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1.

INTRODUCTION

In Britain a progressive improvement in the health and

parity of potato seed stocks can he traced since the

beginning of this century, this improvement being reflected

in the steady raising of standards employed in the scheme

for the 'Inspection of growing crops of potatoes'. In the

present day pattern of potato growing, certified seed

potatoes of considerable value are produced annually from

Scotland, Ireland and to a lesser extent from high lying

areas of England and Wales, and the guarantee of a high

degree of freedom from virus diseases, which is embodied in

the certification scheme, has no doubt contributed much to

the high general level of yield in our commercial varieties.

There is, however, still a considerable scope for

variation in the value of seed with respect to disease

factors and physiological factors as influenced by the

conditions of storage. Thus blanking in crops may arise

from fungal diseases such as dry rot (Fusarium caeruleum.

Lib) and skin spot (Oosnora pustulans. 0 & W) which may

develop on the seed tuber during storage and there has been

increasing interest in measures to control these diseases.

Interest has also grown in the effect of conditions

obtaining during the storage phase of the seed tuber on its

sprouting behaviour and subsequent plant development.

The potato tuber is highly responsive to storage factors

and its condition at the time of planting as regards weight
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losses sustained in storage, food reserves available for

further growth and stage of sprout development may vary

considerably according to the storage environment. The

introduction of storage techniques to give greater control

of temperature, recognised as the most important storage

factor, developments in sprouting techniques and the use of

sprout inhibiting chemicals all afford the opportunity to

determine this condition to a much greater extent, but more

detailed information is still required on storage factors

in their various combinations and in their ultimate effects.

To further this end, the present study has been carried out

to investigate the effects of variations in storage

temperature and the use of sprout inhibiting chemicals,

before sprouting at various times or planting direct, on

sprouting behaviour and plant development in the field.
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REVIEW OF LITERATURE

Potato tubers arise as swellings of the tips of under¬

ground creeping stems, or their branches, which develop from

the axils of the underground parts of the aerial stems. The

swellings are at first clavate shaped, becoming globular,

and then with further development gradually assume the

characteristic shape of the variety. Each tuber can be

regarded as a shoot structure modified for food storage and

capable of further growth from its meristems to form sprouts

under suitable conditions. The tuber shows all basic stem

morphology with the presence of a terminal bud and spirally

arranged lateral buds or eyes. The number of eyes may show

considerable variation even in the same variety. Each eye

of the potato tuber has a shrivelled scale leaf in the axil

of which are situated at least three buds (Hector 1936).

Rest and Dormant Period

Many authors consider that after harvest the tuber goes

through a period of rest (Appleman 1914, Wright and Peacock

1934, Emilsson 1949, Kawakami 1953). This rest period has

been defined as that period immediately following harvest

during which the potato tuber will not sprout even under

optimal environmental conditions for growth (Appleman 1914,

Wright and Peacock 1934, Emilsson 1949)» Appleman (1914)
considered the rest period to be determined largely by

internal factors and that certain changes in the chemical

composition of the tuber were necessary to allow bud activity
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to start. According to Madec and Perennec (1960a) the end

of the rest period is governed "by the chemical composition

of the tuber reserves, and the "seat of evolution" is not the

bud meristems but in the mother-tuber-reserves.

When conditions remain unfavourable for growth, the

tuber requires a longer period to sprout. This has been

termed the dormant period and defined as that period during

which the tuber may be stored at some temperature sub-optimal

for sprouting without beginning to sprout or break down

physiologically (Wright and Peacock 1934, Emilsson 1949)»

Thus the rest period has been looked upon as being controlled

by internal factors, whereas dormancy is dependent upon both

internal and external factors (Wright and Peacock 193U).

Not all investigatorts, however, accept the concept of

a true rest period in the potato tuber and there is divergence

of opinion with regard to the definition of terms. Burton

(1957a) has pointed out the difficulty in recognising the end

of the rest period since its actual completion may occur

some time before the growth of the sprout is noticeable due

to the slow rate of cell division. Earlier investigations

(¥/right and Peacock 1931+) had been concerned for the most

part with the end of the rest period as evidenced by visible

bud enlargement. Following detailed anatomical investiga¬

tions, however, Davidson (1958b) suggested that sprout

growth was continuous at the apical eyes of the tuber after

harvest, but was not visible to the naked eye due to the

slow growth of the buds. Rosa (1928) also described the
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development of Pud primordia during the rest period when the

storage temperature was sufficiently high.

Talcing into account the different views on the rest

period and dormancy, Burton (1957a) suggested that the

dormant period might be regarded as beginning when cell

division ceases during tuber enlargement (or perhaps when

stolon elongation ceases) and ending with resumption of

active bud growth under favourable conditions of storage.

Thus the dormant period after harvest is an undefined portion

of the true dormant period which is roughly the same for all

tubers, larger or smaller, in any one crop.

(X

Theories to Account for Breaking of Dormancy

Many theories have been propounded to explain the cause

of dormancy and its cessation. Burton (1957a) summarised

the different theories which have been postulated to account

for the cause of dormancy as follows:- (l) from a deficiency

of soluble carbohydrate (Muller Thurgan 1882); (2)

interruption in oxygen supply caused by suberization of the

skin (Appleman 1916); (3) high concentration of carbon

dioxide in the tuber (Kidd 1914); and (4) presence of an

acid growth inhibiting substance (Hemberg 1947, Hemberg 1949).
Cessation of dormancy has been associated with the increase

in glutathione in the tuber (Emilsson 1949). While attempts

have been made to correlate the breaking of dormancy with

some definite changes in the biochemical balance in the tuber,

investigations of the major constituents of the tuber have,

for the most part, given negative results. Thus no
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relationships have heen established between sprouting and

sugar content, the extent of protein hydrolysis (Appleman

i912+, 1916, Appleman and Miller 1926), the activity of

several enzymes (Appleman 1916, Appleman and Miller 1926) or

concentration of oxygen and carbon dioxide (Burton 1950,

1952a). The theory of the presence of acid growth inhibiting

substances (Hemberg "\Sh-l, 1949) to account for the control

of dormancy was criticised by Burton (1956a) on the grounds

that to assess a substance as a potato sprout inhibitor on

the basis of its effect on Avena coleoptiles as used by

Hemberg was unjustified, and that the effects of variety and

storage temperature upon growth promoting and growth inhibiting

substances in the potato do not necessarily bear any relation

to the effects of these variable factors on sprouting.

Burton (1952b) indicated that volatile metabolic

substances other than C02, such as ethylene, produced by the

potato prevent potato sprouting and may be related to the

dormancy of the potato tuber. It was subsequently suggested

that the rate of production of such volatile substances and

their concentration in solution in the cell sap throughout

the life of the tuber may be relevant to an explanation of

dormancy (Burton 1957a). Later, Burton (1958) considered

that there was a parallelism, and possibly a causal connec¬

tion, between the suppression or natural reduction of the

activity of a terminal oxidase system sensitive to changes

in oxygen tension (i.e. other than cytochrome oxidase) and

the occurrence of sprout growth. The link between the
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terminal oxidase system and dormancy could conceivably

result from the by-products of the system - the sprout

inhibiting volatiles mentioned above (Burton i960).
Notwithstanding the divergence in views relating to

principles underlying the rest and dormant periods of the

tuber, several factors are generally recognised from a

practical view-point to affect the time when visible

sprouting commences, viz. variety, maturity, temperature,

light, humidity of storage and growth regulating substances.

(a) Variety. Ophuis (1957) in the Netherlands reported

that the rest period, when tubers were held at a constant

temperature of about 20°0, varied from several weeks to

several months according to the variety. Burton (19^-8)

in reviewing with British varieties, indicated that earlies,

such as Arran Pilot and Ninetyfolod, were characterized by

a short period of dormancy while other varieties, such as

Golden Wonder and Arran Consul, were late to commence

sprouting even under quite favourable conditions for growth.

Sarliness in sprouting, however, is not necessarily related

to maturity class: some main crop varieties, such as Ulster

Grove, can behave very much like Arran Pilot in their time

of sprouting while some first earlies, such as Ulster Prince

and Graigs Alliance, often tend to be slow to start growth

(Owers i960). Prom field experiments Slomnicki (1961)

reported that varieties having a short dormant period

produced sprouts above ground earlier than those having a

long dormant period.
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(h) Maturity. Earlier development of sprouts has been
related to maturity of tubers. Thus Rosa (1928) found that

when tuber maturity was determined by time of lifting, the

average number of days required for the sprout to develop

was greatest in the sample harvested earliest and decreased

gradually with the period of harvesting, being shortest in

the sample dug at the latest date. Loomis (1927) and later

Emilsson (19^+9) reported that in any one sample small tubers

sprouted less readily than large ones and Loomis (1927)

suggested that this might be related to the immaturity of

small tubers.

(c) Temperature. The temperature of storage is accepted

to be the most important environmental factor affecting

sprouting behaviour. Ophuis (1957) reported that sprouting

was retarded with decreasing temperatures below 20°C (68°F)

and that sprouting could be suppressed for several months

(6-8 months) by storage at a suitably low temperature (h°G,
i.e. 39.2°P). This author further commented that the most

vigorously sprouting varieties remained dormant for three

months after harvest when they were successively stored at

13°0 (55.k°F), 10°C (50°P) and 6°C (U2.8°P) during these

three months. According to Jong (1961) at 35°F (2°C)
tubers would wither after a period of two to three years

without ever having sprouted.

The effect of storage temperature upon sprout growth is,

however, at least twofold, direct by influencing the rate of

cell division and enlargement, and indirect by its influence
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upon the composition of the substrate (i.e. the tuber)
from which the sprouts grow. Both effects are complex.

For example, the content of sugar, growth inhibiting and

growth promoting substances, and the activity of different

enzymes in the tuber are all subject to variation and it is

therefore quite possible that storage at a temperature

unfavourable to sprout growth may so alter the tuber that

on subsequent transfer to a favourable temperature sprouting

would be accelerated above that of tubers stored continuously

under favourable conditions. Thus, greatly fluctuating the

temperature of storage tends to break dormancy. In this

connection, Snell (1932) reported that the rest period can

be shortened by storage for eight days at 86°-89°F

(30°-32°C); eight days at 33°-35°F (10-2°0) and finally

another eight days at 86°-89°F (30°-32°G). However,

varieties may differ in their response to fluctuation of

temperature of storage. Sehippers (1955) reported that in

the variety Alpha (a slow sprouting variety) the period of

dormancy could be shortened by fluctuating the temperature

with alternate days at 35.6°F (2°C) and 68°F (20°C), or

86°F (30°C), for three weeks after harvest and then at 68°F

(20°G) constant. In Vora (a rapidly sprouting variety) the

period of dormancy was shorter when the tubers were stored

at 35.6°F (2°0) for three weeks and then at 68°F (20°G) or

at 68°F (20°0) constant from the time of harvest.

(d) Light and Humidity. Light and humidity of storage have
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also been reported to affect the time when sprouting starts,

although the evidence is limited. Appleman (19*1 -U) reported

that subdued light hastened the initiation of sprout growth

on new tubers with slightly suberized skins, whereas the

beginning of sprouting in mature tubers exposed to light was

retarded. Emilsson (19^4-9) found that tubers sprouted

earlier during storage at high humidity than at low humidity.

Considering the effects of temperature, light and humidity

upon the commencement of sprouting, Davidson (1958b)

observed that temperature played the most important role in

controlling the length of the period from harvest to the

point of minimal visible sprouting (2 mm.) while light had

no effect and humidity had some little effect at lower

temperature.

(e) Growth Regulating Substances. The rest period can be

shortened by various chemical treatments and such substances

as ethylbromide vapour, hydrogen peroxide, methyl disulphide,

ethylene chlorohydrin, hydrogen sulphide and gluthathione

applied to lifted tubers have been found to stimulate

sprouting (Burton 1957a). This stimulation is important

in countries where more than one crop is taken in succession,

where freshly harvested tubers are imported for immediate

planting or in cases where early plant growth from a sample

of tubers would assist disease assessment for certification

purposes. Amongst all of these chemicals ethylene chloro¬

hydrin treatment has probably proved the most effective

means of stimulating sprouting in practice.
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On the other hand, many chemicals with growth

inhibiting properties are known to prolong the dormant

period and of these several have been developed commercially

to suppress sprouting in storage, notably (a) Tetrachloro-

nitrobenzane (T.C.N.B.), (b) Methyl alphanapthylacetate

(M.A.N.A.), (c) Isopropylphenylcarbamate (I.P.P.G.), (d)

Maleic hydrazide (M.H.) /Perlasca 1956/, (e) Nonyl alcohol

(Nonanol) /Burton 1956b/.
The first three of these are all volatile compounds

which are usually applied to the harvested tubers in the

form of dusts and exert their effect in the vapour phase.

In Britain, T.O.N.B. is the only sprout suppressant dust to

have been used on a relatively wide scale in practice. This

might be related in part to its fungicidal properties

providing control of dry rot, and also to the fact that it

can be used on seed potatoes. The effect of suppression

disappears as soon as the active principle is removed from

the treated tubers and the sprouts which have been retarded

in growth by the dust will then begin to grow at the same

rate as untreated sprouts. The reduction in sprout growth

is greater the lower the temperature of storage and the

earlier the application of the dust (Brown and Reavill 1954)«

M.A.N.A., which has been used extensively in the U.S.A.,

has never developed beyond the experimental stage in this

country, being considered uneconomical in practice (Wilson
and McKee 1948). It is, moreover, not suitable for seed

potatoes (Perlasca 1956).
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I.P.P.O. is also unsuitable for seed potatoes due to

its adverse effect on subsequent sprouting (Downic 1952,

Mattingley and Downic 1953» Nuttsch 1958 and 1959)« Although

I.P.P.O. and its derivatives are used in some continental

countries, its use in this country has been limited: one

disadvantage to its use is that it inhibits cork cambium

activity in the tuber and may aggravate certain skin diseases

such as skin spot (Ives 1955).

Foliar applications of Maleic hydrazide to the growing

crop are used extensively in the U.S.A. to suppress sub¬

sequent sprouting of tubers (Perlasca 1956), but this

chemical has not been used on a commercial scale in this

country. In Britain, Burton (1956c) suggested that the use

of Maleic hydrazide is not ideal from the growers point of

view, in that the time of application is fairly critical,

the yield and quality may be affected, and the weather after

spraying influences the effectiveness of treatment. More¬

over, it cannot be used on crops for seed production

(Perlasca 1956).

Nonyl alcohol is applied as a vapour to potatoes in

store, but again it is suspect for seed tubers due to its

toxic effect on developing sprout tissue (Twiss 1960).
Twiss (i960), however, has suggested the possibilities of

amyl alcohol which is apparently less toxic to sprouts, but

so far there is no positive evidence on the practical use of

this compound for seed potatoes.
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Number of Sprouts per Tuber

A tuber has many eyes and each eye is capable of

producing one or more sprouts. The actual number of

sprouts which does develop, however, is found to depend on

a number of factors including (a) age, (b) variety, (c) seed

size, and (d) previous removal of sprouts.

(a) Age. After passing through its rest period, and under

favourable conditions for growth, the tuber tends to produce

a single sprout from the apical eye only with a suppression

of sprout growth from other eyes.. This stage is called the

apical dominant phase or single sprouting stage (Appleman

1925, Kawakami 1953» Toosey 1959)« Where there is a delay

in sprouting, the number of sprouts increases with the age

of the tuber. Kawakami (1953) considered that most potato

varieties in Japan arrive at their one sprouting stage three

months after harvest; in 4-5 months they have reached the

two sprouting stage and after about 6-7 months they are in

their 3-4 sprouting stage.

Delay in the time of sprouting may be affected by low

temperature storage or by chemical methods of sprout

suppression. Thus seed potatoes placed out to sprout in

light at high temperature, stored previously at low tem¬

perature, showed a loss of apical dominance and thereby an

increase in degree of multiple sprouting (Bushnell 1929,

Hiele 1961). Toosey (1959) also reported that when

sprouting was delayed until late winter the seed potatoes

passed to the multiple sprouting phase and produced several
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sprouts per set. Growth regulating substances used either

for the interruption or prolonging of dormancy frequently

increase the number of sprouts. This has been observed

after the application of Giberellic acid and Maleic hydrazide

(Hiele 1961); Thiourea (Woodbury 1938, Hiele 1961); T.C.N.B.

(Brown and Reavill 1954, Hiele 1961).
The number of sprouts per tuber may also be influenced

by maturity. Mature tubers have been found to produce more

sprouts than immature tubers when the difference in maturity

is due to the time of planting the preceding season

(Bushnell 1929).

(b) Variety. Varietal differences in the number of sprouts

formed per tuber have been observed but may also be related

to the time of sprouting. Toosey (1959) reported that

Stormont 480 (a vigorous sprouting variety) formed more or

less the same number of sprouts as King Edward when they

were sprouted during early autumn, but delay in sprouting

resulted in a greater number of sprouts in Stormont 480

compared with King Edward.

(c) Seed Size. The size of the potato tuber is also an

important factor influencing the number of sprouts (Appleman

1918) and several workers have shown that the number of

sprouts per tuber increased with an increase in seed size

(Aieher 1920, Bushnell 1929, Bates 1935, Toosey 1959).

(d) Previous Removal of Sprouts. If the first formed
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sprouts are removed or for any reason retarded in their

normal growth, sprouts will appear from other eyes of the

tuber. Similar behaviour is also found within an eye when

an eye represents a collection of several buds and thus

when the dominant sprout in an eye is destroyed or retarded

in growth other buds in the eye become active (Appleman

1918, 1925). Several authors have indicated that the

removal of sprouts resulted in a loss of apical dominance

and that the number of sprouts subsequently formed was

greater than that of comparable tubers where the first

formed sprouts had remained intact (Bushnell 1929, Toosey

1959, Hiele 1961).

Sprout Growth

The growth curve of sprouts under a given environment

follows a classic sigmoid pattern where the criterian is

taken as either length or weight (Madec and Perennec 1960a).

Following the commencement of visible bud enlargement at the

eyes, however, th.6 subsequent growth of the sprouts may show

considerable variation according to variety, tuber age, seed

size and the environmental conditions of storage,

particularly temperature and light.

(a) Variety. As the time when visible sprouting starts

depends upon variety, so the growth rate of sprouts also

depends on variety. Varietal differences in rate of sprout

growth have been indicated by Burton (1957a): such

varieties as Home Guard and Craig's Defiance, which sprout
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soon after harvest, exhibit a very rapid rate of growth,

whereas Arran Consul and Golden Wonder have a slow rate of

sprout growth. The rates of sprout growth of most

commercial varieties in Britain fall between that of Arran

Consul on the one hand and Home Guard or Craig's Defiance

on the other. Earliness in sprouting or faster rate of

growth of sprout, however, is not necessarily related to

maturity class. Isleib and Thomson (1959) reported that

an early variety, Tawa, exhibited a slow rate of sprout

growth, whereas Saco, a late variety, showed a quicker rate

of growth.

(b) Age. Prom the time of lifting onwards to a certain

stage the "Germinating power" of the potato tuber (as

measured by the weight of sprouts produced during a period

of four weeks at a constant temperature at 20°C, i.e. 68°P,
following previous storage at 2°C, i.e. 35.6°F) has been

shown to increase with age and reaches its maximum about

12 months after lifting (Krijthe 1958). After some twelve

months, the germinating power was found to decrease, although

the tubers had not suffered from loss of sprouts.

