date |
| Matur- Matur- of
- ity ity nab-
| urity
i 1bs lbs 1bs
Arran Pilot
1lst Early 69 11/8 84 i5/8 26 26/8
| Regord )Bar- 57 15/8 83 28/8 89 10/9
' Ma jestie)ly 105 14/9 127 20/9 125 =
' Orion )Maindll 18/9 137 ® 126 4
| orop
| Kerr's)
Pink )Main- 112 ® 114 3 116 =
Up to )erop
122 = 123 ®

|
i Date 135
|

# TYield figures are for 27 tubers planted.

'subsequent yield.

!Statiatieal Experiment.

% Nobt matured when the haulms were killed by frost
2lst September, 1956.

1957. The most important feature from the above

experiments appeared to be the effect of storage on

It will be noted that where growth |

has been unimpeded by frost, the cooler the storage
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the higher the yileld. A statistical experiment was laid
down to substantiate this point in particular and others
in general.

An early variety (Epicure) was uaad'for this
experiment to ensure that the plants would reanh full
maturity in freedom from frost. Ten randomised blocks
were planted, each of five plots, one from each storage
condition shown below., Eaech plot was of six tubers

planted., The results are shown in Table 7.

TABLE 7.

The Effeet of Tuber Storage on Yield (0z.)

Bloeck Number

7 9 10 Treatmfat Treatment
Storage 1 2 3 4 5 6 ROM Ayazagy
Treatment n
Temperature Condition 5 )
256 230 166 . 167 2,088 ‘
((Dry 219 215 168 200 235 232 : 4 | i
87  la2 94 160 1,890 .0
80°F. (High 282 120 148 99 242 176 $ i
( Humidity :
( 203 164 154 185 2,062 206.2
( Do. plus 168 278 223 252 - 244 193
( Lighg Access 331 330 10
Conecurrent Air ] a3 284 3 3,128 312,
Temperatures above 241 275 361 386 342 298 ’ 8
Freezing Point - . %
22 380 19 347 3,51 351
85°F ., 530 326 371 350 3386 568 | _ B 551"
i 299 1,208 1,21 1,169 8 Me igni- .
Block Totals 1,180 1,21z 1,271 1,287 1,399 1,247 - i ; . : ARaBY ﬁ?.;‘ni %i‘%f.. §§,3 %ﬁ

srence
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; The above result (Table 7) shows conclusively|
'that the conditions of storage of the planted sett
affeets the subsequent yield. The cooler the storage
the higher is the yleld. Tubers stored at 80°F, give
a lower yleld at the 1% level of significance than
those stored at lower temperatures. Storage of tubers |
at 80CF, in highly humid eondltions gives a lower
\yisld st the 5% level of significance than those stored
at the same temperature and conditions but having access
to light, and than those at the same temperature but in
dry éonaitions. More important for practical purposes,
tubefs gstored in c¢old conditions outyield normal shed-
stored tubers, the result being significant at the

5% level. '

Discussion on the xrfeot of ggorags on _the Subsequent

Development of the Potato in the Field.

From the results shown gbove and from ob-

'servations made in the field, it is possible to form a
%piature of the after-effects of storage. Plants from
tubers stored at 80°F, emerged on the average fourteen
days before these tubers which were shed stored at con~
curre@t air temperatures above freezing point. The
latter emerged about eight days before those stored at
359F, This difference in vigour was obvious between
the three treatments until almost mid season eleven
weeks after planting. This superior vigour early in
the seasgon gan only be attributed to the size and
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robust appearance of the sprouts on the tubers from
warm storage as compared with the others at the time of
'plantiig {Appendix 4), PFrom Figure 6 it will be ob~

served that for maincrop varieties tuberisation begins

on the eighth, ninth and eleventh week after planting

| for warm, shed and eool stored tubers respeetively.
IA.lthdugh eool stored tubers are later to commenge tuheri
|1nation, the growth of the tubers is more rapid and theﬁ
|evantually outyleld the tubers from the other warmer |
storage eonditions when unimpeded by frost in the latarl
atage§ of growth (Tables 6 and 7). This later vigour
of the eool stored tubers can conceivably be attribut-
\ahle to the condition of the tubers at planting time. 1
Tpa cooler the storage the sounder is the tuber and the
less there is of sprout growth. From this it may be |
deduced that the loss from the reserve food material i
in the tuber is at a minimum at planting time. 1In

early varieties or where the maturing haulm is unaffected
|

by frost the warmer the storage the earlier is the

Paturity. The term *"haulm maturity" is used here as
hnaning the first poéint in time at whiech maximum yield
1s obtained, and is Judged by the yellowing of the

senescent haulnm.

Where earliness of cropping is the commercial |
factor of prime importance to potato growers fcr the |
"Barly" market, fairly warm storage (45 - 50°F.) of
nead'.tuhoru‘with a good light access would appear %o

e a good method of promoting an earlier crop.
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!
D. A Physiological Condition which Occurs Occasionally
| in the Field and is in part Attributable to

Warm Storage.

' A feature of the effect of warm storage is

Etha incidence of "little potatom, a physioclogical gon~-
iditiop where the life eyele is contfaeted as evideneced
!by the production of young tubers on the gsprouts of the
old 'sett' (Appendix 2, 9b). During the field experi-

ments reported in sub-seetion C all the tubers from
storage at 80°F. showed stout unbranched sprouts and
;prnduéed normal planta'(Appendix 4g) . From one lot of
%the variety Dr. MoIntosh a few tubers were noticed
showing an extreme form of sprout proliferation whigh i
;ppearad to have been due to damage to the apices of th
original sprouts (Appendix 96). These tubers all pro-
duced the condition of "little potato"™ when planted in
%tha field (Appendix 9b)., 'The conditions in the field

were adverse for growth during the first fourteen days

after planting.

Previous Literature. Van Schreven (15) found that '

the loss of reserve food material during three months
storage at 889F, prior to planting, produced thirty-
‘three percent of the condition ™little potato" when
.the controlled growing conditionsg after planting were

cold. When he used the same storage and growing
conditions but with desprouting of the tubers before i

|p1anting, one hundred per cent "little potato™ was '
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obtained. Storage at 50°F., soupled with desprouting
‘before planting in good growing eonditions, produced
thirty-three per cent "little potato™. The latter

was from small mother tubers only.

;Egperimantal Work . To investigate the findings of
van Schreven and the observations of the Dr. MeIntosh
tubers mentioned above, the following series of experi-
ments were earried out.

? 3. It was found that symptoms of "little Potato"

=eou1d:be produged artificlally by transferring sprouted

tubers from warm to ¢old storage. A typieal tuber from

|this treatment is shown in Appendix 10. |

|
|

ii. Three lots of Majestic tubers in storage at
80°F. and in other storage econditions (Table 8) had
sprouts of approximately one inch in length in February.
The sprouts were cut aecrosg at the apices to induce
some degree of proliferation. Four tubers from each
storage condition were planted in pots in a soil and
compost mixture in April and allowed to grow in the
| range of temperatures shown below. Ten tubers from
each gtorage condition were mlso planted in the field
at the same time., The pereentage of plants which
showed the eondition of "little potato” when harvested
later in the season 18 given in Table 8.

TABLE/




TABLE 8.

The Amount of "Little Potato” Gondition Produced, |
|

| Shown as a Percentage, from Bubers with Proliferated

Sprouts Grown in Four Different Conditions.

I -Conditions _ |
' Appruzimaga\\xareen- Cool Shed Field Cool
f Temperatures house Store
stom OF 65«75  40-50 35-45 39 (s2)
| Conditions
Temp. Approx, Dark
j : ReB. or
; Light

‘ 80°F. 40%  Dark 0 0 50 (20)4 100

80°F. 95% Dark 0 0 50 (40) 100

|
iso%. 95%  Light © 0 30 (10) 100

# Tigures in brackets denote percentage of plants
whieh failed to grow at all,

111, ©Normally sprouted tubers of the variety
Jﬂajeshie whieh had been in five different storage
treatments were used in the following experiment.
fEight tubers from each storage treatment were used for’
Iomch grouing eondition, four of which were desprouted
and all were planted in pots and were grown in three
'gdifrerent growing conditions in April. Ten sprouted
and Gten dasp:outed_rrqmlaach storage condition were |
grown 13 the field at the same time (Table 9).

_?ABEE/
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The Amount of "Little Potato™ Condition Produced,

Shown as a Percentage, from Tubers w;ﬁg_ﬂé;mal Sproutg
and with Sprouts Removed when Grown in Four Different

Gonditions.
Crowing condiﬁiona Sprouted Desprout .
Approximate ‘\\ e e ‘
Temperature Green~ (ool - Field Cool Green- Cool Fleld Cool
hougse  Shed Btore house  Shed Stom
OF . 65«75 40-50 35«45 39(L2) 85-75 40-50 35-45 39(<2)
Storage Conditions
Temp, Approx. Dark
ReHs 09
Light .
80°%F, 40%  Dpark 0 0 e 50 0 25  20(80) 0(100)
so"r_. 95% Dark 0 0 0 50 0 25(25) 0(100) 0{1/00)
80°F. 95%  Light 0 0 0. 25 0 0 10{90) 25(7s5)
Shed Storage at
Cocneurrent Air
Temperatures
above ¥.P. 0 0 0 0 0 0 0 0
35°%F. - Dark 0 0 - ox ox ox ox

# TFigures in bragkets denote persentege of plants whieh failed to
grow, '

x Tubers from storage at 3501..haﬁ very short sprouts when
desprouted. _

It may be eb;arved from the above results that
the eondition of "little potato™ was produced ocn tubers
from warm storage only. ‘Tubers with proliferated sprouts

= showed after planting more "little potato" than those

with normal sprouts. All the desprouted tubers from
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|
iwa.rm storage eilther failed to grow or produced "little
potato®™ when planted in the field or in pots in cold
_ !growing oconditions. Tubers from warm storage with

!n_cceas to light showed a lesser tendeney to produce

l

{ﬂlit.tlc potato® than those stored im the dark. Shed
_ stored and eool stored tubers even when desprouted
'before planting showed no tendeney %o produce "little
potato”,

|
L’isegaionc

|
| It would appear that one of the factors in

tanam "little potato” is over-warm storage. The
| atter might bs defined as any condition of temperature
éand available light whiech produces emaciation of the
!*buimr to some degree at the end of the normal storage
| eriod.

Another factor is the type of sprouting.
Fmaniated tubers from warm storage with single or double
prouts grew normally when planted except in very cool
growing eonditions where some "little potato™ was pro-
duged (Table 9). Tubers from the seme storage bub
having to some degree of sprout proliferation when

gplanted in ¢ool growing eonditions, showed eventually

one hundred per cent "little potato" snd sixty-six per |
cent (including failure to grow) after planting in the
field (Table 8). |
Desprouting inereased the incidence of
Luttle potato” end also of complete failure to grow




i
|
‘(Tahlu 9).

The last fastor of the cdause of "little |
‘potﬁtaﬂ is eool growlng eonditions immediately after
‘planting.
i In over-warm ¢onditions of storage tubers
,ilosa a great deal of reserve food material due %o above
normal respiration and to sprout production. They |
eventually become emaciated and rubbery. Where there |
are only one or two robust sprouts per tuber to be .
nurtufed, growth on planting is normal exeept where the |
conditions are very eold and some "little potato"™
results.  Where desprouting of sugh tubers 18 carried

out before planting, the initiation of nmew growth in

fair o poor growing eonditions proves too great a task

%nd the tubers either fail to grow entirely or they

produce "little potato". In the same way, when tubers
#ram.warm storage are faced with the task of supplying

| |
numerous growing points as in the case of proliferated

ﬁprouting, "little potato™ or complete absence of growbh

esults in falr to poor growing conditions. These
Eindtngs corroborate those of van Schreven mentioned
above.
In commercisl practice the complete fallure
of a potato erop is oceasionally experienced due to '
rlittle potato™ and to absence of growth from the setis.

It is to be noted, however, that the most general cause
|

of blankings in potato e¢rops is due to fungal infection |
|
%r the setts. In this country the eommonest causal ‘
|
|
|

A2
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|

agent of blanking being the fungus disease "skin spot™
& Wakef.

i(00$pora pustulans oOwen/) . With regard to erop

failure from "little potato™ no detailed information is
hsuully avallable about the conditions of storage of the
hother tubers. No doubt heating in the clamps assoei-
ted with excessive sprout grawth{_rollawe& by desprout-
ing dﬁring dressing and planting in eool growing con-
ditions are among the contributory factors.

Conclusions. (part I)

%, : Sprout growth is continuous at the apieal eye of
potato tubers after harvest. There 1is no incapacity |
for growth, but this growth is not visible to the |
naked eye as a sprout for a period of time depending

on the condition of storage..

B, Temperature 1s the primary factor in controlling
the length of the period from harvest to the point

of minimal visible sprouting: humidity may have 5§ms
effeet in the lower temperatﬁro range but light has

no effeect.

B After minimal visible sprouting takes place,
temperature andliight phaj compensating roles im the
econtrol of sprout growth for the remainder of the
storsge period. Light agcess is the more important
factor in the range of temperature from 45 ~ 65°F.

do Of the factors other than physical which affeet

i T |
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. the length of the period from harvest to minimal
visible sprouting and the subsequent sprout develop-
ment in healthy tubers, varietal differences are

found to be the most important.

| :
S Cool storage at 35 ~ 409F, ig ideal from the

| point of view of the soundness of the end product

with a-ﬁinimum of sprout growth.

6. The warmer the storage condition of the sett
tuﬁars the earlier is tuberisation and maturity in
the fleld, but the lower is the final yield compared

with eooler-atored sett tubers of the same variety.

7 A eritieal point is reached in the life cycle of
" the potato plant when, through loss of reserve food
| material from the tuber in storage and when planted
| in adverse conditions for growth, perennation is
accomplished by the formation of fresh tubers direct
| from the mother sett. The condition is called
*little potato®. Other contributory factors are
desprouting of the tuber or the type of sproub growth
at planting. In extreme cases no growth of any

kind takes place and the sett dies.
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! PART II. I
| |

TUBER AND YIELD DEVELOPMENT IN THE FIELD.

ZNTRODUCTION, |

| |
' 1
|

Little is known of the normal development of
‘the potato erop in the field, the stages of growth
during this period, and the relationship between stem

Experiment 1.

and tuber. 1In order to elucidate some of these points|
the tolluwing experiments were carried out:-~
1, a. To f£ind the point of tuberisation and of
; maximum e¢rop inerease and to analyse the erop
development in relation to individual tubers.

b. To obtain a pattern of yield development in
relation to the growing period in the field.
¢« To find the relationship of tuber to stem
with regard to relative tuber size.
2+ To agcertaln if the amount of the flow of reserve
food material into a growing tuber is in

direct proportion to its mass.

Previous Literature. The experimental procedure aa?géiea
below is based on gimilar work carried out by Krijthe.
Some differences in teshnique were used here. Krijthe
used individual iariatiea; here three varieties from
three different storage conditions were combined in
the experiment. Also Krijthe used normal field
spaeing between plants and irregular sampling, here th
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ispaoing wag 3 ft. x 3 ft. with regular sampling. The
Eerfeet of the differences in teechnique will be dis-~

|
icussed later.
|
|

| ethod. Three varieties of potatoes, Golden Wonder,
?ing Edward and Arran Qonsul, each from three different

storage conditions, were planted in the field in nine

|
‘saparate random blocks. The individual tubers were

planted at three feet intervals in each direction to

Evoid—interferenue to the roots and to the amount of
available light when neighbouring plants were removed
huriné the growing season. Five plants from eaeh
variety and treatment wers lifted at two-weekly inter-
#ala throughout the growing season after tuber formation
was first apparent. All the tubers from each 1lift

E

were measured and the length of each tuber was taken as |

a convenient equivalent of weight. In the ecase of
olden Wonder, a long variety, the length and breadth of

ach tuber was measured and half the sum was taken as

being a more accurate reading than that of length alone.,l
hn view of the large number of tubers tc be measured
|eourately, e piece of eguipment was designed and eon=~

tructed in order to facilitate the taking of the
?eadinss (Appendix 11).

esults.
a. From the nine individual bi-weekly sample lifts f
1t was possible to obtain a mean length for the first, |
tenth, twentieth, fortieth and sixtieth tuber in
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descending order of size throughout the period of erop
ﬁeve109mant. Any possible individual effeet due to the
ﬁariety or the previous storage condition of the mother
sett was ruled out by the technique used and an accurate

analysis of orop development in relation to the tuber

opulation was obtained (Figure 7).
i

4 /3 3 (0 1 T 7% ) 20 i
WEEKS FROM PLANTING

24

I"alan

Figure 7. The Mean Length of the First, Tenth,
Twentieth, Fortieth and Sixtieth Tubers for Samples

of Five Plants from Nine Separate Lifts Comprising
Three Mainerop Varieties and Three Different Storage
Conditions of the Setts, Harvested at Bi-Weekly Inter-
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The plots were planted on the 18th of April
|
and it was in the ninth or tenth wesk before tuberisat-

don took place, a third of the way through the growing

iaeaamn. The first sample lift was taken on the 30th
lof June ten weeks after planting. Tuber growth is
rapid for eight weeks after tuberisation until the end

‘of August, this is followed by little apparent tuber

increase although, as may be seen from Figure 8, only
| yueld i
76 per eent of the total / has been reached. |

Diseussion.
Ig. ' The point of tuberisation in late varieties ocours
|one-third of the way through the growing season. This
'was later in the growing season than was first antieipa&-
ed. Krijtheilgging similar methods to those already
|described, found that a recession of growth occurred !
two or three weeks before maturity. This anomaly was
accounted for by growing conditions in the Netherlands,

but it would appear to be due to the methods of planting

and sampling uged. After two or three initial samples
had been taken at weekly intsrvals from a plot, it was |

left for three or four weeks during the period of max-

imum erop inerease and sampled again, The latter was,

in nearly all of the oases cited, a high reading as }
' gompared with the next sample taken a week later. The
planting had been carried out at normal spacing (in
the Netherlands possibly 15 x 286 inehes) and the samples
were drawn by paring along the drills from the outsida%

of the plots. This meant that the sample now left

for three or four weeks had an advantage over the
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|

‘sample row to be lifted a week later as it was exposed
to extra light during this pericd. Also the former
gample row had three or four weeks in which to recover
krom root damage as against one week fo# the latter,
ﬁhich, in consequence, gave the lower reading. Smooth
diverging curves resulted in the experiment reported
here,by wide spacing between plants and regular samp-
Ling. On ths assumption, whieh will be shown later
to be correct, that,; in general, the largest tuber re-

mains the largest and the smallest the smallest, it can

be stgted that the larger the tuber the faster it grows,
Qs gan be seen by the divergence of the curves in
Figure 7.

|

l
egults.

. To obtain an assessment of yield development
Furing the growing season, the weights of each 1ift, in
11 forty-five plantg per lift, were taken and plotted

n a graph (Figure 8).
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BOF

PERCENT
o
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1 P

WEEKS FROM PLANTING

|Figg£g - The Development of Yield in the Potato
Plant (Mainerop Varieties).
Curve A. Pergentage of Total Yield.