Burton (1952c) reported that the weight of sprouts

produced by non-dormant Majestic tubers (stored at 5°C, i.e.
i+1°P, from October to February) after 73 days at 10°C (50°P)
was six times as great as that produced after 105 days at the

same temperature by tubers initially dormant (sprouted in

October). Burton's observation may again be related to age

where the ability to produce sprouts by a tuber increases
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with the age.

(c) Size of Seed Tuber. Vigour of sprout growth also

depends upon the size of tuber or, in other words, upon the

amount of tissue surrounding the growing bud. Headford

(1962) reported that growth in dry weight of sprouts from

tuber pieces was directly proportional to the size of the

attached tuber pi6ce (varied from 1 to 61+ gm.). These

results were further supported by another experiment by the

same author in which the number of sprouts (1, 2 or 1+) from

tubers of a constant size (80 gm.) was varied and it was

found that the weight achieved by individual sprouts was

inversely proportional to the number developed. Headford

(1962) suggested that nitrogen might be the component of

the tuber substrate limiting growth of sprouts and there was

a positive correlation between sprout size and percentage

total nitrogen. Appleman (1918) also has indicated that

if seed size fell below a certain minimum weight, the sprout

became weaker as the size of the piece decreased.

(d) Temperature. The temperature of storage is the most

important environmental factor affecting the growth of

sprouts. Barker (1937) reported increases in the rate of

sprout growth occurred by increasing the temperature of

storage from 5°C (1+1 °F) to 15°C (59°F) but above that the

increase was less marked. From the results of field

experiments, Isleib and Thomson (1959) suggested that at

1+6°F (7.7°C) the growth of sprouts and roots was very slow
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and an increase in temperature to 60°F (15.5°G) resulted in

increases in growth of sprouts and roots. The author

considered i+8°-50oF (8.8°-10°G) to he a critical growth

temperature for excellent sprouting and reasonable root

growth for potato seed.

Recently Headford (i960 and 1962) reported that in King

Edward and Arran Pilot5increase in temperature of storage

from U° to 25°C (39.2° to 77°F) resulted in an increase in

the rate of sprout growth and further increase in temperature

to30°C (86°F) caused a decrease in the growth rate due to

the death of sprout apex. The growing points also died

after some months storage at 20°G (68°F) and at 25°G (77°F),
and as a result the longest sprouts were finally produced

at 15°G (59°F). Headford (1960 and 1962) further

considered that different varieties may vary somewhat in

their growth response at different temperatures. However,

the broad picture of rate of sprout growth at a constant

temperature is the same and when the tubers are transferred

from a low to a high temperature, or vice versa, the growth

rate typical of that temperature is immediately assumed.

Working with the varieties Arran Pilot, King Edward and

Majestic, Owers (i960) observed that with variations in the

temperature of storage3ranging 2+5°F (7.2°0) to 75°F (23.9°C),
with fluorescent strip lighting, there was a marked difference

in growth response between different varieties. While King

Edward and Majestic showed some slight increase in sprout

length at planting time with increases in temperature from
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U5°F (7.2°c) to 55°F (12.8°0) and 65°F (18.3°C), Arran Pilot

showed extreme lengthening at the higher temperatures, the

maximum length being attained at 55°P (12.8°C). Sprout

length decreased with further increase in temperature to

75°P (23.9°C) in all varieties. Similar results have also

been reported by Shotton (196*1) •

(e) Light. In addition to temperature of storage light

also plays an important role in its effect on the sprouting

behaviour of potato tubers. It is well known that sprouts

grown in light are shorter and sturdier than those grown in

darkness and that they develop chlorophyll. Intensive work

by Wassink etal (1950a and 1950b) has indicated that light

suppresses the growth in length of sprouts whereas darkness

encourages it.

Headford (1962) reported that in King Edward light

intensity within the range 1.07 to 28.8 cal/cm2/day visible

radiation and day lengths of 8, 16 and 214 hours had only

slight effects on sprout growth during six months storage

at 13°0. Although sprout length increased with decrease in

total daily radiation and length of day, the minimum levels

of both variables (1.07 cal/cm^/day and 8 hours) were

sufficient to prevent excessive etiolation.

Owers (i960) and later Shotton (1961) did not find any

significant effect on the growth of sprouts in Arran Pilot,

King Edward and Majestic sprouted in light (fluorescent

tube) due to variations in day length ranging from 6 to 2i+

hours.
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Following studies on the combined effects of light and

humidity, Davidson (1958b) considered temperature and light

are most important after visible sprouting began in

controlling sprout growth. In the range of temperature

from U5°F (7.2°C) to 65°F (18.3°0) light was stated to play

the most important role, etiolation occurring in darkness.

At high temperature (85°F, i.e. 29.i|°0) sprout growth is

mainly independent of light and humidity and is

characterising by rapid initial growth followed by thickening

to give a robust thick sprout. At low temperature (35°F,

i.e. 1.7°C) sprout growth is slow and light access and

humidity have for all practical purposes only a slight

effect to the end of the normal storage period.

(fiHuniiditv. The humidity of the storage atmosphere may

affect the rate of sprout growth, particularly when this is

well advanced, and also the form of the sprouts, i.e. the

degree of branching or of production of adventitious roots.

Davidson (1958b) reported that high humidity (95$ R.H.) in

darkness at high temperature (80°F, i.e. 26.7°0) promoted

growth and branching of sprouts in the variety Epicure in

the latter part of the storage period (after seven months)

whereas the growth and branching of sprouts in low humidity

(40$ R.H.) in darkness or high humidity (95$ R.H.) in light

at the same temperature was very restricted.

Sprout Developments

With respect to developmental changes, Madec and
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Perennec (1960a) have observed that the potato sprout may-

pass through all stages of development, such as tuberisation,

flowering and maturity, while only depending on the tuber

reserves for its nutrition. Making particular reference to

the tuberisation of sprouts, the authors considered that the

rate of development was strongly influenced by environment,

being hastened by humidity, heat and darkness, at least

after the beginning of sprouting, while in the same environ¬

ment sprouts of the oldest tubers were the first to develop

tubers. Prom eye grafting and excision experiments, it was

shown that the "seat of evolution" lay in the mother tuber

tissues and that qualitative changes in these tissues

affecting physiological development were independent of

sprouting and took place at the sam6 rate where sprouting

had been artificially inhibited by chemicals, as in freely

sprouting tubers. Moreover, desprouting did not suppress

this development. The factor inducing tuberisation was

associated with chemical changes in the tuber reserves and

its formation was stated to be hastened by high temperature

and delayed, but not inhibited, by low temperature.

Summarising the position, three stages in the physiological

evolution of the tuber reserves were distinguished: a

phase of non-growth of sprouts extending from time of tuber

initiation on the mother plant to the end of rest period;

a phase where sprout growth was possible; a phase of non-

growth of sprouts and of the growth of the daughter tuber

which lasted until the exhaustion of the mother tuber. In
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the case of plant growth in the field, it was considered

(Madec and Perennec 1960b) that where temperature and photo-

period were unfavourable for tuber induction by the foliage,

the influence of the mother tuber on tuberisation might be

considerable.

Joseph (1961) has indicated that the physiological and

histological evolution of the seed tuber and of the sprouts

may be influenced by factors operating in the production of

the tuber as well as in storage. According to Went (1959)

potatoes grown at a low temperature are rich in tuber

forming substances and produce more and heavier potatoes

than those grown at high temperatures.

Plant Growth and Development in the Field

In the foregoing discussion the behaviour of the potato

tuber during storage has been described. Being a living

organ the tuber is highly responsive to environmental

factors during storage and these may determine to a large

extent its viability and productive potential when planted.

Thus subsequent growth and development (with respect to

plant emergence, the number of stems developed, time of

tuber initiation, the number of tubers formed and their rate

of bulking and the final yield and grading of the crop) is

influenced by the degree of sprout development of the seed

tuber and the tuber reserves available at the time of

planting (as determined by variety, the size of the seed

tubers, age and storage environment).
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The importance of reserve substrate from the mother

tuber during the early phase of leaf and root development of

the plant has been indicated by Headford (1962). In a

nutrient culture experiment tubers lost 33% of their initial

dry weight after 20 days and of this loss only was due

to respiration, the remaining 89% being translocated for

plant growth. Although plants attained a leaf area of

287 cm2, photosynthesis accounted for only 7% of the total

gain in dry weight, translocation from the tuber accounting

for 93%' It was previously shown by Denny (1929) that the

amputation of the parent tuber at varying stages of the

growth of the potato plant reduced the yield if amputation

took place before the shoots were 10" high.

The amount of available substrate is determined

primarily by tuber size. Thus Werner (1919) found that the

rate of plant emergence was greatly influenced by the size

of the seed piece and the larger the s6ed piece the earlier

was the emergence. It was considered by many authors

(Appleman 1918, Aicher 1920, Salaman 1921, 1922 and 1923,

Filimanov and Rustshkina 1934, Chucka etal 1945, Hiele and

Vervelde 1954) that within certain limits, and if all other

conditions were the same, the rate of growth of the potato

plant and the yield of tubers increased directly with the

weight of the seed tuber. One suggestion offered was that

the amount of food material in the parent tuber was an

influencing factor} in that the larger the seed tuber the

greater the initial food supply to the growing plant
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(Salaman 1923).
The number of stems developed is also influenced by the

size of the seed tuber, the larger the seed size the greater

the number of stems per hill (Aicher 1920, Bates 1935,

Chucka etal 19*+5, Toosey 1960). As the number of tubers

produced is directly related to the number of stems per hill,

there is in general an inverse ratio between the size of the

seed set and the percentage of large ware in the resulting

crop (Werner 1919, Aicher 1920, Glark 1921, Salaman 1921,

1922, 1923> Bates 1935, Toosey i960). The restriction in

tuber size may be attributed to the greater competition for

available food supplies. Bates (1935) considered that the

size of seed influenced yield and grade of produce in that

it controlled the number of true plants in the hill and

thereby controlled intensity of competition. According to

the author, higher yield of large seed was due to a greater

number of stems or plants which gave rise to a larger number

of tubers.

Recently Toosey (i960) considered that the size of seed

exerted a twofold influence on the growth of the potato

plant. Firstly, plants from large seed benefited from a

higher plane of early nutrition, were more vigorous, of

superior size and tended to produce more secondary stems,

the latter mainly from seed with a single sprout. Secondly,

when multiple sprouted or unsprouted sets were planted, the

large seed produced a greater number of plants per hill,

which to some extent offset the better food supply. The
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twofold effect of an increase in seed size was again

apparent in the grading of the produce. When sets with

only a single sprout were planted, the use of large seed

increased the size of the tubers. On the other hand, when

multiple sprouted sets were planted, this effect was partly

offset by the greater number of sprouts, giving rise to a

greater number of plants, produced by the large seed. The

author further considered that the size of the seed itself,

regardless of the number of plants formed per hill, could

influence the total number of tubers that were set.

With regard to the age of the seed tuber, the time of

lifting of potato tubers in Britain varies according to the

season and locality, but most crops are secured between the

middle of September and the first week in November. March

is the normal month for beginning planting main crops in the

U.K. and it is usually finished by April. In most years,

however, up to 10%> of the area (mainly in the north of

Sngland and Scotland) is not planted until May (Dadd i960).

Thus the normal period of storage of seed potatoes before

planting ranges from five to seven months, taking into

account season and locality. It has been shown by Dyke

(1956) that under British conditions some loss of yield

with main crops is to be expected if planting is later than

about 11th April: on the basis of Dyke's figures the

potential loss in yield can amount to 0.4 tons per acre per

week. This reduction may be attributed to a curtailment

in the effective growing period of the plant and the actual
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age of the tuber has not been considered as an important

factor in crop production.

In other countries, however, where the age of the tuher

at the time of planting may show considerable variation,

importance has been attached to physiological degeneration

of seed tubers. Kawakami (1962) stated that the optimum

age of the seed tuber was about 4-6 months. Physiological

degeneration occurred in areas in which it was difficult to

produce home grown seed of this age. The author has

distinguished two types of physiological degeneration, viz.

(a) juvenile degeneration which occurred before the optimum

age was reached as a result of unsatisfactory sprouting

related to dormancy, and (b) senile degeneration that

occurred after the optimum age. According to this author,

long periods of storage (e.g. 9 months) affected productivity

and showed 37% reduction in yield. To this was added the

effect of the increased number of stems per hill and under

the usual conditions of cultivation productivity would fall

by 60%.

In comparing spring grown potatoes held at 40°F (4.4°0)
for nine months and fall grown potatoes at 70°F (21.1°G) for

three months before planting, it was found by Miller (1936)
that seed tubers subjected to a long period of storage (nine

months) emerged and matured more rapidly than those subjected

to a short period (three months). Seed tubers in the former

ease produced a larger number of stems and a greater yield

of tubers of small size.



27

Within the storage period temperature and light may he

considered the most important environmental factors

determining the cropping potential of the seed tuber.

Benefits from varying periods of exposure of seed

tubers to temperatures above i|.0oF (l±.i).°G) have been noted

by several workers. Peacock and Wright (1927) and Stuart

and Lombard (1929) reported that dormant tubers held at

high temperature (50°F, i.e. 10°0, to 70°F, i.e. 21.1°0)
for a short period before planting germinated better and

produced larger and more vigorous stems with greater yields

than those held throughout the storage period at low

temperature (32°F, i.e. 0°C). According to Jehel and

Heuberger (193^4-) seed tubers (var. Irish Cobbler) stored at

low temperature (400F, i.e. .1|.0G) until January or February

and then at high temperature (65°F, i.e. 18.3°C) until

planting, showed earlier emergence and faster plant growth

followed by higher yield in comparison to those stored at

UO°F (l+.tj.0C) throughout the storage period.

With regard to the period of storage at higher

temperature before planting, Warner (19U9) suggested that

continuation of initial warm storage (65°F, i.e. 18.3°C)

until the rest period was almost completed followed by

storage at low temperature (40°F, i.e. 4.U°C) delayed plant

emergence in Triumph seed potatoes, whereas plant emergence

was very rapid when initial warm storage was continued

beyond the completion of the rest period. In this instance

size of the plant throughout the growing period and yield
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were generally proportional to the rate of plant emergence.

Hartman (1934) and later Warner (1949) reported that

when a constant storage temperature was used, plant

emergence was more rapid and uniform with seed potatoes

that had been stored in warm temperature (50°F, i.e. 10°G,

to 60°P, i.e. 15.5°C) than those held at low temperature

(32°F, i.e. 0°G, to 40°F, i.e. 4.4°G) again the size of the

plant and the yield were found to he related to the rate of

emergence.

The optimum storage temperature may, however, vary

with variety. Thus Fischnich (1954) considered that German

varieties fall into three classes according to their

response to storage temperature. To the first class belong

the varieties responding best at 4°C (39»2°F); to the

second class those responding best at 7°G (44.6°F) and the

third class is relatively insensitive to these storage

temperatures. The author further commented that

fluctuating the temperature (7°-4°-1°-40-7°C) during winter

storage proved favourable to the seeds of most German

varieties ani to the plants derived from them than those

stored throughout at low temperature (1°G, i.e. 33»8°F)

medium (4°C, i.e. 39.2°P, to 7°G, i.e. 44.6°F) or high

temperature (12°G, i.e. 53.6°F).
While storage at higher temperatures may give more

rapid plant development, Davidson (1958b) has indicated that

final yield at maturity may be impaired. Thus plants grown

from tubers stored at 80°P (26.7°C) emerged on the average
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fourteen days before those stored at concurrent air

temperature (50°F, i.e. 10°0) and the latter emerged eight

days before those stored at 35°F (1.7°C). Vigour of

plants until eleven weeks after planting was related to

time of emergence. Warmer storage also gave earlier

tuberisation but plants matured earlier and where foliage

was unimpeded by frost final yields were lower than those

for cooler stored tubers.

The beneficial effects of storage at higher temperature

may be related to the simulation of bud activity promoting

the formation of sprouts before planting.

In practice, however, excessively long sprouts at the

time of planting are undesirable in that they are easily

damaged: sprout length is normally controlled by exposing

the seed tuber to light at moderate temperature (ti.7°F, i.e.

8.3°0, to 5U°F, i.e. 12.2°0).

The main benefits derived from the use of sprouted seed

potatoes are related to the earlier emergence and tuberisa¬

tion induced by the sprouting treatment and resultant

earlier bulking of the crop and possibly a greater final

yield (Appleman 1918, Hanian 1929, Hardenburgh 1928 and

1935, Filimanov and Rutshkina 193k, McCubbin 19^+1, Eastman

and Libby 19^8, Toosey i960). Although there may be no

advantage in final yield from sprouted seed where plants are

allowed to reach full natural maturity, the earlier yielding

capacity is an obvious advantage for early ware production

where the crop is harvested before full maturity. Moreover,
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by bringing forward the effective growing period of the

crop, sprouting can be of more general benefit in reducing

losses in potential yield caused by premature defoliation

due to blight or other factors or by delay in planting. In

late varieties frost may also cause the foliage to die down

before the plant reaches natural maturity and increased

yields due to the use of sprouted seed tubers have been

especially evident in late varieties and in late districts

(Whitehead etal 1953)•

It is possible that the potential gains from sprouting

may be lost where adverse conditions such as periods of

frost or drought occur at critical times in the development

of the earlier growth.

The importance of the various conditions of storage are

principally through their effects on the size of sprouts

developed at the time of planting. Thus maximum benefit

can be achieved from sprouted seed tubers having sprout

lengths 5 mm. to 15 mm. long (Appleman 1918, Hiele and

Vervelde 1954, Headford 1960 and 1962). According to

Headford (1960 and 1962) emergence of plants and tuber

initiation is earlier with increased length of sprout at

planting time up to 15 mm. and longer sprouts than this give

no further response.

Headford (1962) reported that there was no significant

difference in the time to emergence and the initiation of

tubers with both Arran Pilot (an early variety) and King

Edward (a main crop variety) provided that sprouts were of



31

the same length. Working with the variety King Edward,

having sprout lengths of 0.2, 2 and 5 cm., Headford (1962)
found that the time of emergence was reduced with increase

in sprout size. Tuber initiation, however, was most rapid

from sprouts of intermediate size and the relative rates of

dry weight accumulation and leaf expansion during the early

period of growth decreased with increase in sprout size.

This result was further supported by observation from a

field experiment, where a greater weight of haulm was

produced from unsprouted seed compared with sprouted tubers.

It has been mentioned in the previous discussion that

within a temperature range of i|-50F (7«2°C) to 65°F (12.7°C)

light plays an important role in determining the growth of

sprouts (Davidson 1958b). According to the early work of

Krijthe (19^+7) for early cropping it was considered

satisfactory to store seed potatoes during the entire period

at 9°0 (i+8°P) with light or at 5°G (U1°P) followed by 13°-

17°G (55°-62°P) with light for three weeks before planting

to promote the growth of sprouts. Later, during 19^8,

Krijthe opposed her previous views and reported that at 5°G

(i+l °P) and 9°G (2+8°P) the growth of sprouts was more

vigorous in darkness and dark storage gave an earlier harvest

than light storage. At 13°-17°C (55-U°P - 62.6°P) the

yield was greater from storage in light.

The relative merits of exposure to light or darkness

would therefore appear to be determined by the temperature.

Under practical conditions, where difficulties are
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experienced in maintaining sufficiently low temperature to

prevent excessive sprout growth, exposure to light is

generally desirable. With low temperature storage,

however, darkness may he beneficial for the promotion of

sprout growth which, in this case, would be slow. Thus

Tizio etal (195U) reported that seed potatoes stored at 7°0

(kk°F) in darkness gave a significantly higher yield than

that for tubers stored in light at the same temperature.

Headford (1962) has shown that the differences in

sprout growth after two months of storage at varying

intensities of light in the range 1.07 to 28.8 cal/cm2/day
visible radiation and at day lengths varied from 8, 16 and

2k hours were insufficient to affect subsequent development

and yield of the plant. While the temperature of storage

of tubers exposed to fluorescent strip lighting., in the

temperature range U5°F (7.2°C) to 75 °P (23.9°0)3has been

shown to exert an influence on sprout length at planting

time with marked varietal differences in response, Owers

(i960) reported that yield differences for all temperature

treatments were very small and it was inferred that from a

practical viewpoint the temperature should be kept within the

range 245°^ (7.2°0) to 50°F (10°0).
The optimum period of sprouting has been shown to vary

for different varieties according to their vigour of sprout

growth. Thus Owers (i960) suggested that the slow sprouting

varieties, such as Majestic and King Edward, needed a longer

period of sprouting than a variety such as Arran Pilot which
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is noted for its rapidity of sprout growth. In the case

of Arran Pilot, shortening the period of sprouting to 5-6
weeks hastened early plant emergence followed by early

tuberisation and greater yield as compared to those held for

a long period (7-8 weeks) at 50°F (10°C), whereas Majestic

and King Edward (slow sprouting) responded more favourably

when seed tubers were sprouted for the long period (7-8

weeks). According to the author, the time of sprouting of

a particular variety should be based on its characteristic

sprout growth rate. The greater the rate the longer should

the start of sprouting be delayed.

Grikhestik (19U1) reported that sprouting seed potatoes

of early, medium and late varieties for 5-6 weeks in light

at 12°0 (53-6°P) to 18°C (6Z+ .2+°p) before planting resulted

in earlier bulking and higher yield than from unsprouted

seed tubers, and this effect was marked in the case of late

varieties. It seemed that when the temperature of storage

was high, the late variety showed beneficial effects of

sprouting even when they were sprouted for 5-6 weeks, whereas

this effect was less marked in the case of early varieties,

probably due to excessive sprouting.

When sprouted seed tubers are planted, the broad

picture of plant development is that the number of plants,

or mainstems, and tubers per hill increases with increase in

sprout number and reaches a maximum when seed with multiple

sprouts is planted. In contrast both vegetative develop¬

ment and tuber production of the individual plants are
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increasingly restricted as plant density within the hill

rises. The single plant from seed with one sprout shows a

higher degree of branching and secondary stem development

with vigorous tuber production. On the other hand, the

plants from multiple sprouted seed show a much lower degree

of development and produce many small sized tubers. The

effect of sprouting treatment is substantially modified by

the variety. Varieties differ greatly in the number of

sprouts that become active and in the number of plants and

tubers that they produce. At one extreme, Majestic

produces relatively few plants and tubers from multiple

sprouted seed, and at the other extreme Stormont i+80 produces

an excessive number of plants and tubers per hill from

multiple sprouted seed (Toosey 1960). Clark (1921) has

also shown that there are marked differences between

varieties in the number of plants, in the numbers of tubers

per plant and therefore the number of tubers per hill.

The relationship of the number of sprouts per set and

the number of plants or stems per hill has been explained

by Bates (1935). He states "Each seed tuber normally gives

rise to several sprouts which reach maturity, but it is not

generally realised that the shoot into which the sprout

develops must in time become an individual plant having

independent existence".

Apart from varietal differences in stem and tuber

formation per hill, period of sprouting in light before

planting also plays an important role in stem and tuber
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formation. Thus Hardenburgh (1935) reported that in Green

Mountain and White Rural varieties the number of stems as

well as the number of tubers per hill decreased as the

period of sprouting was increased from two to six weeks at

50°F (10°C). The effect was explained by the fact that

the earlier the seed tubers were taken from storage, the

more marked was the character of apical dominance.

Recently Toosey (1962) has shown that delay in sprouting

in light at 54°F (12.2°G) to 65°F (12.7°G) caused an increase

in sprout number followed by increased number of stems and

tubers per acre in King Edward. The yield of large sized

tubers (21-"-3" and over 3") was inversely proportional to

stem number, whilst yield of small sized tubers (lf"-2|-" and

if") varied directly with stem number. Moreover, total

yield was greater from early sprouted (December) seed than

from seed sprouted during February.

When comparing stem numbers produced from sprouted and

unsprouted seed, Bushnell (1929), working with Russet Rural

variety, found that sprouting before planting increased the

number of stems under field condition above that of

unsprouted seed. A similar result was also obtained by

McGubbin (19I4.I) who observed that sprouted tubers produced

a greater number of stems and tubers than unsprouted seed.

Other workers, however, have found that sprouted seed gave

fewer stems than unsprouted tubers. Hartman (1934)
showed that tubers stored at 50°F produced a smaller number

of stems per hill than unsprouted seed (stored at 32°F,
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35°F and i+0°P). Both total yield and yield of large sized

tubers was greater from seed tubers sprouted at 50°P than

those from unsprouted seed. Working with the varieties

Green Mountain and White Rural, Hardenburgh (1935) reported

that sprouting seed before planting (2-6 weeks at 50°P)
resulted in a significantly smaller number of stems compared

with unsprouted seed. Sprouting before planting, however,

caused an increase in the number and weight of stolons,

number of tubers per stem and yield of marketable-sized

tubers.

The divergences in the results of these earlier workers

with respect to stem numbers may be related to possible

differences in the number of sprouts developed on sprouted

tubers. More recently, Toosey (1962) has reported that

unsprouted seed tubers formed a larger number of stems per

acre than early sprouted seed (December) having one sprout

per tuber and a smaller number of stems than late sprouted

seed (February) having four sprouts per set. Both the

number and total yield of tubers was greater in both early

and late sprouted seed than in unsprouted. Early sprouted

seed, however, formed a greater amount of ware sized tubers

(lf"-3") than unsprouted, whereas late sprouted seed gave

rise to a smaller amount of ware than unsprouted seed.

The effects of removing sprouts, or of sprout loss,

have been investigated by various workers. Removal of

sprouts ? to 1 inch long (McCubbin 19Ul) and removal of

sprouts from seed tubers that had been sprouted for 1+-6
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weeks before planting (Filimanov and Rutshkina 193U) was

found to cause delayed plant emergence followed by slow

plant development, tuberisation and rate of bulking in the

first half of the growing season when compared with those

planted with sprouts intact, although the final yield

showed no difference. Appleman (1925) and McOubbin (19U1)

observed that desprouted seed tubers produced a greater

number of stems, and also tubers, than sprouted seed which

they attributed to the effect of desprouting on apical

dominance. Toosey (19&2) has also shown that desprouted

seed formed larger numbers of stems per acre than sprouted

seed (sprouted in December and February); however, the

number and yield of tubers per acre was greater in the latter

case. December sprouted (single sprouted) seed gave rise

to a larger proportion of ware (1^"—3") than those desprouted

but the latter produced a greater amount of ware than

February sprouted (multiple sprouted) seed.

It may be noted from the results of Toosey (1962) that

in spite of having a larger number of stems per hill the

desprouted or unsprouted seed did not give rise to a greater

number of tubers compared with sprouted seed. In this

connection, account may be taken of a previous observation

(Toosey i960) that the single plant from seed with one

sprout shows a higher degree of branching with more vigorous

tuber production than those from tubers with multiple

sprouts. It would thus seem that underground branches

from the main stem in sprouted seed may play an important
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role in the formation of tubers. Another factor to be

considered is the number of underground nodes developed.

A larger number of nodes would result in sprouts developed

in light from sprouted seed giving rise to a larger number

of stolons and tubers: in unsprouted or desprouted seed

the formation of underground nodes on the stems would be

restricted due to etiolation in growth in the soil. Thus

Hardenburgh (1935) reported that the sprouted tuber gave

rise to a larger number and weight of stolons and also a

larger number of tubers per plant than unsprouted seed.

According to Hiele (1961) etiolated sprouts form fewer sub¬

terranean internodes, stolons and tubers than sprouts

formed in the light.

In considering the effect of removal of sprouts before

planting McGubbin (19I4.1) showed that desprouted seed tubers

(sprouts of 5 to 1 inch removed) emerged and matured much

more quickly than dormant seed (stored at 36°P, i.e. 2.2°C,

throughout). Earlier emergence followed by earlier

maturity in desprouted seed compared with dormant tubers

might be related to the effect of temperature on the

physiological development of the tuber in the former case.

It was suggested by Madec and Perennec (1960a) that the

growth and development of the sprout was governed by the

physiological age of the tuber, this itself depending upon

the actual age and also on the environmental conditions

during storage. Making particular reference to tuber

formation on sprouts, the author considered that the rate
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of development was strongly influenced by environment,

being hastened by humidity, heat and darkness, at least

after the beginning of sprouting. The stimulus leading to

tuberisation was associated with chemical changes in the

tuber reserves and its formation was stated to be hastened

by high temperature and delayed, but not inhibited, by low

temperature. Thus the earlier development of desprouted

tubers compared with dormant tubers stored at a temperature

low enough to prevent sprouting may be related to the

influence of a higher temperature (allowing sprout growth)

in the storage of tubers from which sprouts are subsequently

removed.

With regard to yield and stem number, McGubbin (1941)

has shown that desprouted seed gave rise to a larger number

of stems and tubers than dormant seed but the increased

yield in desprouted seed over that of dormant was not

significant. These results are in close agreement with

those of Toosey (1962) who showed that desprouted seed

(stored in sacks in unheated store from October and desprouted

before planting in April) formed a larger number of stems and

tubers per acre than dormant seed (stored throughout at

36°F, i.e. 2.2°C). However, the difference between these

two treatments in total yield and yield of ware was not

significant.

In a comparison of yielding capacity of sprouted,

desprouted and dormant seed, McGubbin (1941) considered that

the final yield in weight of tubers would depend primarily
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on time of planting, the length of the growing season and

climatic conditions. With early planting or a growing

season sufficiently long to permit plants of the three seed

treatments (sprouted, desprouted and dormant) to attain

complete maturity under equally favourable climatic

conditions, yield would no doubt be equal. With late

planting or a short growing season in which the plants of

all seed treatments were killed by frost or blight before

maturity, yield would probably be highest from sprouted,

intermediate from desprouted and lowest from dormant seed.

fiesprouti.ng of seed tubers after removal of sprouts

has a beneficial effect on the development and yield of the

potato plant compared with that of tubers not resprouted

(McGubbin 1 9^1» Fischnich 195U). McCubbin (19U1) reported

that seed tubers with one crop of sprouts (1.21 cm.)

removed and planted with a second crop (sprout length

1.53 cm.) emerged and matured as early as those planted

with the first crop of sprouts intact (sprout length 1.15

cm.). Resprouted seed produced a significantly greater

number of stems and tubers per plant than that planted

bearing the first crop of sprouts. The difference in total

yield and yield of large sized tubers was, however, not

significant (McGubbin 19^-1, Fischnich 195U).

Desprouting seed tubers more than once has been

reported by several workers to have an adverse effect on

crop yield relative to that from unsprouted tubers.

Germann (i960) reported that under similar storage conditions
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when the same total weight of sprouts was produced during

a given period of time, desprouting three times gave more

reduction in .yield than desprouting once. Westover (1928)

has shown that the ranoval of sprouts once (stored for 48

days at 65°F, i.e. 12.7°C, desprouted and then transferred

to 39°F> i.e. 3»9°C» until planting time) caused 6.0$ loss

in weight before planting and reduced yield compared with

unsprouted seed (stored throughout at 39°F> i»Q. 3.9°0)

where 1.3$ loss in weight was sustained before planting,

but the reduction in yield was not significant. The

reduction in yield was significant when the sprouts were

removed twiC6 (desprouted once after 48 days and again after

26 days at 65°F, i.e. 12.7°C, and then transferred to 39°F,
i.e. 3.9°0, until planting) causing a loss in weight of

11.3$ or more than twice. Westover (1928) noted that it

was questionable if tubers which have had the sprouts

"rubbed" from them more than once were of much value of

seed stock.

According to Appleman (1925) repeated desprouting

resulted in a decrease in sprout vigour associated with

loss of apical dominance and plants from weak sprouts were

correspondingly weak. Removal of sprouts once or twice

appeared to have little effect on sprout vigour but further

desprouting up to four times gave a decreasing vigour with

a sudden drop when sprouts were removed more than once.

Appleman (1925) concluded that at least four crops of

sprouts two or three inches long may be removed from
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potatoes (var. McCormick) in storage without materially

affecting their seed value when the tuhers were cut before

planting, "but if the tubers were planted whole they may

produce too many stems per hill. Too many stems per hill

would result in a high percentage of calls (small tubers)

in the crop. Prom another experiment Appleman (1925) bad

shown that seed tubers (Irish Gobbler) desprouted twice

produced a greater number of small sized and a smaller

number of large sized tubers than seed having the first

crop of sprouts intact or first crop removed.

Repeated desprouting, resulting in a weakening of

sprout vigour (Appleman 1925) may eventually reach a stage

where tubers fail to produce any sprouts and instead new

small tubers are formed directly (Appleman 1925, Krijthe

1958).

According to Germann (1957 and i960) an unfavourable

influence on yield by desprouting happened only after the

germinating power of the tuber had diminished or permanent

weakening of the tuber had taken place. Under normal

healthy conditions of seed, however, desprouting before

planting aoes not adversely affect plant development and

desprouted seed proved better in its yielding capacity

than dormant seed (McGubbin 19U1 and Fischnich 195U)•

Where short sprouts are removed before planting, the

resulting delay in emergence, subsequent growth and maturity

resulting from desprouting may be related to the loss of

the sprout as a plant part rather than loss of food reserves

or growth substance (McGubbin 19M). The handicap of
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desprouted seed lies in the slow rate of plant development

compared with that of sprouted seed and according to

McGuhbin this can he overcome by resprouting the seed

tuber before planting.

Of the sprout inhibiting chemicals which are available

for suppressing excessive sprout growth in storage, only

T.C.N.B. has proved satisfactory for seed tubers.

Brown and Reavill (195k) carried out an intensive

study with T.O.N.B. and found that T.G.N.B. treated tubers,

sprouted in light several weeks before planting, emerged

as early as control seed (i.e. without T.O.N.B. and sprouted

in light) whereas those stored throughout the storage

period with T.O.N.B. emerged later than those stored

throughout in clamps without T.O.N.B. The subsequent

growth and development of the plant was related to the rate

of emergence; however, the yield differences between

treatments were less obvious at the late lifting. Brown

and Reavill (195k) suggested that a period of seven weeks

of airing is required for T.C.N.B. treated tubers to become

equal in yielding capacity to the chitted control (stored

without T.O.N.B. and sprouted in light at the same time

when T.G.N.B. treated tuber was aired). T.C.N.B. treatment

caused the formation of a greater number of stems and also

tubers of seed size and as a result the ware/seed ratio

was reduced by T.O.N.B. treatments.

Downic (1950) indicated that treatment of seed

potatoes with T.G.N.B. tended to depress the germination of
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plants, although, the author suggested the possibility of

the application of T.C.N.B. for seed potatoes as it

controlled dry rot disease during storage.

From the foregoing findings of earlier investigators,

it may be inferred that apart from the varietal differences

the sprouting behaviour of the potato tuber is influenced

to a large extent by the different environmental factors

during storage and this in turn can modify to a considerable

extent the subsequent plant development in the field.

In the usual system of potato production in this

country, seed potatoes are generally stored in bulk and may

subsequently be sprouted in light or planted direct from

bulk storage. The conditions in bulk storage may vary

according to method and season resulting in a variation in

the sprouting condition of the seed tuber at the time of

sprouting or before planting. With a view to acquiring

more information regarding the reaction of seed potatoes

under different environmental conditions during storage and

the subsequent effect on sprouting behaviour and plant

development in the field, the following experiments were

carried out during the course of investigation.

(1) Effect of varying the periods of storage of seed

tubers with T.O.N.B. or at low temperature (i|.0OF) on

subsequent sprouting in light and plant emergence in the

field.

(2) Effect of varying the periods of storage of seed

tubers with T.O.N.B. or at low temperature (ij.00F) on
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subsequent sprouting in darkness and plant emergence in the

field after desprouting before planting.

(3) Effect of desprouting after varying periods of

storage on sprouting in the light or darkness and on plant

emergence in the field.

(ij.) Effect of varying periods of storage at different

temperatures and with or without T.O.N.B. on subsequent

sprouting behaviour and plant development of seed potatoes.

(5) Effect of length and periods of storage at high

temperatures on weight losses in storage and subsequent

plant development of seed potatoes.
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PART 1

EXPERIMENTS

1959-60
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The following studies were carried out during the

period October 1959 to June 1960:-

Experiment 1. Effect of varying the period of storage of

seed tubers with T.O.N.B. or at low temperature (ij.0oP) on

subsequent sprouting in light and plant emergence in the

field.

Experiment 2. Effect of varying the period of storage of

seed tubers with T.O.N.B. or at low temperature (i|.0oP) on

subsequent sprouting in darkness and plant emergence in the

field after desprouting before planting.

Experiment 5. Effect of desprouting after varying periods

of storage on sprouting in the light or darkness and on

plant emergence in the field.

MATERIALS AND METHODS

The studies were carried out on the varieties Arran

Pilot and Majestic and seed tubers of Scottish Grade A

Stocks were used for the experiments.

Storage Treatments

(a) Experiments 1 and 2 - For Experiment 1 a sample of

12 tubers of each variety was placed on a tray in a glass¬

house for sprouting in light throughout the storage period

(October - April). Similar samples for Experiment 2 were

transferred to a tray in the glasshouse and covered with

black paper for sprouting in darkness over the same period.

The temperature of the glasshouse ranged from U8°P (Minimum)
to 70°P (Maximum) over the total sprouting period (Appendix I).
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At the "beginning of the experiments (19th October,

1959) five further samples of 2k tubers of each variety

were dusted with Fusarex (3% Tetra-Chloronitrobenzene) at

the rate of 9 gms. per 2k tubers and stored separately in

lidded tin boxes (10" x 9«5" x U.8") in a storage building

where the temperature ranged from 33°E (Minimum) to 50°F

(Maximum) over the storage period (Appendix I). On the

same date other samples of tubers were transferred in open

trays (23.5" x 12.0" x 3»0") to a controlled temperature

room held at ii.0°F. At approximately four week intervals

samples of 2k tubers of each variety were taken from the

storage building and cold room respectively and 12 tubers

of each sample placed in trays in the glasshouse for

sprouting in light (Experiment 1) and 12 for sprouting in

darkness (Experiment 2). Twenty-four undusted tubers of

each variety were also held in tin boxes in the storage

building from the beginning of the experiments and of

these half were sprouted in light and half in darkness

respectively after removal of sprouts at the time when the

last T.G.N.B. treatment was removed. Tubers sprouted in

darkness (Experiment 2) were desprouted at the end of the

sprouting period (23rd April). The various treatments of

Experiments 1 and 2 are summarised in Table 1.