Curve B. Percentage Increase in Yield.

Discussion.
b. The period of maximum erop increase occurred
between the eleventh and the twenty-fifth of August,
during the l4th -~ 16th week after planting and 6 - 8
weeks after tuberisation. Half the total yleld was
produced within four weeks from the 28th July to the
25th of August between the twelfth to the sixteenth
week ,after planting.

The growing season of the potato plank (main-
erop varieties) may be divided into three stages of

eisht weeks each.
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| 1 Vegetative growbth; 1ii Tuberisation and rapid

tuber development, and iii Gradual senescence of the

haulm accompanied by the sbrupt slowing of tuber devel-
[epmsnt.

Observations and Discussion.

¢. (The Relationship of Tuber to Stem). In the experi

1mant the average number of tubers per plant at tuber-

gisation wag found to agree almost exaetly with the

number per plant at the final mature lifts. It was in
!fact ?airly constant throughout the trisl, There was ﬂ
!sligh% varietal difference. Arran Consul averaged

|
‘thirteen, Golden Wonder fourteen, and King Bdward

eighteen tubers whieh finally were of economie value, |
each with four or five tubers finally below one inch inf
length. With the v?ié?tisa "Binfje", "Eigenhiemer"™ |

fand "Yoran®™, Krijthe found that only sixteen to
?twanﬁy out of thirty-five to fifty tubers formed at
ltuberisation, reached economie size. 1In the experiment
reported here there was no such wastage.

On examination, the position of the tubers in
relation to the stem was found to be in some degree

ecorrelated to the relative tuber size. It was found

|that the largest was produced one-third of the distance
‘and the seeond largest two-thirds of the distance from
the sett to ground level. The third largest was
usually below and nearer the sett than the largest and
the fourth largest on branch stolons. This order is
in general agreement with the finding of xrijtheotlﬁ)
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From the measurements earried out in eonnect-
ion with this experiment, an average plant was found toi
Ehave about fourteen tubers of economic size at maturity;
This number is in the main independent of the number of |
gatems or branch stems. The tubers per plant on the ‘
average show two large, four medium large, four medium

gmall, four small, with four smaller tubers below |

econoniic sige. A dilagram of the average potato plant
hos beeh constructed C(Figufe 9). |

MAIN S_TEMS e

g (Al
/ \
<:::E::} Qg/ x

2"°ARY STEM o
(4)

Figure 9. The Relationship of Tuber to Stem with
regard to the Relative Tuber 8ize in the Potato Plant.

| Tubers 6f Economie Value are scored in Order of Size. |

Experiment 2. |

| To ascertain whether the flow of storage
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roduets into the tubers from the stem and leaves is in
direct proportion to their mass, the following experiment

as carried outb,

e —————

Method. Eight scooped out, single eyes from each of
Ihree varieties, Epicure, Redskin and Great Scot, were
lanted at the surface of half filled 12 inech pots.
ver eaeh 'sett' was placed an open ended 5 x 8 ineh
Follow ean whieh was filled with compost goil mixture
ko form a eore above the 'sett'. The plants were |
|llowed to grow until the single stem appeared through

the gore. The ean was then removed leaving a soil

core intaet round the stem. 1Light was excluded by a

pot cover from the developing young tubers, which
Eppsared eventually at the edges of the core. The ;
humidity of the greenhouse was kept as high as possible,
Each tuber was tallied as it appeared and ths increases

in length noted from weds to week.

Result. The average of tubers produced per stem
Laa four: of these one, two or three were present at
the first exemination date, the others being present the
. Ifollowing week or, in some cases, the next again, It
was nﬁly feasible to sompare the growth of the first
and second largest at the firat examination and the
first and second largest at harvest. It was found
that ninety-four per cent of the largest first formed
tubers were the largest at harvest and the remainder

were second largest and eighty-eight per cent of the
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second largest first formed tubers were the largest or

second largest at harvest.

The mean growth curves for these are shown in

Plgure 10.

201

o8

- o4f

21 1 18
JULY AUG. SEPT. ! I JuLy 2l 9&06. 29 SEPT.

Figure 10. The Mean Tuber Inerease in Length for

Twenty-four Single Stemmed Potato Plants of Three
Different Varietieg in Pots.

Graph A. 1lst. Path of Inecrease of largest
tuber at Tuberisation.

2nd. Path of Increase of Second

largest Tuber at Tuberisation,

Graph B. lst. Path of Increase of Largest
_ Tuber at Harvest.
2nd. Path of Increase of Second
Largest Tuber at Harvest.

Discussion. Prom Figure 10 it may be deduced that
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Ihe larger the tuber the faster it grows. Graph B
%hows the infiluence of the six per cent of the second
largest at tuberisation being largest at harvest and of
the six per cent largest at tuberisation being second
largest at harvest, the latler surve being steepened
also by one or two later starters being seeond largest
Ft harvest.

‘ One feature of the experiment was that the
initial development of all the tubers took place within
the core of soil on very short stolons and as develop~

ment proceeded, they swelled into the surrounding air

space. The reason for this might be that the lower

um1d1t§ of the air space surrounding the core and of
%ge oﬁter 2ayer of the core itself restricted the growth
in length of the developing stolons and brought about
tuberisation on mueh shorter stolons than is normally
the case in the fileld.

Conelusions on Tuber and ¥ield Development in the Field.

1. Tuber formation in mainerop varieties takes place
between the 8th and 10th week after planting.

2s Maximum erop inerease in mainorop varieties oecurs
between the 1l2th and 18th week after planting and

approximately three weeks after tuber formation.

3., Increase in size of a tuber is rapid in the early
gstages but appears to be evenly continuous till

maturity.
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- weeks each: (a) vegetative growth:; (b) tuberisation

- inereases and the relative gize falls:; for a lesser

58.

The growing season of maincrop varieties of

potatoes may be divided into three stages of eight

and rapid tuber (and yield) development, and (e) sen-
escence accompanied by the abrupt slowing down of the
rate of tuber growth.

Pobtato plants in normal growing gonditions produce
on the average fourteen tubers of economiec sige, with.
four or five below one inech in lengbth. The former
1s:oomposed of two large, four medium large, four
mséium small, and four small. ?hie is in the main
independent of the number of afems. For a greater

number of stems than four, the number of tubers

number of stems than four, the reverse 1is the case.

Agsuming that tuber weizht inerease is equivalent
to the total intake of reserve food material over th?
same period of time, then it may be stated that the
amount of the flow of reserve food material into a

tuber is in direet proportion to its mass.
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PART III.
THE STABILITY OF POTATO CLONES WITH REGARD
20 YIZLD.

INTRODUCTION,

With the wide use of disease~free, high-
yielding clones of potatoes for the building up of
.'saad' stocks, some knowledge of their stability with
regard to yield is of great importance. Also if
ehanges in yield oecur within clones, some indieation of
the ;ﬁount of ehange to be expeoted over the years

deserves investigation.

Previous Literaturs.

The first variants observed in potato varieties
were chimerical in nature and were those which wers
distinct from the normal by colour differences in the
Tubsr. Of such origin was the variety 'Golden Wonder'
introduced in 1906.[17} It is a russet tubered variant
of the variety 'Maincrop' which was bred in 1876. 1In the
1920's when certification of 'seed' stocks was under
way in Seotland, variants of later maturity than, and
having some foliar differeneces from, the normal were
observed. These variants were found in almost all of
the earlier maturing varieties and were called 'Bolters!
and 'Semi-bolters'. w Other foliar variants were

also observed at this time, differing fairly obviously
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(18)
from the normal and in many cases having a lower yield,

flees ™wildings™ and "undesirable variations?.
19)
In Australia it was found in 1950 that in

some varieties early and later maturing clones could be
elected which showed no foliar differences from the
ormal. Although more concerned with maturity variants)
1d found clones which were capable in eertain areas of
congistently outoropping other clones of similar maturitr.
Clone testing has been carried out in Holland
since- 1950 to prevent the progeny of low yielding clones
raaohéng the open market. All elone raising is super-
viaed.by the Netherlands Inspection Service, the clones
being tested in small plots in very uniform fields at
different centres over a period of from three to five
yéarsfao, The author, with the co~-operation of D. N.
Lawleyf carried out an extensive trial from 1950 to
1955, in which concrete evidence of clonal variation
affecting yield was established in 1953(3l)and again
confirmed in 1954 and 1955.

Clonal variation affecting yield in the potatog
was also substantlated by Coekerham and MecArthur in
1956522)

It is evident_that if elones arise which are

variants of the normal with regard to yield of variatiej
originating from true seed, it may be assumed that thes

¢lones/

# Mathematics Department, Edinburgh University.




[ 61,

ialonea will also from time to time give rise to clones
;hieh differ in yield from the g¢lonal mean to such an
extent that they may be identified as new variants.

An experiment was undertaken with a view to
establishing 1f possible the stability of potato clones |
with regard to yield.

lethods and Materialg. In order to observe changes

within clones it was necessary to have a e¢lonal line of

some .years standing. For this purpose the original
¢lone 'A' of the author's 1950 to 1955 series of trials
was éelaoted. It was the consistent highest-yielding
‘olone, being second highest in 1953 and highest in 1954
and 1955. It was possible to use this material in thi&
further trial due to the faet that the original variety
was particularly suitable from the point of view of
continued freedom from aphid borne disease. The var-
lety King Edward i1s fileld-immune from viruses *'X', *A!
‘and *C'. The health of the stock was as good at the
finish of the trials as at the start. No aphid borne
infection of virus 'Y' or leaf-roll appeared. For
tests to be earried out over a number of years it has
been found that in using initially virus 'X'-free

tested material of varieties susceeptible to virus 'IX°,

| infiltration of viruses,and of virus 'X' in partieular,
|
' This may be observed from the results of Cockerham and
f

have lowered the accuracy of the results to some extent.

(22)
MeArthur where virus 'X'-testsd material of the

warniatke/
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variety Majestlc was used. At the end of the
four years trial, 50 per cent mild mosaig ('X') was
present along with 5 per cent virus 'Y’ and 6,6 per
cent leaf-roll.,

The variety King Edward is a symptomless
carrier of an individual strain of virus 'S' called
'Para-Of%§¥le', every plant of the variety being in-
‘fected. This is a mild virus in King Edward and
appears to be exceptionally stable. The presence of
this virus is not thought to have affected the results

as any slight effect it may have on yield would be

iganaral to all plants of the variety.
| In order to avoid infeetion with blight
!(ggquphtggga infestans), the plots were hand sprayed

ftwice during the growing seasons and were free from
?blight. They were lifted after the haulms were mature.
] One hundred tubers, randomly selected from

%tha graded produce of the original clone 'At' from the

jprevious year's trial, were planted in a bloeck in 1955,
All plants were lifted at maturity, weighed individually,
and rfom these plants (each a elone) elght were selected

to give a maximum range from the highest to the lowest

yielder. Six setts from esach of the new clones were
planted in six randomised blocks in 1956, and in 1957,
thirty-six setts randomly chosen from the bulk produce

lof each 1956 clone, were planted in thirty-six random-
!

|ised blocks., All the individual sett weights and
yields/
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yields were recorded. The spacing between plants was
eighteen inches and between drills was twenty-eight
inches., Tubers, surplus to requirements, were planted
round the plot to eliminate "end™ effect. The planting
plan for the final year is shown below.

Planting Plan ofClone Trial, 1957.

Block No, 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
(B » B.F 6.0 B € B A2 K &6 OB 0 7 B
Half (¢ o "0 A'9°Y P o220 PR "¢ B B
Drills (B E ¢ 06 0 E E O E © O F C F P B D A
(B9 AN AR P B ECR YA YYD
a. (0 B ER H E A A DVF DEGBGCBTDIBTP
(v O U PR TR PP DEE R K 4 X
{Anrrancaceannnoaoo
E A B B D B D.BH B O A A A O B R G
Bloeck No. 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
(b 6 H © D ¢ ¢ E 0O P E E B EETEA KT
Half (2 F ¥ 3 B A B ¢ FY B O FR O 8 B A 0
Drills D EBEEHDOD A BDBHGT G BT F B O
€ A 6 ¢ OB Y ¥ A X A O ¥ T DO O 2 3
b A E B B¢ B 0 X D¢ D A X RDOC DB B
3 0 08B A T A 9 F AP C O DR DHNIESE
(B B A A E O B P C HC DA A AU BTED
(H B B DPF HEUBHEHOEU BUDI BT EFATEA

Results. 1955. [Eight clones, selected from a hundred
tuber plot of the original eclone 'A', in order of weight
of total yield

1lbs. 0Z. lbs. 0Z.
E 3 2 H 2 (¢}
F 2 12 D 1 15
B 2 ;5 1 A 1 1l
c 2 5 0 - h B O

No elones were found with yield weights between
the lowest (1l oz.) and 1 1lb. 1l oz,
1956./
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1956, BSix randomised blocks were planted,
having one tuber from each clone. The sett weights
pnd yields were recorded but there was too little
paterial to carry out an analysis. The mean yields

are given in order of weight.

|

i 1bs. 0z. lbs. 0%«

i D 3 12 F 2 15

| E 3 6 E 2 15

| ¢ 3 s 3 B 2 14
A s 0 0 2 4

1957. Thirty six randomised blocks were
planted, each bloeck having one tuber from each c¢clone.

The sett weilghts and yields are shown below.

Clones./
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CLONES
Block A B c D | T ) H Block Totals
No. Sett Yield Sett Yield Sett Yield Sett Yield | 3e Yield Sett Yield Sett Yield Sett Yield Sett Yield
Welght Welight Weight Weight Weight Weight Weight Weight
¢ ozs. 0z8. 3% ozs. oz8. % 0zs. 0zs.  0z8. oz8. % OZ8. ©Oz8. % Oz8., Ozs. g oOzs8. ©Ozs. % Ozs. oOzs.
i 7 33 16 28 32 41 15 35 25 50 14 49 20 6 139 333
2 9 32 6 24 15 41 13 35 ° 28 2 38 8 28 101 255
3 29 42 6 26 20 46 16 37 8 42 20 35 15 36 12l 319
4 32 58 19 40 24 54 21 53 15 40 11 26 24 40 171 365
5 28 66 7 30 11 35 14 46 13 4% 23 50 20 50 145 362
6 13 45 13 45 6 36 6 38 27 47 1l 4} 18 52 118 338
7 13 50 21 51 16 41 253 42 8 36 15 33 28 69 134 391
8 15 81 7 28 20 73 14 41 18 36 8 42 9 34 102 399
9 48 56 11 47 21 83 17 52 10 45 12 38 22 50 167 418
10 6 32 7 36 11 51 2l 4 ; 44 14 32 11 35 26 42 129 329
11 22 42 46 42 18 42 14 3 <4 40 14 39 6 19 8 33 148 303
12 10 37 26 42 17 56 19 LN 58 8 39 20 59 12 48 132 369
13 27 57 28 66 10 43 17 28 H 37 38 52 6 26 8 33 153 342
14 34 49 10 29 18 46 5 Y 48 16 40 8 32 21 39 126 303
15 24 20 23 66 7 57 7 Rl 1 39 24 38 29 44 10 43 131 336
16 20 60 22 39 18 53 5 - Sl 26 18 6 14 41 23 65 127 352
17 9 41 25 87 12 39 18 58 ||' 11 38 10 42 7 52 6 31 99 344
18 9 38 35 56 12 69 18 7 J 62 17 50 7 2l 14 52 126 406
19 14 31 8 33 20 54 33 5§ il 1 35 18 50 20 38 26 57 159 352
20 12 28 32 66 15 45 18 5L 3 ¥ 29 20 39 50 65 5 33 180 356
2l 10 29 23 40 6 23 14 24 | @ 53 37 4l 9 28 38 52 169 290
22 4 24 35 43 22 37 33 78 Il . ‘=5 58 6 39 26 61 20 51 171 3688
23 25 45 22 33 5 28 14 b 4l 17 58 20 45 22 49 137 338
24 22 37 13 32 19 54 32 B 8931 68 10 19 9 43 6 48 142 349
25 10 24 17 46 12 28 12 56 ‘@jmf 51 16 42 9 14 39 68 126 329
26 14 61 [ 39 17 39 23 SRl 15 X 45 23 58 50 62 22 34 174 398
27 7 36 19 39 15 42 16 sgfif (1 42 12 35 14 32 20 62 115 340
28 13 46 9 33 20 37 28 5L 37 28 47 39 57 10 37 158 345
29 23 34 13 36 11 44 11 44 38 20 48 11 25 18 66 117 335
30 31 64 6 40 6 32 36 o SR 39 24 46 16 27 22 51 155 363
31 9 50 14 34 13 54 34 em || 58 12 30 14 33 12 29 141 335
32 21 72 1 36 2l 46 1l L8 | 33 6 35 35 42 7 39 125 345
33 11 24 8 43 11 40 17 34 15 B4 9 . 33 24 63 103 313
34 8 34 14 54 24 59 18 63 12 54 18 40 18 38 148 390
35 9 30 13 34 31 78 16 42 12 23 14 30 26 71 133 374
36 11 45 28 60 9 38 24 54 11 44 22 44 _ 7 29 140 363
Clone 609 1,532 622 1,503 565 1,66k 653 1,586 591 1,508 636 1,380 630 1,665 4,943 12,547
Totals . :
Note. Half drills & = blocks 1 - 18,

Do,

do,

b =

do.

19 - 36-
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Statistical Analysis of the Results and Discussion.

Analysis of Variance of 'y'! (yield) negleeting Sett Weight.

dsfs« Se8g. Mean Sg, Variance Rati&?

Between half drilis(a amd b 1 12.087 12,087 -

(remainder %4 4859.9)3 142.913 -
Between ¢lones 7 23135.58)1 33%0.531 2,013 (N,.8.)
Error 245 40228.179 164.179

Total 287 47408.747

As indieated by the analysis of variance above, there are

no significant differences when the yleld alone is analysed.

Analysis of Variance of 'x' (sett weight)

a.f, S.8q. Mean Sq. Variance Ratio

Between half drills{(a and b 1 144.5 144.5 1.7 (N.8,)
(;;;ndar 54 1777 .403 52.277 -
Between glones 7 156,986 28.427 -
Error 245  20833.784 85,085
Total 287 22912.653

As indicated by the analysis of variance of 'x' there are

no significant differences in the sett weights.

Sum of Squares of Products !51).'

d.r. 5.8q.

Between half drills E:nd g ” TR
(noinder 3¢  1095.674

Between clones 7 -10.118
Error 245 17972.618

Total 287 19099.965
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Elimination of Sett Weight 'x' (S.8g.)

ls Clones.