Experiment 3 - For Experiment 3 a sample of 12 tubers

of each variety was placed in a tray in the glasshouse on

22nd October for sprouting in light and a further 12 for
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TABLE 1

Experiments 1 and 2
Summary of Treatments

Length of Period of
Storage (days)
(Commencing 19th
October 1959)

With At Low Temp.
T.C.N.B. (40°P) i.e.

No T.C.N.B.

Length of Period
Date of of Sprouting in
Sprouting Light or Darkness x
in Light or
Darkness

Light Darkness

22.10.59 178 days 184 days

31 31 19-11.59 150 " 156 "

57 57 15.12.59 124 " 130 "

85 85 12. 1.60 96 " 102 "

113 113 9. 2.60 68 " 74 "

141 141 8. 3.60 40 " 46 "

141 days without
T.C.N.B. and

then desprouted.

8. 3-60 40 " 46 "

I

K To the time of final observations before planting.

sprouting in darkness throughout the storage period (October
- April). On the same date other samples of 12 tubers of

each variety were placed for sprouting in either light or

darkness after removal of the apical eyes by a shallow

incision with a scalpel. Tubers of each variety were also

held from 22nd October in the glasshouse in trays covered

with thick black paper for desprouting at varying times. On

22nd February, 24 tubers of each variety were taken from
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TABLE 2

Experiment 3

Summary of Treatments

Treatments

Date of
Resprouting
in Light

( or Darkness

Length of
Period of
Resprouting
in Light
or Darkness

Sprouted throughout. 22.10.59 185 days

Apical eyes removed and
sprouted throughout 22.10.59 185 days

Sprouted in darkness from
22nd Oct. to 22nd Feb.,
i.e. 123 days, and then
desprouted 22. 2.60 62 days

Sprouted in darkness from
22nd Oct. to 7th March,
i.e. 137 days, and then
desprouted 7. 3.60 i+8 days

Sprouted throughout (22nd Oct. - 2Uth April) in darkness
and desprouted at the end of the sprouting period.

covered trays and after removal of sprouts 12 tubers of each

variety were sprouted in light and 12 in darkness. The

same procedure was followed on 7th March. At the time of

planting 12 of the remaining tubers of each variety were

desprouted. The various treatments of Experiment 3 are

summarised in Table 2.

Prom the time of the final observations, which were

carried out over the period 17th to 2l+th April, to the time
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of planting (5th May) the tubers were held in the glass¬

house exposed to light.

Planting and Experimental Lay-out

Tubers of Experiments 1 and 2 were planted on 5th May

in 27" drills at 18" spacing and tubers of Experiment 3

were planted in 25" drills at 16" spacing on the same date

The experimental lay-outs were all of a split plot

design in a randomised block system with four replications

Each replication was divided into two main plots for the

two varieties. In the case of Experiments 1 and 2 each

main plot was divided into 12 sub plots of three tubers

alongside each other in the same drill, representing the

12 treatments. For Experiment 3 each main plot v/as

divided into 12 sub plots and the nine treatments were

randomised in nine sub plots, the remaining three being

filled up with discard tubers of the same variety. Guard

rows w6re arranged around each sub plot with tubers

previously stored in clamps of the same variety as planted

Figs. 1, 2 and 3 give the lay-outs of Experiments 1, 2 and

3 respectively.

Experimental Motes. An attack of Leaf Roll was observed

55 days after planting in plants of all experimental

treatments. This infection may be attributed to a heavy

infestation of green fly during the first week of April in

the glasshouse. Due to the high level of disease it was

not possible to follow growth studies through to plant
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maturity and observations were discontinued after 55 days.

As all plants were free from Leaf Roll disease until 55

days after planting, the effect of virus disease on the

rate of plant emergence has been ignored. During the

period of observation rainfall was below average with near

average temperatures and hours of sunshine were high

(Appendix 2).

Observations and Collection of Data

(a) Observations During Storage Period

Experiment 1

(i) Number of sprouts per tuber at the beginning and

end of the sprouting period in light, taking into account

the number of sprouts per eye and the number of sprouted

eyes per tuber.

(ii) Lengths of the longest sprout per tuber at

intervals of four weeks during the sprouting period.

Experiment 2

(i) Number of sprouts per tuber at the end of the

sprouting period in darkness, taking into account the

number of sprouts per eye and sprouted eyes per tuber.

(ii) Lengths of sprouts (1 mm. and above) at the times

of starting sprouting in darkness and after an interval of

four weeks.

(iii) Fresh weight of tubers and sprouts at the end of

sprouting in darkness.

Experiment 5

(i) Number of sprouts per tuber at the end of the
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sprouting period in light or darkness, taking into account

the number of sprouts per eye and sprouted eyes per tuher.

(ii) Lengths of the longest sprout per tuber at the

end of the sprouting period.

(b) Field Observation

Assessments of rate of emergence for various treatments

were made from plant counts taken twice per week following

planting. As soon as the sprouts broke through the ground

with one expanded leaf they were counted.

Statistical Analysis and Method of the Presentation of Data

The number of sprouts per eye, sprouted eyes, sprouts

per tuber and sprout weight as a percentage of the final

weight of the tuber (as noted at the end of the sprouting

period in light or darkness) were analysed statistically.

In these analyses there is one estimate of error applicable

to effect of variety, treatment and interaction of treat¬

ment and variety. For the rate of the plant emergence

there are two estimates of error applicable to (a) effect of

variety and (b) effect of treatment and interaction of

treatment and variety. For the purpose of analysis of the

rate of plant emergence, the data has been considered on the

basis of the "Germination Rate Index". This was formulated

by Bar tiett (1937) as a measure of the rate of emergence,

as follows

"Germination Rate Index" = S
HxF
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where S = Sam of the number of plants recorded at each

counting date

N = Number of counting dates

P = Pinal number of plants.

Thus the index figure is higher with faster rates of

emergence.

The other information is recorded in the form of a

two way table on the basis of the statistical analysis with

the appropriate standard error. The difference is

considered significant whenever the difference is greater

than /2 x S.E x t (least significant difference) /Pisher
and Yates 19U27-

Longest lengths of sprouts and rates of sprout growth

have been expressed as the mean of 12 tubers.
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Experiment 1. Effect of varying the period of storage of

seed tubers with. T.C.N.B. or at low temperature on

subsequent sprouting in light and plant emergence in the

field.

RESULTS

A. Observations During Storage Period

(i) Number of Sprouts per Tuber

It may be noted that some variation in sprouting

condition was observed at the beginning of the sprouting

period for the various storage treatments as is shown in

Appendix 3* Arran Pilot showed bud activity during

preliminary periods of storage for 57 days or more with

T.O.N.B. or at low temperature. On the other hand,

Majestic tubers remained apparently dormant in all storage

treatments prior to sprouting, with the exception of the

longest period (12+1 days) of storage at low temperature.

The results for the numbers of sprouts per tuber

recorded at the end of the sprouting period (17th April)

are summarised in Table 3. Prom the analysis of variance

of the data (Appendix k) the number of sprouts formed was

found to vary with variety, storage treatment and the

interactions between these two factors .

(a) Variety. The number of sprouts per tuber

produced in Arran Pilot, averaged for all storage treat¬

ments, was greater than that in Majestic but the difference

was only slight and can be traced largely to the greater
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TABLE 3

Effect of varying periods of low temperature (40°F)
storage and of T.C.N.B. treatment on the number of
sprouts per tuber at the end of the sprouting period

in light (17th April)

Tr.
Storage Period from
19th October and

Date
of

Number of Sprouts per
tuber at the end of
the Sprouting Period

No. Storage Treatments Sprouting
Arran
Pilot

i

Majestic Mean

1. Sprouted throughout
in light 22.10.59 6.92 9.00 7.96

2. 31 days with T.G.N.B. 19.11.59 8.25 10.25 9.25

3. 31 days at i+0°P It 10.58 10.33 10.45

4. 57 days with T.G.N.B. 15.12.59 11.75 10.58 11.17

5. 57 days at 40°F it 11.08 8.67 9.87

6. 85 days with T.G.N.B. 12. 1.60
•

13.33 9-58 11.46

7. 85 days at 40°F tt 12.67 13.83 13.25

8. 113 days with T.G.N.B. 9- 2.60 17.50 13.75 15.62

9. 113 days at 40°F ti 14.67 14.00 14.33

10. 141 days with T.G.N.B. 8. 3.60 24.17 13-50 18.83

11. 141 days at 40°F
i

» 14.75 13-08 13.92

12. 141 days without
T.G.N.B. and then
desprouted and
sprouted in light

I

8. 3.60 10.25 11.17 10.71

Mean 12.99 11.47

S.E. of Variety +0.30 S.E. of Treatment +0.74
S.E. of Treatment x Variety +1.04
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effect of the prolonged T.G.N.B. treatments (113 and 11+1

days) on the early variety (Table 3).

(b) Treatment. Tubers sprouted from the beginning of

the storage period (October) formed significantly fewer

sprouts than the average of all other treatments,where a

delay in sprouting was involved (Table 1+). Moreover, the

TABLE k

Number of sprouts per tuber at the end of the

sprouting period for continuous and delayed
sprouting treatments

Storage Treatment
Arran
Pilot Majestic Mean

Sprouted throughout in light
(Tr. 1) 6.92 9.00 7.96

Delayed sprouting (Tr. 2-12) 13.54 11.70 12.62

Difference -6.62 -2.70 -1+. 66

+1 .08 +0.77

sprout numbers tended to increase with the extent of the

delay (Table 3)« This trend was observed in both varieties_,

but was more marked in Arran Pilot. This again can be

related to the effect of prolonged storage with T.G.N.B. on

this variety.

The difference in response of varieties to the storage

treatment with T.C.N.B. compared with that at low
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temperature without T.G.N.B. is shown in Table 5-

In Arran Pilot delay in sprouting resulted in a

progressive increase in the number of sprouts per tuber

from both T.C.N.B. treatment and low temperature storage,

but the increase in the number of sprouts per tuber

associated with delay in sprouting was more marked with the

T.C.N.B. treatment. In fact tubers stored at low

temperature until February and March did not form

significantly greater numbers of sprouts than those

sprouted in January, whereas with T.G.N.B. treatment further

marked increases were evident from the longer periods of

storage until February and March. Tubers stored with

T.G.N.B. before sprouting formed on average more sprouts

per tuber than those stored at low temperature and

increases from the T.G.N.B. treatments were significant

when sprouting was done during February and March (Table 5).

In Majestic the number of sprouts per tuber developed

after sprouting in light was increased following previous

storage until February or March with T.C.N.B. or at low

temperature compared with the earlier sprouting treatments

but no significant difference in effect between the two

storage conditions was found (Table 5).

Tubers subjected to late desprouting before sprouting

in light tended to produce more sprouts at the end of the

sprouting period than those sprouted throughout the

storage period but this effect was only significant in

Arran Pilot (Table 3)» The desprouting treatment gave
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TABLE5

Varietaldifferenceinsproutnumbers
PeriodofStoragebefore SproutinginLight

ArranPilot

Majestic

With4̂0°P™i.e.NoMean
i.O.N.B.T.G.N.B.

At40°P

T0XNBi,Q*N°M9an i.O.N.B.T.O.N.B.

31days,i.e.sproutedon 19-11-59

8.2510.589.41
10.2510.3310.29

57days,i.e.sproutedon 15.12.59

11.7511.0811.41

.

10.588.679-62

85days,i.e.sproutedon 12.1.60

13.3312.6713.00
9.5813.8311.70

113daysi.e.sproutedon 9.2.60

17.5014.6716.08
13.7514.0013.87

141daysi.e.sproutedon 8.3•60

24.1714.7519-46
13-5013-0813.29

Mean

15.0012.75

11.5311.98

S.E.ofVarietyxTreatmentwithT.G.N.B.andnoT.O.N.B.(40°F)+0.47 S.E.ofVarietyxTimeofSprouting+0.74 S.E.ofVarietyxTimeofSproutingxTreatmentwithT.C.N.B.andnoT.G.N.B. +1.04
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fewer sprouts than the average of sprouting treatments

where tubers had been previously stored with T.O.N.B. or at

low temperature (Table 6) but the differences were only

TABLE 6

Number of sprouts per tuber at the end of the
sprouting period for desprouting and for delayed

sprouting treatments

Storage Treatment
Arran
Pilot Majestic Mean

Sprouted in light after
desprouting on 8.3-60
(Tr. 12)

•

10.25 11.17 10.71

Sprouted in light at intervals
of four weeks from 19-11-59
to 8.3-60 without
desprouting (Tr. 2-11)

'

•

13-87 11.76 12.82

Difference -3-62 -0.59 -2.11

±1 -09 ±0.77

significant in comparison with the late sprouting treatments

in Arran Pilot, i.e. 113 and 11+1 days with T.G.N.B. or at

low temperature (Table 3).

It may be noted that the nature of the desprouting

treatment differed in the two varieties. In Majestic only

a few sprouts were just visible ( <1 mm.) at the time of

desprouting and were rubbed off whereas in Arran Pilot

growth was advanced (longest sprout length 195 mm.) when

sprouts were removed (Appendix 3)•
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In order to assess to what extent variations in the

number of sprouts per tuber were related to changes in the

number of eyes which produced sprouts or in the number of

sprouts developed from eyes, the number of sprouted eyes

per tuber and the mean number of sprouts per eye have been

taken into account.

(ii) Number of Sprouted Eyes per Tuber

The effect of different treatments on the number of

sprouted eyes per tuber, at the end of the sprouting period

(17th April) is summarised in Table 7 and the analysis of

variance of the data is shown in Appendix 6.

(a) Variety. Arran Pilot, averaged for all treat¬

ments, showed a greater number of sprouted eyes per tuber

than Majestic, although it can be seen from Table 7 that

this varietal difference relates more particularly to

treatments where sprouting time was delayed and was only

slight.

(k) Treatment. In both varieties tubers sprouted

from the beginning of the storage period gave a slightly

smaller number of sprouted eyes per tuber than that from

the average of delayed sprouting treatments (Table 8).
The increase from delayed sprouting was, however, only

consistent with the later times of sprouting, i.e. 113 or

1U1 days at low temperature or T.G.N.B. treatment (Table 7)•

In considering the effect of delay in the time of

sprouting after varying periods of storage with T.G.N.B.



65

TABLE 7

Effect of varying periods of low temperature (1+0°F)
storage and of T.G.N.B. treatment on the number of
sprouted eyes per tuber at the end of the sprouting

period in light (17th April)

Tr.
No.

Storage Period from
19th October and

Date
of

Number of Sprouted
Eyes per Tuber at the
end of the Sprouting

Period

Storage Treatments Sprouting
Arran
Pilot Majestic Mean

1. Sprouted throughout
in light 22.10.59 6.67 7.33 7.00

2. 31 days with T.G.N.B. 19.11.59 6.67 7.92 7.29

3- 31 days at U0°P tt 8.33 7.58 7.96

h. 57 days with T.G.N.B. 15.12.59 6.67 7.1*2 7-01+

5. 57 days at 1+0°P !! 7.75 6.92 7.33

6. 85 days with T.G.N.B. 12. 1.60 6.92 6.50 6.71

7. 85 days at 1+0°F II 8.75 8.17 8.1+6

8. 113 days with T.G.N.B. 9. 2.60 8.58 8.25 8.1+1

9. 113 days at l+0°F
■

tt 9.25 8.75 9.00

10. 11+1 days with T.G.N.B. 8. 3-60 9.33 7.1+2 8.37

11. 1l+1 days at kO°F ti 8.92 7.83 8.37

12. 11+1 days without
T.O.N.B. and then
desprouted and
sprouted in light 8. 3.60 8.75 6.83 7.79

Mean 8.05 7.58

S.E. of Variety +0.11+
S.E. of Treatment ±0.33
S.E. of Treatment x Variety +0.1+8
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TABLE 8

Number of sprouted eyes per tuber at the end of the
sprouting period for continuous and delayed

sprouting treatments

.ril X 9.11
Storage Treatment Pilot Majestic Mean

Sprouted throughout in light
(Tr. 1) 6.6? 7. 33 7- 00

Delayed sprouting (Tr. 2-12) 8.17 7. 60 7. 88

Difference -1.50 -0. 23 0. 88

+0.49 +0. 35

TABLE 9

Number of sprouted eyes per tuber at the end of the
sprouting period, stored Y/ith T.G.N.B. and at 40°F

for varying periods before sprouting in light

Period of Storage before
Sprouting in Light

With At
m h jj n i.e. NO Mean

31 days, i.e. sprouted on
19.11.59 7.29 7-96 7.62

57 days, i.e. sprouted on
15.12.59 7.04 7-33 7-19

85 days i.e. sprouted on
12. 1.60 6.71 8.46 7-58

113 days i.e. sprouted on
9. 2.60 8.42 9-00 8.71

141 days i.e. sprouted on
8. 3.60 8.37 8.37 8.37

Mean 7.57 8.22

S.E. of Treatment with T.O.N.B. and no T.O.N.B. +0.11
S.E. of Time of Sprouting +0.24
S.E. of Time of Sprouting x Treatment with T.G.N.B.

and no T.O.N.B. + 0.33
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or at low temperature, it was found that with the average

of both varieties tubers sprouted during February and March

gave rise to a significantly greater number of sprouted

eyes per tuber than those sprouted during November and

December (Table 9). This effect applied to both storage

methods but in comparing T.G.N.B. with low temperature

storage there was a tendency for fewer eyes to develop

sprouts with the former treatment (Table 9).
The removal of sprouts before sprouting had no

significant effect on the number of sprouted eyes compared

with the average of other storage treatments with T.G.N.B.

or at low temperature (Table 10) but there was some

TABLE 10

Number of sprouted eyes per tuber at the end of the
sprouting period for desprouting and for delayed

sprouting treatments

Storage Treatment
Arran -t.. „

Pilot Majestic Mean

Sprouted in light after de-
sprouting on 8.3.60 (Tr.12)

■

8.75 6.83
■

7.79

Sprouted in light at intervals
of four weeks from 19*11.59
to 8.3.60 without
desprouting (Tr. 2-11) 8.12 7.67 7-89

Difference +0.63 -0.81+ -0.10

±0.50 ±0.35
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evidence of a varietal interaction (Appendix 6), Arran

Pilot tended to give a greater number of sprouted ey6s per

tuber after desprouting than Majestic and this might be

related to the fact that little sprout development had

occurred at the time of desprouting in the latter variety

(Appendix 3)•

(iii) Number of Sprouts per Eye

The number of sprouts per eye at the end of the

sprouting period (17th April) was found to vary with variety,

storage treatments and the interaction between the two

factors (Appendix 8). The number of sprouts per eye

recorded at the end of the sprouting period in light from

the different storage treatments is shown in Table 11.

(a) Variety. Arran Pilot produced on average a

greater number of sprouts per eye than Majestic but the

increase can be attributed to the effect of prolonged

storage with T.G.N.B. (Table 11).

(b) Treatment. Tubers of both varieties sprouted

throughout showed a smaller number of sprouts per eye than

all other treatments,where a delay in sprouting was

involved, and this effect appeared more marked in Arran

Pilot (Table 12). The difference in varietal response

was significant (Appendix 8) but is again related to the

effect of prolonged storage with T.G.N.B. on Arran Pilot

(Table 11).