.2, s(x2) s(xy) s(y2) igf (y)%  (d.9)

7 Clones  156.986 ~10,118  2,313.719 T 2,446,980 (7 |
245 Error 20,833,764 17,972,965 40,223.906 15,504,992 24,718,914 (244)

252 Clomes 20,990,750 17,962,847 42,537.6256 15,871,722 27,165.908 (251)

+Error
'11. a v. b (half drills) ‘
lavebd 144.5 41,791 12.087 47,189 (1) |

245 Error _ 20,833.764 17,972.965 40,225,906 15,504,992 24,718,914 (244)

246 Error ”
+q v. b 20,978.264 18,014,756 40,235.993 15,469.890 24,766,103 {245) J

111. Remainder (half drills) ”

34 Remainder 1,777.403 1,095.674 4,859.035 4,282.902 {54) d
245 Error 20,833,764 17,972.965 40,223,906 15,504,992 24,718.914 (244) |
I

279 Error 22,611.167 19,068,639 45,082.941 16,081.125 29,001.816 (278) |
‘+Romainder

Analysis of Varianee of Yield with the Elimination of Sett Weight. |
d.f. S.8q. ean Sg. Varianee Ratio |
o Wi  17Ime

Between a4 Va b ® o &0 e f
half drills(Remainder 34 4,282,902 125,968 1,24 NeS, |
Clones 7 2,446,989 349.570 3.45 (1% sig.)

Error 244 g_es 718.914 101,306
286

¥rom the analysis of variance above, after the
elimination of the influence of sett weight, there are highly
significant differences between clones as regards yleld ab
1l per cent level of significance. An increase of 1 oz. in
the sett welght was found to give an average increase of
3.45 oz. in yield, i.e. the regrsssion cocefficlent was
3.45 (2 0.28).
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|
Lorracted Mean Yields. If for any clone 'X' and 'y' are

Lha means of the total sett weight 'x' and the total

|
Ieight of 4 oz, is ¥+ C(4 = X) where € = regression co-

fficient.

|
}151& 'y', the mean yield corrected for a mean sett

! Mean Yields (0z.) per Sett.

|
\ Clone Uncorrected Corrected Yield
i Yield for a sett weight
| of 4 oz,

c 46.22 46,48

D 47 .47 45,67

H 46,25 44,95

E 44,05 43,85

A 43.55 41.76

F 41,88 41 .55

B 41,75 40,65

0 38.33 37.89

§ As clone '0' is the obviously outstanding

+lone it may be taken against the rest.
Difference ¥y . yo - C(X3- Xg) = = 4.48

‘ Standard error qffiarianae of difference = 5763
l
| ® TE7EE

éonolusions. From the above results it may be sub-

!itted that since significant differences have been

To'und amongst olones originating from the same parent
1ubar some years previous to selection, clones are
Instahla. If it is assumed that clone '0O' was the only
Tignirieantly different clone from the normal in the
hundred-plant plot of the original clone 'A', then the

s e e

!
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ichange has been 1 per ¢ent after six generations from a
single tuber, It may be higher but 1% cannot be less.
&rom the practical aspect, clones will lose their in-
hividuality from the point of view of ylelding capacity
the older they become.

Clone testing for yield is an arduous and
time consuming procedure which, in view of the above
résults, might be to some degree unrewarding unless

periodie reselection for yield were earried out. i
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APPENDIX.
PART I,
A.

1. The apital sprout initial of & tuber at the point of

visible sprouting; 0.45 mm, in length.
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2¢.» Blighted and healthy tubers of the wvariety "Epicuren

were all apparently healthy when stored at 80°F, on
the 26th August, After thirty-five days blight had
eompletely penetrated the tissues of the diseased
tubers. These prodused sprouts ¢~ineh in length

(arrowed) as against the normal tubers approaching
ninimal visible sprouting.
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2b, A healthy and a diseased tuber of the wariety
"Kerr's Pink" from the same crop and condition of
atorage. This shows the final effect of disease on
the rate of sprout growth. The rot here is associated
with, but not yet proved to be due to, the fungus "black dot"

(Colletotrichum atramentarium Berk & Br.).
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3. Tubers of the varisety "Majestic" damaged by frost and
undamaged tubers from the same plant all stored in
normal shed storage, showing the effeect of a partially
healed wound on the period to visible minimal sprouting,

already passed and on subsequent sprout growth.
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Up~to-Date
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Redskin

4., Tubers of the varieties "Up-to-Date® and "Redskin®
stored for five months at
a. Alr temperatures above 52°F. in light.
b. 35°., dark, and
¢. 80°,, dark.
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5. Tubers of the variety "Epleure® after seven months
storage at 809,
a. Approximately 40 per cent relative humidity, dark.
b. Do, 95 per cent do, 0. do.
Co Do, 95 per cent do. dao, light.
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U"!""uhd« |

(6) A.

o

' TREATZD
JnreiaTED. D

(6} B,



.

UNTREATED:

C.

6, The effect of Ethylene chlorhydrin treatment (0.5 ee. per
litre air space for forty-eight hours) on the sprouting
of tubers stored at 80°. (variety "Great Seot").

A. After seventy days in storage.
B, After eighty-eight days in storage.

C. After one hundred days in storage.
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7. Tubers of the varlety "Dunbar Standard® after five
months in storage at a temperature of 50°F. (

in the dark.
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8a.
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b,

8. a. Tubers of the variety "Epicure™, "iajestic"™ and
"Dunbar Standard® after eleven months in storage at
35°F. in the dark.

b. The same tubers after seventeen months at 35°F. in the

dark.



8l




9. 4a. A tuber of the variety "Dr. McIntosh"” stored at
80°F. showing sprout proliferation due, in the first
place, to damage to the apice of the aprout,
b. The same tuber some weeks after planting. The weather
gonditions having been adverse for growth immediately
after planting. The symptoms are typical of the

egondition of "little potato”,



10, A tuber of the variety "Epicure" transferred from
storage at 80°F. to storage at 35°F., in Mareh.
Photographed in June. Showing symptoms of "little

potato”.
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PART II.

11, A simple piece of equipment designed to facilltate

: - o 52

the measurement of tubers.
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1C. Anon., 1966. Seed Potatoes. Printed for the-Dept.
|
11, Croock, E.M. and Watson, B.J.ixl950. Studies on the

12. Ophius, B.G., 1957, The effect of ventilation

ga./
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| BXPERIMENTAL EVIDENCE OF CLONAL VARIATION AFFECTING
YIELD IN POTATOES.
P.M,W, Davidsonl and D.N.Lawley®

Whenever selection of potato plants is carried
‘out with a view to improving the health of stocks, the

‘possible presence of high- and low-ylelding clones be- (
‘comes of first importanse. With the establishment of |
|%hs Virus-tested Seed Scheme in Scotland, where single

iclonas are tested for virus X, multiplied for a few

lyears, then passed into the general seed trade, the

.
|progeny from any one elone may run into hundreds of acres,
iIt 1s desirable therefore, that should there be clonal
ivariation in yield, only families with high-yielding
,eapabilities should be used.
! In Australia (1) it was found that from the
Jolﬂ-astablished varieties of Up~to-Date; Early Carmen,
‘and Brownell, clones of earlier and later maturity than
the normal could be selected readily. Some were ]
distinet (medium and late Brownell) whilst in others

(Up-to~Date) few follar differences were observed.

Although Bald (1) is more eon¢erned with maturity

|75r;ants suited to eertain environments he found

' 'yariant elones of Up-~to-Date and Brownell that are

-l annaiatently/

1 Dpepartment of Agrieulture for Seotland.
2 Methematical Institute, University of Edinburgh.



iaonsistantly capable of oubteropping other elones of
similar maturity when grown under sertain environmental
eonditions'. To date the main elones of differing
maturity observed in Seotland are those of semi-bolter

Lnd bolter types. Variations of foliage form and

colour of flower and tuber are found, but before 1945 no
lariation had been found whieh oubteropped the typieal
Elant of the variety and retailned the same maturity date
as the latber (2). One may safely assume, as did Bald,
rom the evidence of frequent changes in the noticeable

haracters which are familiar to seed-potato growers,

"

hat comparable changes in the more obscure characters,
«€s ylelding capucity, occur at least with equal fre-
nuency.

Clone testing has been earried oubt on a large

g —

goale in Hollapnd (8) sinee 1950 to prevent low-ylielding,
kirua-tested elonal families from reaching the open
#arket. The tests are carried out at three centres
bver a period of 3 years by the General Netherlands
inspaction Service. It has been shown that the pro-
&uctive capacity of certain clones is higher than that
Lt obthers, no abnormalities being manifest, The re-
ults are mainly based on'tha yields from shall plots in
nifumm fields and it is not stated whether these have

een statistically analysed. e _ '

The findings of workers in other countries

niicate that in established potato varieties, eclones of

Titfering yielding capaeity arise which may or may not



‘the experiment. Another requirement was to exclude

89.

differ from the normal in appearance. The latter are

important from the point of view of recognition, and,

once identified, may then be propagated to give increas-
ed yleld. To the many specialized seed-potato growers
who practise plant-selection as a means of improving
their stocks, the result of this experiment will be of
interest and any improvement in erop-yield resulting
from the work will doubtless benefit all potato growers.

Methods =nd materials. Assuming that yield variants

arise in the same proportion as gross variantg, then the
older the variety the grester the proportion of yield
variants whieh can be expected in an apparently normal

crop. On this assumption an 0ld variety was chosen for

as far as possible virus disease, particularly that
caused by virus X. In the virus-tested stocks avail-
able at the time, choice of variety and more partieul-
arly of elones was too restricted. This 1imiﬁed the
ghoice to varieties field-immune from virus X and 4,
e.g. Epioure and King xdwnrd. The former, however,
was ruled out because of the frequent occurrence in it
of bolters and aemi*boltaru.' King Edward may not be
entirely ideal as every plaﬁt of this veriety is a
symptomless earrier of the virus E (Para-crinkle), but
it was adopted as the bégt available at the time.

In 1950 twenty typieal King Edward plants were
chosen from two large stock seed plots growing at East




20.
Lraiga, Edinburgh, and were lifted at maturity. From
hese, eight clones were selected to give the maximum
weight range. Tive setts from each were planted in
Iive randomized blocks in 1951 and forty setts in forty
andomized blocks in 1958, The plots were anti-blight
prayed in both seasons and no diseases were observed on
he haulms or the tubers. The plots were kept under
bservation and were found to be free from noticeable

irus diseases and foliar variations and to mature evenly

esults. 1950, Eight clones selected from plots grow-
ngjat East Oralge, in order of weight.

| Bed 1b, 0%. 1b. 0%,

A 3 AP SRR - 6

4 P 3 LT Al 0%
c 2 1284 H 1 14
B 2 9 = i 13

1951, Five randomized blocks were planted but no
gbtatistical differences were found. The mean yields

1re given in order of weight.

1be 0zZ. 1b. OZ.
¢ 3 1 = 2 14
A .8 e D 2 138
F 2 15 B 2 113
E 2 Yhi. 80 nd 10

1952, Forty randomized blocks were planted in a plot
eovering twenty drills, with each block oecupying one

hiale/




el1.
]half—ﬂrill.

As indicated by the analysis of variance belaw?
there are highly significant differences between clones
as regards yield, at the 0,1 per cent, level of signifi-
cance.

Analysis of Variance of Yield (meglecting
sett-weight )
L
d.f. 8.8q. Mean Sq. Variance
ratio
between
half-drills(a and B 1  492.6 492.6 6,74 (1%8S)
= ro=- |
: IIIBiIl- 58 3'15704 55‘8 "e .
_ (der :
| Between Clones 7 2,635.9 376,6 5,15 (0,1
% 8)
m 273 19 .956.% DSl %0
Total 319 25,34296 ) o0

!There ig also a significant difference between the two
ad jagent plots of half-drills, a and b, each comprising
twenty blocks.

On further investigation it was found that
gett-weight had a small but significant effeet on yvield,
(An 4inerease of 1 0z. in the sett-welght corresponded
to an average increase of 5.3 oz. in yield; 1i.e. the
regression coefficient was 5.3 (i 0.6).) This would

to some extent affect the comparison between clones

gince the mean sebtt-weight was not the same for each |
' elone. The following analysis of variance of yield
 corrected for gett-welght shows, however, that the

alones 8till differ sipnifiesntly even when sett-
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weight is taken into account.

Analysis of Variance of Yield (eliminating effect
of sebt~-weight)

def. §.8q,  Mean Sq. Variance Ratio
Between 7 1,984.0 27648 4493 (0+1%)
clones
__Ii_l;ror 2972 15135&06 56,07 .o
Tot&l 279 17 3 184.6 .u e

The following table gives the mean yield for

ioagh elone, the numbers in the first eolumn being the

ungorrected ylelds and those in the second column the

biélﬁs which would have been expected if the mean sett-
i
welght for each c¢lone had been exactly 3 oz.

| Meen Yields (oz.) per Sett.

| Uneorrected Corrected Yield
Clone Yield {for sett-weisht of 8 oz.
f c 51.6 51,9
r A 50.4 50,1
| D 48,0 48,7
} G 46.2 47.8
iy 46,4 47.3
B 45.5 46,8
B 432 44.3
| Standard i 1.4 '
. Srror

It is clear that clones A and ¢ are well above
|
the general average, while E and H are well below., The

expected yield from 1 acre (13,000, 3 oz. setts) for |
elones A and C would be 184 tons and for E and H, 16 |

e
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Discussion. With regard to yield, it does not mabtter
5: differences are due to retrogressive mutations only,
the normal form remaining constant, or to retrogressive
and progressive mutations. Viruses also may mutate and
the effects of different strains may esuse differences
in yields (4). 8o far, however, strains of virus 'E'
have not been recorded and it has been assumed that,
being uniform throughout the elones, this virus has not
interfered with results.

| It is possible that c¢lones react differently

:1ﬁ:various seasons and further yield trials are necess-
ary to study this effect. Clones A and C have main~-
‘tained their yielding capacity over the 3-year period,
!also the range in the year of selection approximates
!oloaely the range in 1952. Too much emphasis, howsver,
‘cannot be placed on the individual yields at selection
or on the small yleld differences in 1951, Owing tp
the relatively few numbers involved, the consequent b
absenee of any statistieai proof in the latter, and the
frandam sourge of the former, the effectqof many other
!ractors, e+Z.8011 and manﬁring, gould so inriuenee the
yield as to obscure yielding ability,

' Without further work it is also impossible to
state how frequently mutations affecting yilelds arise
‘in potatoes. Judging from foliage mutant forms, it is
lunliﬁely that they are sufficiently frequent te permit

the rapid degeneration of any high-vielding elone.
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!conalugiona. Assuming virus 'E' has not affeeted |

'the yield, the results are of some éonsequence.
1. High~- and low~-ylelding ¢lones appear to be
present in King Edward and probably in other

varieties,

* 2. 7The ylelding capacity of clones appears to be
heritable.

3, Increases in yield per acre may be pogsible by

selection for high yield eoupled with e¢lone
testing.

|
! : The investigation is being continued to deter

‘mine whether elone differences are affected by season.

]1. J.G.Bald, Testing and Maintenance of Potato Clones.
Eﬂlp. a’. Expt. A.gric.’ 1950’ 1_8, 95"104.

|

‘a. T.P. McIntosh, Variations in Potato Varieties. Scot
J. Agric., 1945, 25, 125-32.

3+ Anon, QGlonal Selection., Potato News from the Nether:
hndﬂ, 1952’ &’ 1I

4, Phyllis E.M, Clinech and R, McKay, Effect of Mild
Strains of Virus X on the Yield of Up=to-
Date Potateo. Sei, Proec. R. Dublin Soe,,
1947, N.S., 24, 189-98.




DORMANGCY IN THE POFATO TUEER AND THE EFVECTS OF
STORAGE CONDITIONS ON INITIAL SPROUTING AND
ON SUBSEQUENT SPROUT GROWTH.

T.M.W. Davidson.

The importance of the behaviour of the pobtato
tuber in storage needs no emphasls whether the ultimate

iaim be use as ware or seed. Being a living entity
the tuber is highly responsive to storage environment
'wgﬁoh may determine its condition as regards cooking i
qﬁality, soundness, viability and tuber behaviour when :
planted as seed. With the change to shed and con- |
trolled~-temperature storage as opposed to older, more

primitive mebhods, detailed knowledge is required re-

garding all influencing factors in various ccmbinations;
i

and thelr ultimate effeects. With this objeet in view
jthe following experiments were conducted and observatio

‘made of these various storage factors.

|
i In any study of storage the dormancy factor

iis of prime importance. A widely held view is that the
potato tuber has a 'rest period!, that is a period

following harvest when the tuber is incapable of produc

‘ing sprouts in 'optimal conditions for sprouting!, or

' in other words, in conditione which are known to bring

about sprouting in the shortest possible period of time,.

|
| |
iIn sub-optimal conditions for sprouting the tuber |



|
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l

requires a longer period to sprout, and this is calleds
ﬁhe 'dormamey period'. This is the period of time,
#neluding the 'rest period’ ??ich the tuber requires to -
?roduoe sprouts. Emilsson, foll?;%ng on the work of
?thers inecluding Wright and Peacock but using storage

methods which did not fulfil 'optimal sprouting con-

iitions‘, found that the potato tuber required from
7-19 weeks 'rest period' depending on the variety used.
ft will be shown that the potato tuber has no 'rest
period! and that the appearance of a readily visible
Apvbut igs not a sign of dormancy-break but the first
#isible indieation of growth which has been progressing !

%roﬁ the time of harvest.

drowtg at_the apical eye prior to minimesl visible

b gprouting.
|

Visible sprouting has been regarded as the
ritical sign of growth-commencement or the end of the
ormancy pericd in the potato tuber. In order to study
éhe possibility of growth proceeding for some time prior
to visible sprouting, random samples of tem tubers each,

rom the same plot of the variety Majestie, were lifted
At haulm maturity and stored in two batehes at constant
gempgratures of 800F, and 399F. Ten tuber samples from
Qach storage environment were examined at inbervals and
the lengths of the median - longitudinal seetion of the

gprout- initials of the apioal eyes were measured using

ﬁ micrometer eye-pisce. Apical eyes were used for this|

| |
study as apical dominance in tubers is most pronounced |
| |

I

|
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early in the storage period, Readings were taken at |
‘intervals which appeared to be suitable for the purpose,
and which fitted in with other work. The mean readings

‘are shown in Figure 1. |

Figure 1. Graph showing the growth curves of the |
apical eye sprout-initials of potato tubers (variety
fuajastic) from harvest to visible sprouting at two

storage temperatures. [Each point is the mean of a ten

tuber sample.

From Figure 1 it will be noted that growth
proceeds rapidly at the sprout-initials of the tubers
stored at 80°F., showing minimal visible sprouting after
‘two weeks in storage. From this, no ineapacity for
growth is evident. In the same manner growth has been
'proeeeding more slowly at the sprout-initials during
storage at 39°F. When the sprout-initial attains the |
length of .45 mm. it becomes visible to the naked eye ab
;a sprout. As the length of the sprout-initial at har-!
;veat is in the region of .2 mm. the increase of .25 mm.

‘ogcurs within the period of apparent tuber dormancy

(Figure 2). ‘
| |

éFigggel . An apieal sprout-initial of a tuber at the
point of visible sprouting, .45 mm.in length.

The effeect of storage eonditions on the length of the

‘period from harvest to minimal visible sprouting.