In comparing the effects of different times of

sprouting after storage for varying periods at low
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TABLE 11

Effect of varying periods of low temperature (1+0°F)
storage and of T.O.N.B. treatment on the number of
sprouts per eye at the end of the sprouting period

in light (17th April)

Tr. Storage Period from
19th October and
Storage Treatments

Date
of

Number of Sprouts per
eye at the end of
the Sprouting Period

No. Sprouting
Arran
Pilot Majestic Mean

1. Sprouted throughout
in light 22.10.59 1.01+ 1 .20 1.12

2. 31 days with T.G.N.B. 19.11.59 1.21+ 1 .29 1 ,26

3. 31 days at 1+0°F ?t 1.27 1 .36 1.32

1+. 57 days with T.O.N.B. 15.12.59 1.75 1 .38 1.57

5. 57 days at 1+0°F tr 1.1+3 1 .21+ 1.31+

6. 85 days with T.O.N.B. 12. 1.60 1.98 1.1+6 1 .72

7. 85 days at 1+0 °F 11 1.1+1+ 1.66 1.55

8. 113 days with T.O.N.B. 9. 2.60 2.05 1.65 1.85

9. 113 days at 1+0 °F 11 1.58 1.63 1.61

10. 11+1 days with T.G.N.B. 8. 3.60 2.60 1.85 2.22

11. 11+1 days at 1+0°F 11 1.71 1.66 1.68

12. 11+1 days without
T.O.N.B. and then
desprouted and
sprouted in light 8. 3-60 1.16 1.65 1.1+1

Mean 1.60 1.50

S.E. of Variety +0.02
S.E. of Treatment +0.06
S.E. of Treatment x Variety +0.29
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TABLE 12

Number of sprouts per eye at the end of the
sprouting period for continuous and delayed

sprouting treatments

Storage Treatment
Arran
Pilot Majestic Mean

Sprouted throughout in
light (Tr. 1) 1.04 1.20 1.12

Delayed sprouting (Tr. 2-12) 1.65 1.53 1.59

Difference -0.61 -0.33 -0.47

+0.09 +0.07

temperature or with T.C.N.B. it was found that in Arran

Pilot delay in sprouting caused an increase in the number

of sprouts per eye, but this increase was accentuated with

T.C.N.B. treatment (Table 13)» In Arran Pilot, tubers

previously stored with T.O.N.B. gave rise to a significantly

greater number of sprouts per eye after sprouting in light

than those stored at low temperature without T.O.N.B. and

this sprouting behaviour associated with T.O.N.B. was more

apparent when the period of storage was prolonged (Table 13).
The increase in the number of sprouts per eye associated

with delay in sprouting was also found in Majestic, but

treatment with T.G.N.B. did not result in a greater number

of sprouts per eye than previous storage at low temperature

without T.O.N.B. (Table 13).

The number of sprouts per eye after desprouting was
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TABLE15

Varietaldifferenceinsproutspereye
PeriodofStoragebefore SproutinginLight •

ArranPilot

Majestic

At1+0°F
Withi.e.NoMean T.G.N.BT.G.N.B.

n

At1+0°P
fi.e.NoMean T.G.N.B.T.G.N.B.

-

31days,i.e.sproutedon 19.11.59

1.21+1.271.25
1.291.361.32

57days,i.e.sproutedon 15.12.59

1.751.I+31.59
1.381.21+1.31

85days,i.e.sproutedon 12.1.60

1.981.1+1+1.71
1.1+61.661.56

113daysi.e.sproutedon 9.2.60

2.051.581.81
1.651.631.61+

1l+1daysi.e.sproutedon 8.3.60

2.601.712.15
1.851.661.75

Mean

1.921.1+8

1.531.51

S.E.ofVarietyxTreatmentwithT.C.N.B.andnoT.G.N.B.+0.01+2 S.E.ofVarietyxTimeofSprouting+0.061+ S.E.ofVarietyxTimeofSproutingxTreatmentwithT.G.N.B.andnoT.G.N.B. +0.29
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greater than that where tubers were sprouted throughout

the storage period hut the difference in effect between the

two treatments was only significant in Majestic (Table 11).

Compared with other storage treatments, tubers subjected to

desprouting tended to give fewer sprouts per eye in Arran

Pilot but not in Majestic (Table 14). Thus in Arran Pilot

TABLE Ill-

Number of sprouts per eye at the end of the
sprouting period for desprouting and delayed

sprouting treatments

Storage Treatment
Arran
Pilot Majestic Mean

Sprouted in light after
desprouting on 8.3.60
(Tr. 12) 1.16 1.65 1.41

Sprouted in light at intervals
of four weeks from 19»11«59
to 8.3.60 without
desprouting (Tr. 2-11) 1.70 1.52 1.61

Difference -0.54 +0.13 0C\J•01

+0.09 +0.07

numbers of sprouts formed per eye were slightly greater

after storage periods of 113 and 141 days at low temperature

compared with desprouting, and was notably greater from

storage periods of 85, 113 and 141 days with T.C.N.B.

(Table 11).
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(iv) Sprout Length

The frequency distribution of sprouts in different

length categories for the various treatments at the end of

the sprouting period is given in Appendix 10.

In Arran Pilot the increase in sprout numbers

following delay in time of sprouting gave rise to more

sprouts in the 1-10 mm. and 10-20 mm. size classes hut

fewer sprouts developed over 30 mm. in comparison with

earlier sprouting. The large increases in numbers

following long periods of storage with T.G.N.B. referred to

sprouts <(10 mm. Sprout lengths in Majestic were

generally shorter than in Arran Pilot. In Majestic

increased numbers following delay in sprouting were found

in the 1-10 mm. class and fewer sprouts above 10 mm.

(Appendix 10).
The mean lengths of the dominant, i.e. the longest,

sprout per tuber at various dates after different storage

treatments are given in Appendix 11.

As would be expected, sprout length was generally

greater in Arran Pilot than in Majestic and in both

varieties the length was reduced with shorter periods of

sprouting. There appeared to be no difference, however,

between the effect of previous storage treatment with

T.G.N.B. compared with that of low temperature storage

on longest sprout length at the time of planting (Table 15).

Pig. A and B show that in Arran Pilot the maximum

rate of growth of the longest sprout occurred in the first
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TABLE 15

Effect of varying periods of low temperature (i+0°F)
storage and of T.Q.N.B. treatment on the length of

longest sprout

Tr.

No.

Storage Period from
19th October and
Storage Treatments

Date
of

Sprouting

j

Arran

Pilot
Majestic

1. Sprouted throughout in
light 22.10.59 37.25 16.83

2. 31 days with T.C.N.B. 19-11.59 31.67 15.00

3. 31 days at 2+0°F tf 35.50 17.33

2+. 57 days with T.O.N.B. 15.12.59 29-83 17.83

5. 57 days at 2+0°F it 26.00 16.33

6. 85 days with T.G.N.B. 12. 1.60 25.08 12.92

7. 85 days at 2+0°F If 21.2+2 13-25

8. 113 days with T.C.N.B. 9. 2.60 17-00 8.50

9- 113 days at 2+Q°F It 19.83 10.17

10. 12+1 days with T.G.N.B. 8. 3.60 19-91 9.33

11. 12+1 days at i+Q°F 1» 19.83 9-33

12. 12+1 days without
T.G.N.B. and then
desprouted and
sprouted in light 8. 3.60 22.58 9.83

four weeks of the sprouting period,with the exception of

the earliest sprouting treatment where maximum growth rate

was found during the second four week period. In Majestic
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(Pig. 5 A and B) with tubers sprouted in October (i.e. the

earliest sprouting treatment) maximum growth rate was not

attained until the third four week period after sprouting.

Tubers sprouted in November showed their maximum growth

rate in the third period and second period after previous

storage with T.O.N.B. and at low temperature respectively.

When sprouted in December, tubers previously stored with

T.G.N.B. gave their maximum growth rate in the second four

week period, while those stored at low temperature gave

their maximum growth rate in the first four week period

after sprouting was commenced, as did all later sprouting

treatments. These results accord with the concept of a

longer period of dormancy in Majestic than in Arran Pilot.

In comparing the effect of storage with T.G.N.B. with

storage at low temperature the growth rate of Arran Pilot

was somewhat slower during the first four week period for

T.G.N.B. treatments but later growth made up this

difference, as is illustrated by the more gradual but less

rapid flattening out of the growth curves (Pig. k A and B

and Appendix 11).

In Majestic also, growth tended to be slower following

T.G.N.B. treatment, but again later growth appeared to

reduce any difference by the end of'the sprouting period

(Pig. 5 A and B and Appendix 11). Low temperature treat¬

ment until November tended to stimulate early sprouting in

Majestic. It can be seen from Pig. 5 B that tubers stored

at low temperature and sprouted in November formed sprouts
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during December, whereas those sprouted in October showed

development of sprouts during January. In fact, despite

the longer period of sprouting in light, tubers sprouted in

October did not show greater length of longest sprout at

the end of the sprouting period than those held at low

temperature or with T.C.N.B. until November and December

(Table 15)« This behaviour of sprout growth in Majestic

can be related to the dormancy of the tuber and thus tubers

sprouted from the beginning (October) failed to show early

growth of sprouts and some time was required to complete

the period of rest or dormancy.

The growth rate of the longest sprout during the first

four week period of sprouting tended to be similar for the

different times of sprouting despite the fact that the

number of sprouts increased as the time of sprouting was

delayed, when there was a greater competition for the

available nutrition for sprout growth (Pig. i|- A and B;

5 A and B). There was, therefore, evidence that the

vigour of sprout growth increased with age. Krijthe (1958)

reported that from the time of lifting onwards to a certain

stage of life the germinating power of tubers (i.e. weight

of sprouts produced during a fixed period of four weeks

under a constant temperature at 20°G by tubers stored

previously at 2°G) increases with the age of the tuber.

Removal of sprouts before sprouting in light during

March did not adversely affect growth of the longest sprout.

In fact, irrespective of variety, the length of the longest
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TABLE 16

Effect of varying periods of low temperature (40°F)
storage and of T.G.N.B. treatment on the average

number of days to plant emergence

Tr.

No.

Storage Period from
19th October and
Storage Treatments

Date
of

Sprouting

Arran
Pilot Majestic

1. Sprouted throughout in
light 22.10.59 20.1+2 20.25

2. 31 days with T.C.N.B.

■

19.11.59 18.42 18.67

3- 31 days at 40°F u 19.83 18.58

4. 57 days with T.G.N.B. 15.12.59 19.33 19.75

5. 57 days at 40°F « 18.92 17.67

6. 85 days with T.G.N.B. 12. 1.60 19.58 19.33

7. 85 days at 40°F it 17.33 19.17

8. 113 days with T.G.N.B. 9. 2.60 19.42 20.50

9. 113 days at 40°F tr 19.83 20.33

10. 141 days with T.G.N.B. 8. 3.60 22.42 21.50

11. 141 days at 40°F tt 22.17 20.83

12.
.''

. •

141 days without
T.G.N.B. and then
desprouted and
sprouted in light 8. 3.60 20.25 22.17

sprouts (Table 15) and their rate of growth (Appendix 11) in

tubers subjected to desprouting before sprouting in light

was greater than those sprouted at the same time with

sprouts intact.
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B. Rate of Plant Emergence

The percentage plant emergence at successive dates

after planting and the average number of days to emergence

are shown in Appendix 12 and Table 16 respectively.

The mean "Germination Rat6 Index" of different storage

treatments and th© analysis of variance are shown in

Table 17 and Appendix 13 respectively.

Prom the analysis of variance for variety and storage

treatment the only significant effect on emergence rate

related to prolonged storage with T.O.N.B. or at low

temperature (Appendix 13)« It can be seen from Table 18

that tubers held for 11+1 days before sprouting were

significantly slower in emergence than tubers from all

other treatments, but it may be noted that the delay in

emergence is only slight (Table 16).

Although sprout length was longer on tubers of Arran

Pilot than those of Majestic at the time of planting no

significant difference in emergence rate (Average of

storage treatment) between the two varieties was found

(Table 17 and Appendix 12). Thus it appears that while

Arran Pilot showed a more vigorous growth rate of sprouts

during the storage and sprouting period, this increased

vigour was not sustained after the tubers were planted in

the field.

In considering the relationship between sprout length

and emergence rate, however, a significant negative

correlation between the number of days required to emerge
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TABLE 17

Effect of varying periods of low temperature (UP0!?)
storage and of T.O.N.B. treatment on the

''Germination. Rate Index"

Tr.
No.

Storage Period from Date
Germination Rate Index

19th October and
Storage Treatments

of
Sprouting Arran

Pilot Majestic Mean

1. Sprouted throughout
in light 22.10.59 0.750 0.764 0.757

2. 31 days with T.O.N.B. 19-11-59 0.847 0.833 0.840

3. 31 days at 40°F ii 0.778 0.847 0.812

4. 57 days with T.O.N.B. 15.12.59 0.805 0.791 0.798

5. 57 days at 40°F it 0.833 O.889 0.861

6. 85 days with T.G.N.B. 12. 1.60 0.792 0.805 0.799

7. 85 days at 40°F !f 0.903 0.819 0.861

8. 113 days with T.O.N.B. 9. 2.60 0.806 0.750 0.778

9. 113 days at 40°F „ 0.778 0.764 0.771

10. 141 days with T.G.N.B. 8. 3.60 0.653 0.708 0.680

11. 141 days at 40°F tr 0.667 0.736 0.701

12. 141 days without
T.G.N.B. and then
desprouted and
sprouted in light 8. 3-60

I
0.764 0.667 0.715

Mean 0.781 0.781

S.E. of Variety +0.011
S.E. of Treatment +0.040
S.E. of Treatment x Variety +0.057
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TABLE 18

Effect of period of storage or time of sprouting
in light on "Gemination Rate Index" (Average of

variety and treatment with T.O.N.B.)

Period of Storage before
Sprouting in Light

Germination
Rate Index

31 days, i.e. sprouted in November 0.826

57 days, i.e. sprouted in December 0.830

85 days, i.e. sprouted in January 0.830

113 days, i.e. sprouted in February 0.77U

11+1 days, i.e. sprouted in March 0.691

S.E. of Time of Sprouting +0.028

and the longest sprout length was found in Majestic

(r = -0.708) ^Fig. 6 B/ where sprout length ranged from

9.33 mm. to 17.83 mm. (Table 15). In Arran Pilot the

correlation was not significant (r = -0.187) /Fig. 6 A/\
In this variety the length of the longest sprout ranged from

17.00 mm. to 37.25 mm. (Table 15) which would suggest that

the length exceeded the limit above which further response

might not be expected.
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0* DISCUSSION

EXPERIMENT 1

Delaying the time of sprouting "by prolonging the

period of storage at low temperature with or without

T.C.N.B. before exposing tubers to light at temperatures

suitable for growth resulted in an increase in the number

of sprouts per tuber. Larger numbers of sprouts per tuber

associated with the delay in sprouting was partly due to

the increased number of sprouted eyes per tuber and partly

to the greater number of sprouts per eye. Many authors

have observed that after passing through the rest period

and under favourable conditions for sprout growth the tuber

tends to produce a single sprout from the apical eye only

with a suppression of sprout growth from the other eyes

(Appleman 1925, Kawakami 1953)» Where there is a delay in

sprouting the number of sprouts produced increases with the

age of the tuber (Kawakami 1953)» It had also been shown

by Bushnell (1929), Toosey (1959) and Hiele (1961) that

with delay in time of sprouting following low temperature

storage, the tuber exhibited a loss of apical dominance and

thereby an increase in the degree of multiple sprouting.

It seems that loss of apical dominance of tubers associated

with delay in sprouting resulted in a greater number of

ey6s becoming active and also a larger number of buds

within an eye giving rise to sprouts.

In the present observations, however, the earliest
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sprouting treatment did not give rise to complete apical

dominance and in "both varieties tubers sprouted from the

end of October gave rise to more than one active sprout at

the time of planting. This might indicate that at the

start of the experiment tubers had already passed out of

the one sprouting phase, although it was observed that in

the early stages of sprouting only one sprout tended to

become active and active growth from other eyes developed

later. On the other hand, with later sprouting treatments

several sprout buds tended to start activity at the same

time. Bushnell (1929) did report that even with early

sprouting of tubers there is a tendency for further eyes

to develop sprouts with increase in the age of tubers where

favourable growing conditions are maintained and this

observation is in keeping with the results obtained.

Treatment with T.O.N.B. (Tetrachloronitrobenzene)

during storage at low temperature also influenced the

subsequent number of sprouts developed, notably in Arran

Pilot for prolonged periods of storage. In Arran Pilot,

tubers stored with T.C.N.B. before sprouting in light gave

a greater number of sprouts per tuber than those stored

without T.O.N.B. and this may be attributed to more sprouts

per eye rather than sprouted eyes per tuber in the former

cas6. Brown and Reavill (1954) showed that tubers stored

with T.O.N.B. gave a larger number of sprouts per tuber than

those stored without T.G.N.B. The authors further

commented that in treated tubers at higher temperature
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(where hud activity would presumably tend to be greater) as

many as fifteen sprouts developed at an eye, giving a

"witches broom" appearance. In the present observation it

was noted that Arran Pilot was in a more active sprouting

condition even at low temperature than Majestic which might

explain the response to T.G.N.B. being restricted to the

former variety. Hiele (1961) also reported that growth

regulating substances such as T.C.N.B. used for prolonging

dormancy frequently increase the number of sprouts per tuber.

Although the initial growth rate of the longest sprout

tended to be slower following T.G.N.B. treatment, later

growth made up this difference and near the time of planting

there appeared to be no difference between the effect of

previous storage treatment with T.G.N.B. and that of low

temperature storage without T.G.N.B. on the longest length

of sprout. Brown and Reavill (195U) suggested that the

effect of T.G.N.B. disappears when the active principle is

removed from the treated tuber and the sprouts which have

been retarded in growth by the dust will then begin to grow

at the same rate as untreated sprouts.

The development of sprouts was related to variety;

Arran Pilot, a vigorous sprouting variety, formed a larger

number of sprouts notably with delayed sprouting treatments

and also had a greater length of the longest sprout than

Majestic, a slow sprouting variety. Arran Pilot is

recognised as an early sprouting variety with a short

dormant period whereas Majestic is slower in making active
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sprout grovtrth. Thus it was found that in October

sprouted tubers visible sprouting commenced earlier in the

former variety. In Majestic, however, low temperature

treatment for a short period (November) tended to stimulate

subsequent sprout growth in light relative to that of

exposure at growing temperature conditions from the

beginning of the storage period. It seems that in Majestic,

storage at low temperature for a short period followed by

sprouting in light at higher temperature resulted in an

interruption of dormancy earlier than sprouting in the

light from the beginning of the storage period under a

favourable temperature for growth. Fluctuating the

temperature of storage or transferring from low to high

temperature has been observed previously to result in a

breaking of dormancy (Snell 1932, Schippers 1955).

While Arran Pilot showed a more vigorous growth rate

of sprouts during the sprouting period than Majestic, this

increased vigour was not sustained after the tubers were

planted in the field and in fact no significant difference

in emergence rate between the two varieties was found. In

Majestic, the longest sprout length ranged from 9.33 mm.

to 17.83 mm. at the time of planting and there was a

significant negative correlation between the number of days

required to emerge and longest sprout length whereas, in

Arran Pilot, the correlation was not significant where the

longest sprout ranged from 17.0 mm. to 37.25 mm. in length.

This result suggests that the sprout length in the latter



88

variety exceeded the limit above which farther response in

early plant emergence might he expected. These findings

are in agreement with Iieadford (i960 and 1962) who showed

that increase in sprout length up to 15 mm. caused a

considerable reduction in the time of emergence and longer

sprout lengths than this gave no further response. Headford

(1962) further considered that King Edward (a main crop

variety) produced plants above ground as early as Arran

Pilot (an early variety) when the two varieties had the

same sprout length.

In these experiments there was no advantage in sprouting

earlier than February in Arran Pilot for early plant

emergence, and sprouting in March delayed plant emergence.

In Majestic, emergence was only significantly earlier when

sprouting was started in December or November in comparison

with the March sprouting treatment, indicating the

advantage of a longer sprouting period in this variety.

Owers (i960) suggested that the slow sprouting varieties

such as Majestic and King Edward needed a longer period of

sprouting for early plant emergence than a variety such as

Arran Pilot which is noted for its rapidity of sprout

growth. The results confirm that the time of sprouting

of a particular variety should be based on its

characteristic sprout growth rate: the greater the rate,

the longer should the start of sprouting be delayed.
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D. GONGLUSIONS

EXPERIMENT 1

In Experiment 1 studies were carried out on the effect

of delaying sprouting by low temperature storage or T.G.N.B.

treatment for varying periods before sprouting in light on

subsequent sprout development and plant emergence in Arran

Pilot and Majestic.

1. The number of sprouts per tuber developed at the end

of the sprouting period (17th April) in light increased by

prolonging the period of storage at low temperature with or

without T.G.N.B. (Tetra-Chloronitrobenzene) before exposing

tubers to light at a temperature suitable for growth.

2. Increase in sprout number associated with the delay in

time of sprouting was partly due to the increase in the

number of sprouted eyes and partly to the increase in the

number of sprouts per eye.

3. Tubers of Arran Pilot stored over prolonged periods

(October to February or March) and previously treated with

T.G.N.B. during storage at low temperature resulted

subsequently in a marked increase in numbers of sprouts

over those stored without T.G.N.B. Greater numbers of

sprouts per tuber associated with T.G.N.B. treatment were

mainly due to a larger number of sprouts per eye. T.G.N.B.

had no significant effect in the case of shorter periods of

storage (October to November, December or January) in this
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variety or in the case of Majestic irrespective of storage

period.

U. The growth curve of the longest sprout on a tuher was

a classic sigmoid. In Arran Pilot maximum rate of growth

of the longest sprout occurred in general during the first

four weeks of the sprouting period. In the case of

Majestic when the sprouting was carried out during December

or before,the maximum growth rate of the longest sprout was

not attained until the second or third four week period

after sprouting and in the later sprouting treatment (i.e.

after December) maximum growth rate occurred during the

first four weeks of the sprouting period.

5. Previous treatment with T.O.N.B. had no effect on the

final growth of the longest sprout in light relative to no

T.O.N.B. treatment.

6. There was no advantage in sprouting earlier than

February in Arran Pilot for early plant emergence but delay

in sprouting until March resulted in a slower rate of plant

emergence compared with all earlier sprouting treatments.

In Majestic, longer periods of sprouting as early as

November or December resulted in earlier plant emergence in

comparison with the March sprouting, indicating the

advantage of a longer sprouting period in this variety.

In fact, there was a significant negative correlation in

Majestic between the number of days required to emerge and
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the longest sprout length, whereas in Arran Pilot the

correlation was not significant.

/
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Experiment 2. Effect of varying the period of storage of

seed tubers with T.G.N.B. or at low temperature (UO°F) on

subsequent sprouting in darkness and emergence in the field

after desprouting before planting.

RESULTS

A. Observations During Storage Period

(i) Sprout Numbers per Tuber

The number of sprouts produced at the end of the sprouting

period in darkness (23rd April) for the various treatments is

given in Table 19 and the analysis of variance of the results

in Appendix 18. Both variety and storage treatment and

their interaction were found to have significant effects.

Tubers of Arran Pilot sprouted continuously in darkness

from the beginning of the experiment produced fewer sprouts

than comparable tubers of Majestic but formed more sprouts

per tuber than Majestic in all cases where there was a delay

in sprouting following previous storage with T.G.N.B. or at

low temperature (Table 19). There was no significant

difference in the number of sprouts per tuber after

desprouting in March between varieties (Table 19)» In Arran

Pilot sprouting in October gave fewer sprouts per tuber than

all other treatments, whereas no significant difference was

found in Majestic comparing October sprouting with the

average of all other treatments (Table 20). Moreover,

previous storage with T.O.N.B. or at low temperature for

periods ranging from 31 to Hj-1 days gave more sprouts per
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TABLE 19

Effect of varying -periods of low temperature (1+0°F)
storage and of T.O.N.B. treatment on the number of
sprouts per tuber at the end of the sprouting period

in darkness (23rd April)

Tr.
No.

Storage Period from
19th October and

Date
of

Number of Sprouts per
tuber at the end of
the Sprouting Period

Storage Treatments Sprouting
Arran
Pilot Majestic Mean

1. Sprouted throughout
in darkness 22.10.59 1+.92 10.75 7.83

2. 31 days with T.O.N.B. 19.11.59 11+.25 11.00 12.62

3. 31 days at 1+0°F ff 13.50 9.92 11.71

1+. 57 days with T.G.N.B. 15.12-59 18.83 12.08 15.1+6

5. 57 days at i+0°P 15.67 9.17 1 2.1+2

6. 85 days with T.O.N.B. 12. 1.60 15.83 12.83 11+.33

7. 85 days at 1+0°F tt 11+.75 11.67 13.21

8. 113 days with T.G.N.B. 9. 2.60 22.75 15.1+2 19.09

9. 113 days at l+0°F 11 11+.58 11.75 13.17

10. 11+1 days with T.G.N.B. 8. 3.60 21+• 67 13.00 18.81+

11. 1l+1 days at i|.0oF 16.00 12.1+2 11+. 21

12. 11+1 days without
T.G.N.B. and then
desprouted and
sprouted in darkness 8. 3.60 9.67 12.1+2 11.05

Mean 15.1+5 11 .87

S.E. of Variety +0.338
S.E. of Treatment +0.828
S.E. of Treatment x Variety +1.17
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TABL3 20

Number of sprouts par tuber at the end of the
sprouting period in darkness for continuous

and delayed sprouting treatments

Storage Treatment
Arran
Pilot Majestic Mean

Sprouted tbrougbout in
darkness (Tr. 1) 4.92 10.75 7.83

Delayed sprouting (Tr. 2-12) 16.40 11.98 14.19

Difference -11.48 -1.23 -6.36

+1 CMCM• +0.86

TABLE 21

Number of sprouts per tuber at the end of the
sprouting period in darkness for desprouting

and for delayed sprouting treatments without desprouting

Storage Treatment
Arran
Pilot Majestic Mean

Sprouted in darkness after
desprouting on 8.3.60 (Tr. 12) 9.67 12.42 11.05

Sprouted in darkness at
intervals of four weeks from
19.11.59 to 8.3.60 without
desprouting (Tr. 2-11) 17.08 11.92 14.50

Difference -7.41 + 0.50 -3.45

+1 .23 +0.87
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TABLE 22

Number of sprouts per tuber at the end of the
sprouting period, stored with T.O.N.B. and at
1+0°? for varying periods before sprouting in

darkness

Period of Storage before
Sprouting in Darkness

w... At 40°F
m o i.e. No MeanT.C.N.B. T.O.N.B.

31 days, i.e. sprouted on
19.11.59 12.62 11.71 12.17

57 days, i.e. sprouted on
15.12.59 15.2+6 12.1+2 13.91+

85 days, i.e. sprouted on
12. 1.60 14.33 13.21 13.77

113 days, i.e. sprouted on
9. 2.60 19.09 13.17 16.13

141 days, i.e. sprouted on
8. 3.60 18.84 14.21 16.53

Mean 16.07 12.94

S.E. of Treatment with T.O.N.B. and no T.G.N.B. +0.370

S.E. of Time of Sprouting +0.58

S.E. of Time of Sprouting x Treatment with T.O.N.B. and
no T.G.N.B. +0.828
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Varietaldifferenceinsproutspertuber
PeriodofStoragebefore SproutinginDarkness

." ArranPilot

Majestic

At40°F
™i.e.NoMean

l.O.N.B.T.G.N.B.

At40°P i.e.NoMean
l.O.JN.B.T.G.N.B.

31days,i.e.sproutedon 19.11.59

14.2513.5013.88
11.09.9210.46

57days,i.e.sproutedon 15.12.59

18.8315.6717.25
12.089.1710.63

85days,i.e.sproutedon 12.1.60

15.8314.7515.29
12.8311.6712.25

113daysi.e.sproutedon 9.2.60

22.7514.5818.67
15.4211.7513.59

141daysi.e.sproutedon8.3.60

•

24.6716.0020.39
13.0012.4212.71

Mean

19.2614.90

12.8710.99

S.E.ofVarietyxTreatmentwithT.C.N.B.andnoT.C.N.B.+0.52 S.E.ofVarietyxTimeofSprouting+0.828 S.E.ofVarietyxTimeofSproutingxTreatmentwithT.G.N.B.andnoT.G.N.B. +1.17
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tuber at the end of the sprouting period than March

desprouting in Arran Pilot but no significant difference in

effect between desprouting and the average of other sprouting

treatments was found in Majestic (Table 21).

In comparing the effect of T.G.N.B. treatment with that

of storage at low temperature, it is shown in Table 22 that

the T.O.N.B. treatments gave rise to significantly more

sprouts per tub6r. This effect, however, was much more

marked in Arran Pilot (Table 23),

Delay in the time of sprouting by previous storage with

T.C.N.B. or at low temperature resulted in an increase in the

number of sprouts produced per tuber, more especially with

prolonged delay (Table 22) but the extent of the increase was

much greater following T.G.N.B. treatment and in the variety

Arran Pilot (Table 23).

In order to estimate to what extent variations in the

numbers of sprouts per tuber were related to changes in the

number of sprouts developed from eyes, the number of sprouted

eyes per tuber and the mean number of sprouts per eye have

been taken into account.

(ii) Number of Sprouted Eyss per Tuber

The number of eyes per tuber which produced sprouts at

the end of the sprouting period in darkness (23rd April) for

the various treatments is shown in Table 2i+ and the analysis

of variance of the data is given in Appendix 19*

It may be seen from Table 2l+ that tubers of Arran Pilot
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TABLE 24

Effect of varying periods of low temperature (40°F)
storage and of T.C.N.B. treatment on the number of
sprouted eyes per tuber at the end of the sprouting

period in darkness (23rd April)

Tr.
No.

Storage Period from
19th October and
Storage Treatments

Date
of

Sprouting

!

Number of Sprouted
Eyes per Tuber at the
end of the Sprouting

Period

Arran
Pilot Majestic Mean

1. Sprouted throughout
in darkness 22.10.59 4.17 6.75 5-46

2. 31 days with T.G.N.B. 19.11-59 7.92 7.50 7.71

3- 31 days at i+0°P n 7.67 7.75 7.71

4. 57 days with T.O.N.B. 15.12.59 8.08 8.75 8.42

5. 57 days at 1+0°P it 8.67 6.00 7.34

6. 85 days with T.G.N.B. 12. 1.60 7.42 7.83 7.63

7. 85 days at 1+0°P tf 8.17 6.75 7-46

8. 113 days with T.O.N.B. 9. 2.60 8.08 8.00 8.04

9- 113 days at 1+0°P » 8.75 7.33 8.04

10. 11+1 days with T.G.N.B. 8. 3.60 9.50 6.92 8.21

11. 11+1 days at 1+0°P !» | 8.92I
7-92 8.41

12. 11+1 days without
T.G.N.B. and then
desprouted and
sprouted in darkness 8. 3.60

I

8.00 8.00 8.00

Mean 7.95 7.46

S.E. of Variety +0.13
S.E. of Treatment +0.32
S.E. of Treatment x Variety +0.1+57
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sprouted throughout the storage period gave fewer sprouted

eyes per tuber than Majestic but showed a greater response

to other treatments (related to T.G.N.B. and low temperature

storage) and on average gave more sprouted eyes per tuber.

There was no difference in the number of eyes which

developed sprouts between tubers desprouted in March and

the average number developed on tubers from other storage

treatments (T.G.N.B. and low temperature) which involved

delay in the time of sprouting in either variety (Table 25).

TABLE 25

Number of sprouted eyes per tuber at the end of
the sprouting period for desprouting and for

delayed sprouting treatments

Storage Treatment
Arran
Pilot Majestic Mean

Sprouted in darkness after
desprouting on 8. 3«60
(Tr. 12) 8.00 8.00 8.00

Sprouted in darkness at
intervals of four weeks
from 19.11.59 to 8.3.60
without desprouting
(Tr. 2-11)

"

8.31 7.U7 7.89

Difference -0.31 +0.53 +0.11

+0.1+8 +0.3^

No difference was found in comparing the effect of

T.G.N.B. with low temperature storage prior to sprouting
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TABLE 26

Number of sprouted eyes per tuber at the end of
the sprouting period, stored with T.C.N.B. and
at 1+0°]? for varying periods before sprouting: in

darkness

Period of Storage before
Sprouting in Darkness

At 1+0°F
J»1™1 i.e. No Mean

31 days, i.e. sprouted on
19.11.59 7.71 7.71 7.71

57 days, i.e. sprouted on
15.12.59 8.i+2 7.3k 7.88

85 days, i.e. sprouted on
12. 1.60 7.63 7.1+6 7.5k

113 days i.e. sprouted on
12. 1.60 8,0k 8.01+ 8.01+

11+1 days i.e. sprouted on
8. 3.60 8.21 8.1+1 8.31

Mean 8.00 7.79

S.E. of Treatment with T.G.N.B. and no T.G.N.B. +0.11+

S.E. of Time of Sprouting +0.228

S.E. of Time of Sprouting x Treatment with T.G.N.B. and
no T.G.N.B. +0.32
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TABLE27

Varietaldifferenceinsproutedevesper"tuber
PeriodofStorageBefore SproutinginDarkness

ArranPilot

Majestic

At1+0°P i.e.NoMean
l.G.D.B.t.g.N.B.

At1+0°P

mRNoMeani.o.+N.B.T>0#N>B.

31days,i.e.sproutedon 19.11.59

7.927.677.79
7-507.757.62

57days,i.e.sproutedon 15.12.59

8.088.678.37
8.756.007.37

85days,i.e.sproutedon 12.1.60

7.1+28.177.79
7.836.757.29

113daysi.e.sproutedon 9.2.60

8.088.758.1+1
8.007.337.66

11+1daysi.e.sproutedon 8.3.60

9.508.929.21
6.927-927.1+2

Mean

8.208.1+1+

7.807.15

S.E.ofVarietyxTreatmentwithT.G.N.B.andnoT.C.N.B.+0.20 S.E.ofVarietyxTimeofSprouting+0.32 S.E.ofVarietyxTimeofSproutingxTreatmentwithT.C.N.B.andnoT.G.N.B. +0.U57
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taking the average of variety and different times of

sprouting and also there was no general effect of time of

sprouting on the number of eyes which developed sprouts

(Table 26).

There was, however, an interaction effect between

variety, time of sprouting and storage treatment. In

Arran Pilot tubers stored with T.G.N.B. until March (141

days) formed a significantly greater number of sprouted

eyes per tuber at the time of planting than those stored

with T.O.N.B. for shorter periods, but the differences

among November, December, January and February sprouted

tubers were not significant. Tubers stored at low

temperature (i4-0°F) until March formed a significantly

greater number of sprouted eyes per tuber than those

sprouted during November but no other differences were

significant for the different times of storage at low

temperature (Table 27).

In Majestic there appeared to be no general trend in

the effects of time of sprouting or in comparing T.O.N.B.

with low temperature storage treatment. Storage with

T.O.N.B. or at low temperature for 57 days does appear,

however, to have given anomalous results and it is

difficult to explain why the figures should be relatively

high in the case of T.O.N.B. treatment and low in the case

of low temperature storage treatment (Table 27).
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TABLE 28

Effect of varying -periods of low temperature (1+0 °F)
storage and of T.C.N.B. treatment on the number of

sprouts per eye

Tr. Storage Period from
19th October and

Date
of

Number of Sprouts per
eye at the end of
the Sprouting Period

No. Storage Treatments Sprouting
Arran
Pilot Majestic Mean

1. Sprouted throughout
in darkness 22.10.59 1.17 1.60 1.39

2. 31 days with T.G.N.B. 19.11-59 1.81 1.1+8 1.65

3. 31 days at l+0°F It 1.76 1.27 1.52

1+. 57 days with T.G.N.B. 15.12.59 2.36 1.39 1.88

5. 57 days at l+0°F 1.83 1.1+8 1.66

6. 85 days with T.G.N.B. 12. 1.60 2.12 1.62 1.87

7. 85 days at 1+0°F
'

" 1.77 1.72 1.75

8. 113 days with T.G.N.B. 9. 2.60 2.82 1.92 2.37

9. 113 days at 1+0°F .. 1.66 1.61 1.61+

10. 11+1 days with T.G.N.B. 8. 3.60 2.60 1.85 2.23

11. 11+1 days at l+0°F U 1.78 1.58 1.68

12. 11+1 days without
T.G.N.B. and then
desprouted and
sprouted in darkness 8. 3.60 1.22 1.55 1.39

Mean 1.91 1.59

S.E. of Variety +0.028
S.E. of Treatment +O.O69
S.E. of Treatment x Variety +O.O99
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TABLE 29

Number of sprouts per eye at the end of the
sprouting period in darkness for continuous

and delayed sprouting treatments

I
I

Storage Treatment
Arran
Pilot Majestic Mean

Sprouted throughout in
darkness (Tr. 1) 1.17 1.60 1.39

|
Delayed sprouting (Tr. 2-12) 1.97 1.59 1.78

Difference -0.80 + .01 -0.39

+0.10 +0 • 0 "7

TABLE 50

Number of sprouts per eye at the end of the
sprouting period in darkness for desprouting; and

for delayed sprouting treatments

I
I

Storage Treatment
.

Arran
Pilot Majestic Mean

I

Sprouted in darkness after
desprouting on 8.3.60
(Tr. 12) 1.22 1.55 1.39

Sprouted in darkness at
intervals of four weeks
from 19.11.59 to 8.3.60
without desprouting
(Tr. 2-11) 2.05 1.59 1.82

Difference -0.83 -0.04 -0.U7

+0.10 ±0.07
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(iii) Number of Sprouts per Bye

The effects of the various storage treatments on the

average number of sprouts developed per eye at the end of

the sprouting period (23rd April) in darkness is given in

Table 28 and the analysis of variance of the results is

shown in Appendix 21.

It can be seen from Table 28 that Arran Pilot produced

more sprouts p6r eye (average for all treatment) than

Majestic. However, this difference can be attributed to

the greater effect of delayed storage on the early variety

and it maybe noted that Majestic tubers sprouted through¬

out or desprouted before the sprouting treatment started

actually gave a greater number of sprouts per eye than

Arran Pilot. Thus in comparison with sprouting throughout

a significant increase from all other treatments in number

of sprouts per eye was found only in Arran Pilot (Table 29)

and it was again only in this variety that delayed sprouting

gave on average a greater number of sprouts per eye than

the desprouting treatments (Table 30).