In this experiment, fourteen varieties com-
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Iprlaing four first earlies, seven mainerop and three }
j1ata mainerop were used. The stocks were free from i
virus and other diseases and were grown together in plots
of thirty plants were variety. The plots were harvested
fat haulm-maturity except in the case of the three var- |
leties noted in Table 1, which were harvested after the

haulms had been killed by frost.
| The tubers from each variety after harvest |
were divided into four egual lots of from 50-100 tuhers|
iand placed under different storage eonditions. Reason-
ably constant temperature chambers were used except in |
fthq case of normal shed storage. It was expeected thati
the tubers stored at 68°F. (I5°F.) would be in optimal

econditions for sprouting and those at 80°F, (%50F.) in

maximal eonditions., A cold store at a temperature of
!55°F. (*29F.) was used to store tubers in minimal con=- :
ditions for sprouting. The approximate relative humid%
ity is given in Table 1 but it will be shown later that
'humidity and also light have no influence on the length
of the period from harvest to minimal visible aproutingi

iat least in the higher range of temperatures. '

!Tablo/
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Table 1. Days of harvest to minimal visible sprouting of
tubers in different storage conditions.
Average days
to minimal visible sprouting
90-95% Normal gtorage 95-100%
Variety Maturity Harvest humidity at eoncurrent humidity
date air temps. and
humidity with
heating during
frost
1955 80°%. &8°F. 359F.,
g 1§ure ) 20/8 45 # (33) 64 97 (75) 177 (101)
ster
Chieftain lst Barly 29/8 46 57 97 136
Home Guard 29/8 28 B4 - 73
Arran Pllot l0/9 39 47 68 82
Record le/9 32 48 8% 109
Arran Consul 11/10 30 43 135 150
King BEdward ) Early 13/10 g8 38 89 141
Orion Mainerop 18/10 81 39 100 138
-Dr.MeIntosh J9/10 18 21 47 87
Me jestic 15/10 21 (22) 41 89 (80) 136 (120)
Redskin 20/10 20 22 69 1386
£ Kerr's 20/10 13 20 45 84
Pink Late
¥ Golden Mainerop 20/10 B8 39 117 151
Wonder
* Up to Date 20/10 20 22 65 93

# Bracketed figures are for a second year of test.

® Haulms killed by frost.

Environmental factors and their effect on the length of the storake

period to minimal visible sprouting.

Some agcount must be given at this point of the

effect of environmental factors.



| 100,

|

Temperature. The temperature of storage appears to
'be the primary environmental factor influencing the

length of the storage period to minimel wisible spront-5
;1ng. The viability range of sound tubers is from just |
'below freezing point, in the rezion of 30°F. for a few |
hours ¥o 120°F., also for a few hours. The temperatur$
giving the shortest period of storage to minimal viaible
sprouting is in the neighbourhcod of 80°F. and that |

glving the longest period 35°F. or possibly a degree or!
two lower (Figure 3).

:ig « Days from harvest to visible minimal

sprouting for tubers of fourteen varieties, comprising |
approzimately 1,000 tubers per storage condition. e!
curve 'Air temperatures' is for shed stored tubers at ]
fconeurrent air temperatures above freezing point. The|
diffarenoa between varieties in different storage con- |
Fitiona is shown by the plotted path of two varieties

(Arran Pilot and Dr, MeIntosh).

Bumidity. The humidity of storage has apparently no

|

effect on the length of the period %o visible sprouting |
|

at high temperatures (Table 2) but may have some effect

ht lower temperatures of storage although this is thought

to be slight.

Light or dark econditions. These eonditions have no
ma
effeet on the length of the period to minimal visible

iprouﬁing (Table 2) and it is thought to have no effect
|

at lower temperatures.
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Table 2. The effeet of humidity and light on the
length of the storage period to visible mgg;mél

gprouting in storege at 80°F. for samples of |
250 tubers.

Average storage period in days to mini-

- Storage mal visible sprouting
gonditions
Dark Light Dark \
Relative Humid~ Relative Hum- Relatilve |
ity 1dity Humidity
40% over 90% over 90%
| Variety
Epieura {lst 33 33 33
: Early) |
H&eeatia 26 21 228 !
Mainerop) '

Inherent faetors and their effect on the length of the
storage period to minimal visible sprouting.

Variety. Varietles differ one from another in
many ways but the behaviour within the variety is re-
Elatively stable, thus the storage period to visible

éaprouting per variety is found to be fairly constant;

itho higher the storage temperature the narrower are the

?11mita of spread about the mean period of sprouting.

érram Table 1 it will be noted that there is a general |
%correlation between varietal earliness in ripening and +
relatively long period from harvest to minimal visible |
iaprouting at the higher storage temperatures. 1In

[
Figure 3 results with two varieties have been plotted t?
|
|
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| i
show the difference between varieties in relation to the
individual periods of storage required for visible
?aprouting at different temperatures.

Other inherent factors have been reported in

literature as affecting the length of period to visible

itprouting namely: Size of tuber (1)(3); dsgree of
‘tuber maturity'(l)(a)té)tsl; stareh content (3).

8ize of tuber. This appearsd to have no appreci~
‘able effect.

. Degree of tuber maturity. Immature tubers were
| 5
'tound to require a longer period of storage to minimal

iv;sible sprouting in all storage ¢onditions, |
i Stareh content. The variety Golden Wonder is

érolativaly rieh in starch and it may be observed from
éTahle 1 that it was outstanding amongst the late main-
!orop varieties in requiring a longer storage period to

minimal visible sprouting in all storage conditions,
'The effect of variation in the stareh content of in-
dividual tubers within the variety has not been examined
but it is not thought to have any appreciable effect.
_ Foliage variants. Tubers of feathery wildings were
{toatad against normal tubers of the variety Ma jestiec

|
'but little variation was found in the period of storage
‘to minimal visible sprouting required at all storage

‘bemperatures,
Virus diseases. These were found to have little
effeect on sprouting with the exception of virus Y in-

|
|
|
fection which required an appreciably longer period to
|
|
|
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Isprout at 80°F, and 35°F, than the normal, ;
| |

hon-quironmental factors and their effest on the length

of the storage period to wisible sprouting. \

Fungal diseases. Tubers infeeted with dry rot (Fusar-}

dum goeruleum), severe eommon scab (Streptomyces seabies)

or other organisms have a shorter period of storage to !
|
pams variety at the same gtorage temperatures. |

visible sprouting than have the healthy tubers of the

ﬁoupda. Tuber wounds which heal quickly, such as
olean cuts and indentations, have no effect, whereas

| s \
slow healing or partially healed wounds such as frost ‘
damage, is usually accompanied by a certain amount of i

|

rot which affeets the storage period to minimal visible

sprouting in the same way as infeection by fungal digease

iFiguro 4)., It appears that a gertain amount of funga
or bacterial rot is assoeciated with the shortening of
the pericd to minimal visible sprouting at temperatures
icwer than optimal,

Figure 4. lMajestic tubers, frost damaged and normal

#rem the same plant, stored in normal shed storage show-
ing-the effect of a partially healed wound on the rapidiLy

|
Chemical Treatment. Many chemical treatments of tubers

¢an be used to shorten the period of storage to minimal

f visible sprouting and on the consewuent growth.

%iaiblg sprouting ('dormsney breaking'). The author
hae found that Ethyleme ehlorhydrin (.5 ec. per litke
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\
|

18 interesting to ecompare the rasu%g? given in Table 1 |

air space) can shorten the period of storage to minimsl
‘viaible gsprouting even under optimum eonditions. It

lwith those of Stuart and Milstead . Storage at
;80°F. is apparently almost as efficient a means of |
'dormaney breaking' a# the use of chemical treatments
ibut there is no doubt that in the lower and normal |
@range of storage temperatures tubers can be made to
1sprout more quickly by the use of such chemical treat- E
|

ments. |
| {
' Work has been conducted to test the effect of

‘oxygen concentration on the breaking of the 'rest per-
‘iod' of ?u?ars but the clear eut results obbtained by )‘
‘Thornton were not substantisted by Sawyer and Smith.|

Discussion on the period from harvest to minimal via;blﬁ
| . gprouting.

i Visible sprouting or an arbitrary sprout
:1ength has been regarded previously as the eritical sigm

of growth commencement from potato tubers. From the

above results it has been found that growth appears to
|

‘be continuous at the apical eye after harvest (Figure 1]
and the growth rate is dependent on the storage tempor—'

ature alone, light having no effect and humidity having'
|pbaaibly some slight effect only at low storage tamper-'

atures. The growth at the apiecal eye being dependent !

upon the temperature, there is no question of dormancy {
existing in potato tubers but only a natural eondition-!
Eing for perennation flom one geason §0 the next. If |
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the term 'dormancy' implies absence of visible growth
|

then the potato tuber may be dormant for periods of up
| .

to five months in conditions sub-optimal for sprouting
but if the term infers ineapaecity for growth then the

?Gtato tuber has no dormant period.

| The appearance of a general gorrelation be~ %

tween varietal earliness of ripening and a relatively
long storage period required to visible sprouting at
B0OF. is interesting. (Table 1). This character may be

h negessary fasctor for earlies whiech, maturing in the

height of the summer, should not sprout rapidly in spite
Lr:ravourable growing conditions existing at and sub- |
Loduent to harvest. This factor may be due to selection
by breeders and growers or possibly by & natural select-
ion of genes, where an early variety in natural c¢on- |
ditions would sprout and grow into a young plant to be
inevitably destroyed by the first frost of the winder.
in gtorage at B5CF., visible sprouting 1s delayed for

nearly five months and, as will be shown later, growth

thereafter is extremely slow.

tho effect of storage eonditions on subgequent sprout
growth after minimal visible sprouting.