In comparison with low temperature storage, T.G.N.B.

treatments resulted on average in a greater number of

sprouts per eye (Table 31). This effect at different

times of sprouting was more consistent in Arran Pilot where

significant increases from T.C.N.B. treatment were found

from December onwards whereas in Majestic the differences

were only significant when the storage period previous to

sprouting continued until February onwards (Table 32).
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TABLE 31

Number of sprouts per eye at the end of the
sprouting period for tubers stored at l+0°ff and
after T.C.N.6. treatment for varying periods

before sprouting in darkness

Period of Storage before
Sprouting in Darkness

.

...... At U0°P
T ON R i,e* No Meani.O.N.B. T.C.N.B.

31 days, i.e. sprouted on
19.11«59 1.65 1.52 1.58

57 days, i.e. sprouted on
15. 12.59 1.88 1.66 1.77

85 days, i.e. sprouted on
12. 1.60

i

1.87 1.75 1.81

113 days i.e. sprouted on
9. 2.60 2.37 1.61+ 2.00

1l+1 days i.e. sprouted on
8. 3.60 2.23 1.68 1.95

Mean 2.00 1.65

S.E. of Treatment with T.O.N.B. and no T.C.N.B. +0.03

S.E. of Time of Sprouting +0.01+9

S.E. of Time of Sprouting x Treatment with T.O.N.B.
and no T.O.N.B. +0.069
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Varietaldifferenceinsproutspgre.ye
PeriodofStorageBefore SproutinginDarkness

ArranPilot

Majestic

At40°F
Withn0Mean T.O.N.B.T.O.N.B.

WithAt^°°P
m!!„„i.e.NoMean .T.O.N.B.T.O.N.B. I |

31days,i.e.sproutedon 19.11.59

.

1.811.761.78
:

;1.U81.271.37

57days,i.e.sproutedon 15.11.59

2.361.832.09
i

1.391.481.43

85days,i.e.sproutedon 12.1.60

2.121.771.95
1.621.721.67

113daysi.e.sproutedon 9.2.60

2.821.662.24
1.921.611.76

141daysi.e.sproutedon 8.3.60

2.601.782.19
1.851.581.71

Mean

2.3k1.76

1.651.53

S.E.ofVarietyxTreatmentwithT.C.N.B.andnoT.C.N.B.+0.04 S.E.ofVarietyxTimeofSprouting+O.O69 S.E.ofVarietyxTimeofSproutingxTreatmentwithT.C.N.B.andnoT.O.N.B. ±0.099
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Increasing the period of delay before sprouting

tended to cause an increase in the number of sprouts per

eye and the main effects were significant when comparing

November sprouting with all later times of sprouting and

in comparing December and January sprouting with sprouting

commenced in February and March (Table 31)• There was,

however, a significant interaction between variety and

storage treatments and time of sprouting and effects were

much more marked with T.O.N.B. treatment and in Arran

Pilot. Thus Arran Pilot tubers previously treated with

T.O.N.B. and sprouted during December and January formed a

significantly greater number of sprouts per eye than those

sprouted during November, and similarly tubers sprouted

during February and March formed a significantly greater

number of sprouts per eye than those sprouted during

November, December and January. With low temperature

storage, however, there was no significant difference in

number of sprouts per eye between November, December,

January, February and March sprouted tubers (Table 32).

In Majestic longer periods of storage with T.O.N.B.

until February and March resulted in a significantly

greater number of sprouts per eye than those stored until

November, December and January. With low temperature

storage, tubers sprouted during November formed a

significantly smaller number of sprouts per eye than those

sprouted during January, February and March (Table 32).
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TABLE 35

Effect of varying -periods of low temperature (40°F)
storage and of T.O.N.B. treatment on sprout weight

Tr.

Wo.

Storage Period from
19 th October and
Storage Treatments

:

Date
of

Sprouting

J - — " " " "

Sprout weight as per¬
centage of final
weight of potato at
end of sprouting
period in darkness

Arran
Pilot Majestic Mean

1. Sprouted throughout
in darkness 22.10.59 50.85 17.68 34.26

2. 31 days with T.O.N.B. 19.11.59 51.83

52.02

22.89 37.36

3. 31 days at 40°F t! 21.16 36.59

4. 57 days with T.G.N.B. 15.12.59 41.97 19-43 30.70

5. 57 days at 40 °F «» 54.70 27.52 41.11

6. 85 days with T.O.N.B. 12. 1.60 22.36 12.37 17.37

7. 85 days at 40°F "

i
31.78 14.79 23.28

8. 113 days with T.O.N.B. 9. 2.60 17.93 8.73 13.33

9. 113 days at 40°F » 19.03 6.73 12.88

10. 141 days with T.O.N.B. 8. 3.60 12.35 6.24 9.29

11. 1'41 days at 40 °F "

[
|
12.87 5.92 9.40

12. 141 days without
T.G.N.B. and then
desprouted and
sprouted in darkness

1
8. 3.60

:
17.17 4.77 10.97

L

Mean
l 32.07 14.01

S.E. of Variety +0.586
S.S. of Treatment +1 .437
S.E. of Treatment x Variety +2.03
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(iv) Sprout Weight

Before planting, tubers were desprouted and the sprout

weight has been expressed as a percentage of the final

weight of the mother tuber (Table 33)« The analysis of

variance of the data is given in Appendix 22.

Arran Pilot, a vigorous sprouting variety, showed a

significantly greater amount of sprout growth at the time

of planting than Majestic, a slow sprouting variety, from

all comparable treatments (Table 33)«

Delay in the time of sprouting resulted,on average, in

a smaller weight of sprouts at the end of the sprouting

period than continuous sprouting throughout the storage

period (Table 34) • However, in Arran Pilot tubers sprouted

TABLE 3k

Sprout weight as percentage of final weight of
potato at the end of the sprouting period in
darkness for continuous and delayed sprouting

treatments

Storage Treatment
Arran
Pilot Majestic Mean

Sprouted throughout in dark-
ness (Tr. 1) 50.85 17.68 34.26

Delayed sprouting (Tr. 2-12) 30.36 13.86 22.02

Difference +20.k9 +3.82 +12.24

+2 .12 + 1.50
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throughout in darkness did not give a greater relative

sprout weight per tuher than those sprouted after 31 days

with T.O.N.B. or at i+0°P and 57 days at low temperature.

In Majestic, tubers sprouted throughout did not show a

greater sprout weight than those sprouted after 31 days and

57 days irrespective of T.C.N.B. treatments (Table 33).

It seems that initially dormant tubers did not form a

greater quantity of sprouts during sprouting in darkness

compared with those sprouted after 31 or 57 days. Burton

(1952c) also reported that the weight of sprouts produced

by the non-dormant tubers after 73 days at 10°G was six times

as great as that produced after 105 days by tubers

initially dormant.

The desprouting treatment resulted in a smaller

weight of sprouts than the average of other storage treat¬

ments (Table 35) but in Arran Pilot a greater amount of

sprout growth was produced from desprouted tubers than from

tubers sprouted at the same time after previous storage at

low temperature or with T.C.N.B. (Table 33). Thus in

Arran Pilot desprouted tubers which had shown active sprout

growth formed a greater weight of sprouts during second

sprouting in darkness compared with tubers stored at 1+0°P
or with T.C.N.B. where sprout growth had been suppressed and

the dormant period prolonged. In Majestic, on the other

hand, tubers were in a less active growth condition at the

time of desprouting which may be related to the longer

period of dormancy on this variety and hence the
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TABLE 55

Sprout weight as percentage of final weight of

potato at the end of the sprouting period in
darkness for desprouting and for delayed

sprouting treatments

Storage Treatment
Arran ... , .

Pilot Majestic Mean

Sprouted in darkness after
desprouting on 8.3»60
(Tr. 12) 17.17 k.77 10.97

Sprouted in darkness at
intervals of four weeks from
19« 11 *59 to 8.3.60 without
desprouting (Tr. 2-11) 31.68 14.58 23.13

-14.51 -9.81 -12.16

±2.15 + 1.50

physiological condition of the tubers probably differed

little from those of tubers held at l|.0oF or with T.C.N.B.

treatment.

Tubers stored at UO°F without T.C.N.B. before sprouting

in darkness had a significantly greater relative sprout

weight than those stored with T.O.N.B. (Table 36). For the

different times of sprouting, however, the effect was only

significant with tubers sprouted in December and January.

Table 36 also illustrates the trend towards a reduction in

sprout weight with longer period of storage.

With regard to the effect of time of sprouting in the
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TABLE 56

Sprout weight as percentage of final weight of
tuber at the end of the sprouting period for

tubers stored at UO°F and after T.C.N.B. treatment
for varying periods before sprouting in darkness

Period of Storage before
Sprouting in Darkness

At U0°F
T pwn i,Q* No Meanl.U.N.B. T.O.N.B.

.

31 days, i.e. sprouted on
19.11.59 37-36 36.59 36.97

57 days, i.e. sprouted on
15.12.59 30.70 U1.11 35.90

85 days, i.e. sprouted on
12. 1.60 17.37 23.28 20.32

113 days i.e. sprouted on
9. 2.60 13.33 12.88 13.10

1U1 days i.e. sprouted on
8. 3.60 9.29 9.U0 9-3U

Mean 21.61 2U.65
!

S.E. of Treatment with T.O.N.B. and no T.C.N.B. +0.6U

S.E. of Time of Sprouting +1.016

S.E. of Time of Sprouting x Treatment with or without
T.G.N.B. +1.1*37
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Sproutweightaspercentageoffinalweightoftuberattheendof sproutingperiodofArranPilotandMa.iestiotubersstoredfor differentperiodswithorwithoutT.C.N.B.beforesproutingindarkness
PeriodofStorageBefore SproutinginDarkness

ArranPilot

Majestic

At40°P
Withi.e.NoMean T.G.N.B.T.O.N.B.

At40°P
p1R̂i.e.NoMean i.O.N.B.T.O.N.B.

31days,i.e.sproutedon 19.11-59

51.8352.0251.92
22.8921.1622.02

57days,i.e.sproutedon 15.12.59

.

41.9754.7048.33
19.4327.5223.47

85days,i.e.sproutedon 12.1.60

22.3631-7827.07
12.3714.7913.58

113daysi.e.sproutedon 9.2.60

17.9319.0318.48
8.736.737.73

141daysi.e.sproutedon 8.3.60

12.3512.8712.61
6.245.926.08

Mean

29.2934.08

13.9315.22

S.E.ofVarietyxTreatmentwithT.G.N.B.andnoT.G.N.B.+0.908 S.E.ofVarietyxTimeofSprouting+1.437 S.E.ofVarietyxTimeofSproutingxTreatmentwithT.G.N.B.andnoT.G.N.B. +2.03
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two varieties, it can be seen from Table 37 that in Arran

Pilot for each month's delay in sprouting after December

there was a significant reduction in relative sprout

weight. In Majestic a similar trend was shown but the

differences between November and December and between

February and March sprouting respectively were not

significant.

Although there was a reduction in the relative weight

of sprouts with delay in sprouting, it may be seen from

Table 38 that the vigour of sprout growth (assessed as the

total length of sprouts per tuber) during the first four

weeks of sprouting increased with the age of the tuber

over the period October to February.

TABLE 38

Effect of time of sprouting in darkness on the
vigour of sprout growth

Storage Period before
Sprouting in Darkness

Growth in total
sprout length
(mm) during the
first four weeks
of sprouting in

darkness

Arran
„ . , .

Pilot Majestic

Mean

Sprouted from the beginning
i.e. sprouted in October 83 0 2.41

31 days i.e. sprouted in
112.46 60.27November 8.08

57 days i.e. sprouted in
December 130.50 25.58 78.04

85 days i.e. sprouted in
156.25January 35.50 95.87

113 days i.e. sprouted in
February 473.61 104.83 289.22
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B. Rate of Plant Emergence

The percentage of plant emergence at successive dates

after planting is shown in Appendix 23. The results for

average number of days to emergence for plants that did

emerge and the percentage blanking on the final date of

counting, 55 days after planting, are summarised in Table

39. It may be seen from Table 39 that prolonged periods

of sprouting before desprouting had an adverse effect on the

final emergence in Arran Pilot and gave incomplete plant

stand in all cases where sprouting commenced before January.

The mean "Germination Rate Index" for different

storage treatments and the analysis of variance of the

results are shown in Table 40 and Appendix 24 respectively.

The effect of variety, treatment with T.C.N.B. and

time of sprouting from low temperature and T.O.N.B. on

"Germination Rate Index" was significant (Appendix 24).
These effects might all be related,at least in part,to

influence of degree of sprout loss. Thus Majestic,which

produced lower sprout weight (average of all treatment) at

the time of desprouting (Table 33) emerged earlier than

Arran Pilot (Table 39 and 40). Again delay in sprouting

in darkness which reduced the sprout loss (Table 36)

resulted in earlier plant emergence (Table 41). Similarly,

treatment with T.O.N.B. before sprouting in darkness

tended to result in a smaller amount of sprout development

(Table 36) than storage at 40°P, and consequently plant

emergence was earlier in the former case (Table 41)• In
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Effectofvaryingperiodsofsproutingindarknessand desproutingatthetimeofplantingontheaveragenumber ofdaystoplantemergenceand-percentage"blanking
Tr. No.

StoragePeriodfrom Octoberand

Date of

Averagenumber ofdaysto
PlantEmergence

Percentage Blanking

StorageTreatments
Sprouting

Arran Pilot

Majestic
Arran Pilot

Majestic

1.

Sproutedthroughoutin darkness

22.

10.59

29.17

21+.67

25.00

0.00

2.

31dayswithT.G.N.B.
19.

11.59

UJ

—S.

.

O

O

26.33

1+1.66

0.00

3.

31daysat1+0°F

a

29.12

28.17

1+1.66

0.00

1+.

57dayswithT.G.N.B.
15.

12.59

26.01+

23»66

8.33

0

0

•

0

5.

57daysat1+0°F

ff

32.1+2

26.92

1+1.60

0.00

f

6.

85dayswithT.G.N.B.
12.

1.60

21+.25

IV)

•

CT\

0.00

0.00

7.

85daysat1+0°F

ti

26.25

25.50

0.00

0.00

1

8.

113dayswithT.G.N.B.
9.

2.60j
21.1+1+

23.25

0.00

0.00

9.

113daysat1+0°F

«

26.16

25.25

0

0

•

0

0.00

10.

1l+1dayswithT.G.N.B.
8.

3.60

21.33

22.66

0.00

0.00

11.

11+1daysat1+0°F

If

25.00

23.58

0.00

0.00

12.

1l+1dayswithout T.G.N.B.andthen desproutedand sproutedindarkness
8.

3.60

25.17

! i

23.08

0.00

0

0

0

0

Mean

26.1+1+

21+.52
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TABLE 40

Effect of varying periods of sprouting in darkness
and desprouting at the time of planting on the

"Germination Rate Index"

Tr.
No.

Storage Period from Date
Germination Rate Index

19th October and
Storage Treatments

of
Sprouting Arran

Pilot Majestic Mean

1. Sprouted throughout
in darkness 22.10.59 0.556 0.704 O.63O

2. 31 days with T.G.N.B. 19.11.59 0.500 0.649 0.574

3. 31 days at 40°F tt 0.556 0.593 0.574

4. 57 days with T.G.N.B. 15.12.59 0.662 0.732 0.697

5. 57 days at 40°F tt 0.454 O.630 0.542

6. 85 days with T.G.N.B. 12. 1.60 0.713 0.806 0.749

7. 85 days at 40 °F tl 0.639 O.676 0.657

8. 113 days with T.G.N.B. 9. 2.60 0.806 0.741 0.773

9. 113 days at 40°F tt 0.658 0.686 0.672

10. 141 days with T.G.N.B. 8. 3.60 0.778 0.760 O.769

11. 141 days at 40°F 1» 0.695 0.732 0.713

12. 1^1 days without
T.G.N.B. and then
desprouted and
sprouted in darkness 8. 3.60

"

!

0.686 0.750 0.718

Mean 0.642 0.705

S.E. of Variety +0.0117
S.E. of Treatment +0.0357
S.E. of Treatment x Variety +0.050
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TABLE 41

"Germination Rate Index" for tubers stored at

40°F and with T.G.N.B. for varying periods "before
sprouting in darkness and desprouted at the time

of planting

Period of Storage before
Sprouting in Darkness

With At^i.e. No Mean
i.G.N.B. t.g.n.B.

31 days, i.e. sprouted on
19-11.59 0.574 0.574 0.574

I

57 days, i.e. sprouted on
15.12.59 0.697 0.542 0.619

85 days, i.e. sprouted on
12. 1.60 0.759 0.659 0.708

113 days i.e. sprouted on
9. 2.60 0.773 0.672 0.722

141 days i.e. sprouted on
8. 3-60 O.769 0.713 0.7^1

Mean 0.714 0.632

S.E. of Treatment with T.G.N.B. and no T.G.N.B. +0.0159

S.E. of Time of Sprouting +0.0178

S.E. of Time of Sprouting x Treatment with or without
T.G.N.B. +0.0357
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relating rate of plant emergence with previous sprout loss,

a significant negative correlation was found in both Arran

Pilot (r = -O.890) and Majestic (r = -O.673) between sprout

loss expressed as a percentage of final weight of the

tuber and the "Germination Rate Index" (Pig. 7 A and B).
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(J.. DISCUSSION

EXPERIMENT 2

When sprouting was carried out in darkness the number

of sprouts which developed was again found to depend on the

time of sprouting following varying periods of storage at

low temperature with or without T.C.N.B. As in the case

of sprouting in light in Experiment 1, delay in time of

sprouting caused an increase in the number of sprouts per

tuber and again this may be related to the concept of apical

dominance (Appleman 1925, Kawakami 1953) during the early

sprouting phase of the tuber followed by a multiple

sprouting condition (Bushnell 1929, Toosey 1959, Hiele

1961). This trend towards an increase in sprout numbers

per tuber with delay in sprouting was found in both

varieties but was less marked in Majestic, which shov/ed in

general a smaller range of variation in sprout numbers

resulting from the various treatments compared with Arran

Pilot. As with delayed sprouting in light, the increased

numbers of sprouts per tuber with delay in sprouting in

darkness was due in part to an increase in the number of

eyes which developed sprouts but mostly to the increase in

sprouts per eye. The most marked increases in sprout

numbers were found in Arran Pilot following prolonged

storage (October to February or March) with T.G.N.B.and

this was related primarily to the large number of sprouts

produced per eye, giving a result similar to that when
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sprouting was carried out in light.

While sprout numbers tended to increase with the delay

in sprouting, the weight of sprouts developed at the end of

the sprouting period decreased with the shorter periods of

sprouting, as would he expected. Exceptions did occur,

however, with the earlier sprouting treatments. Thus

tubers of both varieties sprouted after 31 days with or

without T.O.N.B. and 57 days without T.C.N.B., and 57 days

with T.O.N.B. in the case of Majestic tended to give a

greater relative sprout weight than those sprouted through¬

out in darkness. The smaller sprout weight (expressed as

a percentage of the final tuber weight) in tubers sprouted

from the beginning of the storage period (i.e. for 181+

days) compared with those sprouted after 31 days (i.e.

sprouting period 156 days) or 57 days (sprouting period 130

days) may be related to the initial dormant condition of

the tuber in the former case. These results support the

evidence of Burton (1952c) who found that the weight of

sprouts produced by non-dormant tubers after 73 days at 10°G

was six times as great as that produced after 105 days by

tubers initially dormant.