After minimal visible sprouting oecurs, light,
humidity end temperature play compensating roles in

their various combinations. Of these, temperature is
the primary factor them light and lastly humidity.
At high temperatures (80°F.) sprout growth is
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|
Fainly indepéndent of humidity and ligzht. Sprouts

appear within a few weeks after harvest (Table 1) and

%rowth is rapid for several weeks by which time the i
}sprouts.vary from §-inch to l-inch in length, theraarta#
!growth slows down and thickening of the sprout oecurs, |
!tha length at the end of the storage period (March-

iApril) being # to 1 ineh. The effeoct of humidity and
llight may be judged from Figure 5 where high humidity

|

and dark eonditions have promoted growth in the latter

|part of the storage period.

i igure 5. Tubers of the variety Epicure after seven

Imoﬁths storage at 80%F.  Left: approximately 40%

|

‘relative humidity, dark. Centre: approximately 95%
' relative humidity, dark. Right: approximately 95%
' relative humidity, light.

|

| At room and at winter air Lemperatures above |
| freezing point access to light is the primary factor in
| eontrolling sprout growth. Minimal visible sprouting
eaéurl on the average about 1l weeks after harvest and
thereafter the rapidity of growth is dependent on light
ageess, other eonditions being equal. This may be
| observed in gemeral by eomparing a typieal tuber of

| Redskin after five months storage in boxes in light at
' normal alr temperatures (Figure 6A) and tubers of the
variety Dunbar Standard after fivu months storage ab
50%. in the dark (Figure 7).
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??1gure 6. Tubers of the variety Redskin stored for
| five monthz at

A, Air temperatures above 32°F. in |
| light
| B, 35%., dark; and
i ¢. 80°F., dark.

Figure 7. Tubers of the variety Dunbar Standard after
|
‘tiva months storage at a eonstant temperature of 5007, |

(1 8%.) in the dark.
! In low-temperature storage (35°F.) minimal

|

wisible gprouting takes plage, on the average 17 weeks

after harvest and sprout growth thereafter is slow, wit%
light access and humidity having for all praetical pur-
iposﬁu only a slight effeet up to the end of the normal ?
Iatoraga period.

g It will be noted that the Redskin tuber shows

%minimal visible sprouting after approximately twenty E
weeks in storage (Figure 6B). At normal planting time
Iin March and April, tubers of all sixteen varieties
tested over two seasons were sound, with sprouts of

4=ineh or so in length. Tubers stored at 35°F., remain

|

in execellent eondition for longer periods than those

normally required. The tubers remain sound and sproul
growth is very slow, (Figure 8),

|
|
|
iziggge 8+ A. Bpicure tubers after eleven months;
B, Majestic and . Dunbar Standard tubers after 10

|

|

months at 35°F. in the dark.

o ' |

igignuaaian. To keep the sprout growth of stored

| : |
|
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tubers to a minimum is the aim of all growers whether
ithe ultimate use be ware or seed. It is equally im-

|
portant from the point of view of 'seed' exporters wher

long distances and hot oonditions are involved. There
is no doubt that cool storage at constant temperatures
verying from 35 - 38°F. ave ldeal for storage and transﬁ

port, giving a sound end product with very little ’
isprauting. Samples cooked along with controls showed
&he quality of tubers from eool storage to be unarfeetad
Lhan boiled. Flesh golour ig intensified during eool
torage snd flavour beeomes more apparent. In tubers
ﬂostined for ehipping, storage at temperature above
40°F. is sdvoecated by Smith  but, without inhibitors,
sprouting under these conditions would be excessive as |
ﬁll tubers for gonsumption must be kept in the dark.
'Fubsrs for ‘'seed' can be kept in excellent condition atb
?ormal room alr temperatures provided there is good
?ocsss of light. A graph of the combined effects on
%prouting of temperature and light is shown in Figure 94
ﬁumidity plays only a minor role in increasing the i
rapidity of sprout growth,

Figure 9. Graph of the gombined effects of temperature
and light on the rapidity of sprout growth.

The effeet of storage on subsequent development of the
potato. |

To observe the afber effects of storage on

|
|
|
|
field performance. tubers from the three wvarieties
|
|
B
|
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King Edward, Golden Wonder and Arran Consul, from three‘

storage treatments, were planted in nine separate random

blocks. ' The tubers were planted at a double spacing |
|or three feet between plaamts o allow for sample 11ftini
~dur1ng the growing season and to obviate the effeet of i

removing plants upon the remainder. Five plants of'ealh

variety from eagh storage c¢ondition were harvested at

fortnightly intervals after tuberization and their |
yields recorded (Table 3). ‘
i
|

kabla 5. Tields of fifteen plant samples, five per
variety of three maincrop varieties, King

|

1 : Edward, Golden Wonder and Arran Gonsul.

! Storage Weeks from planting |
| Sreatment

11 18 35 4y "1y 21 2% 25

T | - ;
' 1bs 1bs 1lbs lbs 1lbs 1lbs 1lbs lba

 80°F, 4 17 31 52 50 70 75 8l

Alr

| temperature ® 6 25 49 66 785 V5 80

| 550, = B 84 40 57 64 75 73 |

Plots of five varieties were alse planted from
. |
bubers stored in the same storage conditions as the above

?nd were used for general cbservation and pilot yield
ﬁr;als (Table 4),
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Table 4. Pilot yield trial of the effect of storage

temperature on subsequent maturity and yield.

Storage treatment

Normal shed storage
at goneurrent alr

Variety temperatures with
heating during frost
80°F, e 35°F,
Yield{ Date of Yield4 Date of Yield# Date of
Maturity Maturity Maturity
Arran PL16t lba | 1bs 1bs
lst Early 69 11/8 84 15/8 98 26/8
Record _;narly 57 15/8 83 28/8 89 10/9
Majestic)Main- 10 14/9 127 20/9 125 g
Orion )erop 111 18/9 137 3 126 7
Kerr's Pink)Main- 112 B 114 #* 116 =
Up to Pate )erop 135 ® 122 £ 128 4

# Yield figures are for 27 tubers planted.
% Not matured when the haulms were killed by frost
2lst September, 1956, -

Discussion. Although the scope of the above experiments
is limited the effect of storage on yield has sinee besn
confirmed by statistical experiment. With all the varieties
grown, plants from tubers stored at 80°F, emerged on the
average fourteen days before those tubers which were shed
gtored at concurrent alr temperabures above freezing point,
The latter emerged on the average eight days before these
gtored at 359", The difference in vigour was obvlious

between the three treatments until almost mid season, eleven
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‘weeks after planting. In the early varieties whers
‘maturity of the haulm was unimpeded by frost the warmer
the storage the earlier was the maturity (Table 4).

|

The term maturity is used as meaning the point at whie:L

maximum yield is obtained and is judged by the yellowil
‘of the senescent haulm, From Table 3 it will be noted

that the warmer the storage the earlier tuberization

‘takes plage and in those varieties that reached maturibb

‘unimpeded (Table 4) the warmer the storage the lower wak

itha final yield. 8o, from the practical point of view
icoo;-atored tubers, although later in emerging and in
itub’r forming, eventually catech up, and, in the case of
' varieties unimpeded by frost, outyield warmer-stored

|
tubers at maturity, Vhere earliness of ceropping is

important fairly warm storage (45-50°F.) in boxes with

good light access might be advantageous.

!

yather Features. The insidense of the spread of rot
'diseases im ecool stopage has not been studied specific-
ally but there is evidence that cool-stored tubers are
less able to seal-off inoculated material of the gan-

l5rane fungl (Phoma foveata and P. tuberosa)than those

' of tubers dipped in a spore suspension was much 1?3515b
: 10

the lower temperature in the presence of moisture.

In the tests reported here which covered three seasons

the tubers were kept in boxes in a cool store at a con-

tubers stored at a higher temperature although infection

' stant temperature of 35°F. where they remained sound and
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free from rots. A feature of warm storage is the ine-
‘aidenee of 'little potato', a physiologieal eondition
where the life eyele ig contracted, as evidenced by the
produetion of young tubers on the sprouts of the old
'sett' (Figure 10B). The conditions may be induced
artificéially by transferring sprouted tubers from warm
to cold storage (Figure 1l). From experiments carried
out by the author warm storage alone will not produce
|'little potato', three faebors being involved, viz.

1l warm storage, 2 proliferated sprouting due to injury

of any form to the apieal sprout or sprouts and 3 a ecol
sriéd after planting. The eondition may be permanent,
8 sﬁcwn in Figure 10B, but all degrees of severity may
e found in the field as a result of variation of the
}nfluanoing factors.

E;gure 10. A, Tuber of the variety Dr. McIntosh stored

Et 80°F., showing sprout proliferation due to damage to

Ehe apieal sprout. B. The same buber some weeks after

Llanting, the weather conditions having been cool.

|
i + A tuber of the variety Epicure transferred
rom storage at 80°F. to storage at 35°F, in March.

!hotographad in June.

Jonelusions.

+ Sprout growth is continuous at the apical eye of

otato tubers after harvest., There is no ineapacity




temperature range bub light has no effeecth.

earlier is tuberigation and maturity with a lower final

113.

for growth, but this growth is not visible to the naked

storage eonditions,

2, Temperature is the prime factor in eontrolling the
length of the period from harvest to minimal visible
sprouting; humidity may have some effect in the lower

3. Cool storage at 35-40°F. is ideal from the point of
view of the soundness of the end product and minimum
sprout growth. Where tubsrs are stored for seed pur-

poses at higher temperatures light access is eaéential

to prevent etiolation.

4, In general, the warmer the storage conditions the

yield than eooler-stored tubers.

Agkng!led@agt »
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