In comparing T.C.N.B. and no T.O.N.B. treatments

(averaged for variety and time of sprouting) tubers stored

with T.O.N.B. gave a smaller relative sprout weight than

those stored without T.O.N.B. While treatment with T.G.N.B.

tended to retard subsequent sprout growth, the effect was

not marked and significant differences in favour of no
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T.C.N.B. treatment for greater relative sprout weight were

only found in Arran Pilot when tubers were sprouted during

December and January and in Majestic for tubers sprouted

in December, but in all other comparisons the differences

in sprout weight between comparable T.O.N.B. and no T.O.N.B.

treatments were not significant.

Although in both varieties there was a reduction in

the relative sprout weight at the end of the sprouting

period with delay in sprouting, the vigour of sprout growth

(assessed as the total length of sprouts per tuber) during

the first four weeks of sprouting increased with the age of

the tuber over the period of observations from October to

February, and these results are in agreement with those of

Krijthe (1958) who showed that from the time of lifting

onwards to a certain stage of life the germinating power of

the potato tuber increased with the age of the tuber.

In both varieties there was a significant negative

correlation between sprout loss (expressed as a percentage

of the final weight of the tuber) and the "Germination Rat6

Index". Moreover, prolonged periods of sprouting in dark¬

ness before desprouting had an adverse effect on final

emergence in Arran Pilot and gave an incomplete plant

stand, where sprouting commenced before January and

sprout losses exceeded 40$ (sprouts as percentage of final

weight of tuber). In Majestic where sprout losses did not

exceed 27.5$ complete plant stands were found.

Earlier emergence associated with delay in sprouting
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in darkness (averaged for variety and treatment with

T.C.N.B.) may "be related to a decrease in sprout loss with

later sprouting. However, the results showed that

differences in rates of plant emergence between tubers

sprouted during January, February and March (averaged for

variety and treatment with T.O.N.B.) and desprouted at

the time of planting, were not significant which suggests

that sprout losses up to 20.3^ had no significant effect

on the rate of plant emergence.
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D> CONCLUSIONS

EXPERIMENT 2

In Experiment 2 studies were carried out on the effect

of varying periods of storage of seed tubers with T.C.N.B.

or at low temperature on subsequent sprouting in darkness

and plant emergence in Arran Pilot and Majestic after

desprouting before planting.

1. Delaying the time of sprouting by prolonging the

period of storage at low temperature with or without

T.G.N.B. until January before sprouting in darkness resulted

in an increase in sprout number, but with further delay in

sprouting until February or March the increase in sprout

number was less marked in no T.G.N.B. treatment, whereas

T.C.N.B. treated tubers continued to give a larger number

of sprouts. This trend towards an increase in sprout

number with delay in sprouting was found in both varieties

but was less marked in Majestic which showed in general a

smaller range of variation in sprout numbers resulting from

different treatments compared with Arran Pilot.

2. The increased sprout numoers with delay in sprouting in

darkness was due in part to an increase in the number of

eyes which developed sprouts but mostly to the increase in

sprouts per eye.

3. As with sprouting in light, tubers of Arran Pilot

stored over prolonged periods (October to February or March)
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and previously treated with T.C.N.B. during storage at low

temperature resulted subsequently in a marked increase in

sprout number at the end of sprouting period in darkness

over those stored without T.O.N.B. This effect of

T.C.N.B. was not found in Majestic.

I4. Treatment with T.C.N.B. before sprouting in darkness

tended to retard subsequent sprout growth; the effect was

not marked and significant differences in favour of no

T.C.N.B. treatment for greater growth of sprout were only

found in both varieties when tubers were sprouted in

December and in Arran Pilot sprouted in January.

5. The vigour of sprout growth (i.e. growth of sprout in

total length during first four weeks of sprouting in dark¬

ness) increased with the age of the tuber over the period

of observation from October to February.

6. A significant negative correlation between the amount

of sprout loss and the rate of plant emergence was noted.

However, a sprout loss up to 20.3$ (averaged for varieties)
had no significant effect on the rate of plant emergence.

7. Arran Pilot gave an incomplete plant stand where

sprouting in darkness commenced before January and sprout

losses exceeded b0%, whereas in Majestic where sprout

losses did not exceed 27.5$ full plant stands were obtained

in all cases.
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Experiment 3. Effect of desprouting after varying periods

of storage on sprouting in light or darkness and on plant

emergence in the field.

RESULTS

A. Observations during Storage Period

(i) Number of Sprouts per Tuber

The number of sprouts per tuber recorded at the end

of the sprouting period (21+th April) for the various

treatments are shown in Appendix 28. Prom the analysis

of variance of the data effects of time of desprouting and

light were found to be significant.

Tubers sprouted in light (average of varieties and

time of desprouting) formed a significantly greater number

of sprouts per tuber than those sprouted in darkness

(Table k2). However, a significant difference in favour

of sprouting in light for a greater number of sprouts was

found when apical eyes were removed and sprouted throughout.

In considering the effect of time of desprouting, it

was found that tubers desprouted after 123 and 137 days of

sprouting in darkness formed a significantly greater number

of sprouts per tuber irrespective of whether resprouting

was carried out in light or darkness than those sprouted

throughout with or without apical eyes (Table b2). No

significant difference in effect was found between the

different times of desprouting (Table k-2). However,

varieties did respond differently to the treatments. Arran
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TABLE 42

Effect of desprouting after varying periods of
storage on the number of sprouts per tuber at the
end of the sprouting period in light and darkness

(24th April)

Storage Treatment Commencing
from 22nd October

Light Darkness Mean

Sprouted throughout in 8.13 7.30 7-71

Apical eyes removed and sprouted
throughout in 9.96 5.88 7.92

Sprouted in darkness for 123 days
and then desprouted and
resprouted in 12.00 10.58 11.29

Sprouted in darkness for 137
days and then desprouted and
resprouted in 13.17 11.42 12.29

Mean 10.81 8.79

S.E. of Light and Darkness +0.106
S.E. of Time of Desprouting +0.150
S.E. of Time of Desprouting x Light and Darkness

+0.67

Pilot tubers desprouted after 123 and 137 days of sprouting

in darkness gave rise to a significantly greater number of

sprouts per tuber at the end of the sprouting period than

those sprouted continuously or following removal of apical

eyes at the beginning of the sprouting period. On the

other hand, in Majestic there was no significant difference



130

TABLE 43

Effect of time of desprouting on the number of
sprouts per tuber in Arran Pilot and Majestic at
the end of the sprouting period (24th April)

Storage Treatment Commencing
from 22nd October

Arran
Pilot Majestic

Sprouted throughout 7.00 8.42

Apical eyes removed and sprouted
throughout 5.79 10.04

Sprouted in darkness for 123 days
and then de sprouted and resprouted 12.12 10.43

Sprouted in darkness for 137 days
and then desprouted and resprouted 13.41 11.16

S.E. of Variety x Time of Desprouting +O.67

"between the effects of removal of eyes at the beginning and

desprouting after 123 or 137 days storage although tubers

from both desprouting treatments gave more sprouts than

intact tubers sprouted from the beginning of the experiment.

Arran Pilot tended to form fewer sprouts after removal of

apical eyes than Majestic but desprouting after 123 and

137 days of sprouting in darkness gave slightly more sprouts

in comparison with Majestic (Table 43).

In order to estimate to what extent variation in the

number of sprouts per tuber was related to changes in the

number of eyes which produced sprouts or in the number of
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TABLE bk

Effect of desprouting after varying periods of
storage on the number of sprouted eyes "per tuber at

the end of the sprouting period in light and
darkness (2Uth April)

Storage Treatment Commencing
from 22nd October

' 1

j
Light Darkness Mean

Sprouted throu^aout in 6.58 5.87 6.23

Apical eyes removed and
sprouted throughout in 7.17 k.k2 5.79

Sprouted in darkness for 123
days and then desprouted and
resprouted in 7.83 7.25 7.5b

Sprouted in darkness for 137
days and then desprouted and
resprouted in 7.95 7.5b 7.7b

Mean
I

7-38 6.27

S.E. of Light and Darkness +O.196
S.E. of Time of Desprouting +0.278
S.E. of Time of Desprouting x Light and Darkness

±0.39

sprouts developed from eyes, the number of sprouted eyes

per tuher and the mean number of sprouts per eye have been

taken into account.

(ii) Number of Sprouted Eyes per Tuber

The effect of different treatments on th.6 number of

sprouted eyes per tuber at the end of the sprouting period
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(22+th April) and the analysis of variance of the data are

shown in Appendix 30 and Appendix 31 respectively.

Tubers sprouted in light gave rise to a greater number

of sprouted eyes per tuber, irrespective of the time of

desprouting, than those sprouted in darkness. However,

the increases were only significant when sprouting

continued throughout the storage period after removal of

apical eyes (Table 2+2+) •

The main effect of time of desprouting showed that

tubers desprouted after 123 and 137 days of sprouting in

darkness gave a significantly greater number of sprouted

eyes per tuber than those sprouted throughout with or

without the apical eyes intact (Table 2+2+). However, the

effect varied according to whether sprouting took place in

light or darkness. In darkness tubers sprouted throughout

after removal of apical eyes gave significantly fewer

sprouted eyes than intact tubers and tubers from both of

these treatments produced significantly fewer sprouted

eyes than the tubers desprouted after 123 or 137 days. In

light there was no significant difference between intact

tubers and those with apical eyes removed and desprouting

after 123 and 137 days gave rise to a significantly

greater number of sprouted eyes only in comparison with

those sprouted continuously with eyes intact (Table 2+2+).

In comparing time of desprouting within each variety,

it was found that 123 and 137 days desprouting treatment

formed a significantly greater number of sprouted eyes
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compared with continuous sprouting (with or without

apical eyes removed) only in Arran Pilot: the increase

was not significant in Majestic (Table k-5) •

TABLE U5

Effect of time of desprouting on the number of
sprouted eyes per tuber in Arran Pilot and
Majestic at the end of the sprouting period

(2i|.th April)

Storage Treatment Commencing
from 22nd October

Arran
Pilot Majestic

Sprouted throughout • 5.92 6.54

■j
Apical eyes removed and sprouted
throughout 5.00 6.58

Sprouted in darkness for 123 days
and then desprouted and resprouted 8.33 6.75

Sprouted in darkness for 137 days
and then desprouted and resprouted

I

8.37 7.12

S.E. of Variety x Time of Desprouting +O.278

(iii) Number of Sprouts per Eye

The number of sprouts per eye recorded at the end of

the sprouting period from the different storage treatment

and the analysis of variance of data are presented in

Appendix 32 and Appendix 33 respectively.

The number of sprouts per eye was found to vary with

variety, sprouting in light or darkness and time of
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TABLE 46

Effect of desprouting after varying periods of
storage on the number of sprouts per eye at the end

of the sprouting peii od in light and darkness
(24th. April)

Storage Treatment Commencing
from 22nd October Light Darkness Mean

Sprouted throughout in 1.22 1.20 1.21

Apical eyes removed and sprouted
throughout in 1.40 1.27 1.33

'

Sprouted in darkness for 123
days and then desprouted and
resprouted in 1.55 1.49 1.52

Sprouted in darkness for 137
days and then desprouted and
resprouted in 1.67 1.53 1.60

Mean 1.46 1.37

S.E. of Light and Darkness +0.03
S.E. of Time of Desprouting +0.04
S.E. of Time of Desprouting x Light and Darkness

+0.06

desprouting (Appendix 33). It can be seen from Table 46

that sprouting in light gave rise to a significantly-

greater number of sprouts per eye than sprouting in dark¬

ness (average of time of desprouting); however, on a

particular date of desprouting the difference in favour of

increased number of sprouts per eye in sprouting in light
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was not significant. Tubers desprouted after 123 and

137 days in darkness subsequently produced a greater

number of sprouts per eye than those sprouted from the

beginning of the storage period either intact or with

apical eyes removed (Table 46).

Majestic produced on average a greater number of

sprouts per eye than Arran Pilot but the increase can be

attributed to the effect of removing apical eyes

(Appendix 32).

(iv) Longest Length of Sprouts per Tuber at the End of
the Sprouting Period (24th April)

As would be expected, the longest sprout length was

generally greater in Arran Pilot than in Majestic for

comparable treatments and in both varieties, irrespective

of period of sprouting, the longest length of sprout was

markedly longer where sprouting was carried out in dark¬

ness (Table 47)* Shorter periods of sprouting gave

correspondingly shorter lengths of sprout in both varieties

(Table 47)-

B. Rate of Plant Emergence

The percentage of plant emergence at successive dates

after planting and the average number of days to emergence

are shown in Appendix 3k and Table 48 respectively. For

the purpose of statistical analysis the data has been

considered on the basis of the "Germination Rate Index"

formulated by Bartlett (1937)« The mean "Germination Rate
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TABLE 47

Effect of desprouting after varying periods of
storage on the length (mm.) of longest sprout -per

tuber at the end of the sprouting period in light
and darkness (24 th April)

Storage Treatment
Commencing from
22nd October

Arran Pilot Majestic

Light Darkness Light Darkness

Sprouted throughout in 34.9 636.7 16.1 407.1

Apical eyes removed and
sprouted throughout in 35.7 696.2 17.1 219.3

Sprouted in darkness
for 123 days and then
desprouted and
resprouted in 25.1 340.0 15.0 239.6

Sprouted in darkness
for 137 days and then
desprouted and
resprouted in 14.6 195.4 13.3 178.3

Index" of different storage treatments and the analysis of

variance of data are presented in Appendix 35 and Appendix

36 respectively.

Removal of sprouts at the time of planting caused a

significantly slower rate of plant emergence than that of

tubers planted with sprouts intact (Table 49)• It can be

seen in Table 48 and Appendix 34 that in both varieties

tubers desprouted at the time of planting took maximum time

to emerge. Arran Pilot tubers sprouted throughout in
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Effectofdesprouting;aftervaryingperiodsofstorage andresproutinginlightanddarknessontheaverage
numberofdaystoplantemergenceinArranPilotandMa.iestic

StorageTreatmentCommencing from22ndOctober

-— ArranPilot

Majestic

LightDarknessMean
LightDarknessMean

■'

Sproutedthroughoutin
•

17.9223-4220.67
17.5022.1719.83

Apicaleyesremovedandsprouted throughoutin

17.8322.9220.37
17.5819.3318.45

Sproutedindarknessfor123 daysandthendesproutedand resproutedin

20.8319.1720.00
19.7521.6720.71

Sproutedindarknessfor137 daysandthendesproutedand resproutedin

22.9216.3319.62
18.2517.2517.75

Sproutedthroughoutindark¬ nessanddesproutedatthe timeofplanting

32.78

26.92
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TABLE 49

Effect of planting with or without sprouts on the
"Germination Rate Index" of Arran Pilot and Ma.iestic

Storage Treatment Commencing
from 22nd October

Germination Rate Index

Arran
Pilot Majestic Mean

Sprouted throughout in darkness
and desprouted at the time of
planting 0.342 0.519 0.430

Sprouted for varying periods in
light and darkness and planted
with sprouts 0.734 0.764 0.749

Difference -0.392 -O.245 -O.319

+0.056 +0.040

darkness and desproated at the time of planting showed

incomplete plant stand (75%).

In comparing the effects of desprouting and resprouting

in light or darkness, it was found that delay in desprouting

and resprouting in light caused a slow rate of plant

emergence, whereas delay in desprouting and resprouting in

darkness gave earlier emergence of plants (Tahle 50 and

Appendix 34)» This emergence behaviour associated with

time of desprouting and resprouting in light or darkness was

found to a greater or lesser extent in "both varieties

(Tahle 48). It may he noted that tubers sprouted through¬

out in darkness having very long (696.7 mm. in Arran Pilot
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TABLE 50

Effect of desprouting after varying periods of

storage and re sprouting in light and darkness
on the "Germination Rate Index"

Storage Treatment Commencing
from 22nd October Light Darkness

Sprouted throughout in 0.810 0.61+8

Apical eyes removed and sprouted
throughout in 0.810 0.701+

Sprouted in darkness for 123 days and
then desprouted and resprouted in 0.731 0.727

Sprouted in darkness for 137 days and
then desprouted and resprouted in 0.722 0.838

Mean 0.768 0.729

S.E. of Light and Darkness +0.016
S.E. of Time of Desprouting x Light and

Darkness +0.0377

and 1+07.1 ram. in Majestic) and etiolated sprouts, emerged

later (5 to 6 days) than those sprouted for the same period

in light (35«7 mm. sprout length in Arran Pilot and 17.1 mm.

in Majestic). On the contrary, tuhers desprouted after

137 days and resprouted in darkness (195-^4- mm. sprout

length in Arran Pilot and 178.3 mm. in Majestic) produced

plants above ground earlier (2 to 6 days) than those

sprouted in light (11+.6 ram. sprout length in Arran Pilot and
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13.3 mm. in Majestic) </Table k8/- It seems from the above

results that sprouting throughout in darkness causes the

development of weak, long, etiolated sprouts which is

detrimental for early emergence and resprouting does hasten

early plant emergence. In Arran Pilot and Majestic the

etiolated sprouts of 195.U and 178.3 mm. respectively are

as effective as those sprouted in light, 35.7 mm. and

17.1 mm. respectively as regards early plant emergence, and

etiolated sprouts above that length cause a slower rate of

plant emergence.
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C» DISCUSSION

EXPERIMENT 5

The numbers of sprouts per tuber which developed

during the storage period were found to increase following

the previous removal of sprouts. Thus tubers desprouted

after 123 and 137 days of sprouting in darkness subsequently

formed a greater number of sprouts per tuber (irrespective

of whether resprouting was carried out in light or darkness)

than those sprouted throughout the storage period with the

first sprouts intact. Larger number of sprouts per tuber

associated with the desprouting treatments was partly due

to the increased number of sprouted eyes per tuber and

partly to the greater number of sprouts per eye. Appleman

(1918, 1923) reported that if the first formed sprouts are

removed or for any reason retarded in their normal growth,

sprouts will appear from the other eyes, and similarly when

the dominant sprout in an eye is destroyed or retarded in

growth other buds in the eye become active and produce

sprouts. Later Bushnell (1929)» Toosey (1959) and Hiel6

(1961) indicated that removal of sprouts resulted in a

loss of apical dominance and that the number of sprouts

subsequently formed was greater than that of comparable

tubers where the first formed sprouts remained intact.

In the present observation it was found that tubers

with one or two apical eyes removed and sprouted throughout

the storage period did not give a greater number of sprouts
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(average for variety) than comparable tubers sprouted with

apical eyes intact. As the connection between other

apical and tasai eyes still remained, it appeared that

sprouting from the other regions of the tuber was suppressed

due to the dominant effect of sprouts produced from

remaining eyes at the rose end.

In comparing sprouting in light and darkness (averaged

for variety) tubers sprouted in light gave a greater number

of sprouts per tuber than those sprouted in darkness but the

increase was only significant in the case of tubers sprouted

throughout after removal of apical eyes.

In both varieties tubers desprouted at the time of

planting produced plants above ground significantly later

than those planted with sprouts intact, as has been shown

by earlier authors (McCubbin 1941, Filimanov and Rustshkina

193k).

Tubers sprouted throughout in darkness having very

long and etiolated sprouts (696.7 mm. in Arran Pilot and

407.1 mm. in Majestic) failed to show any advantage in

early plant emergence over comparable tubers sprouted in

light (35.7 mm. in Arran Pilot and 17.1 mm. in Majestic).

However, during the course of the present investigation it

has been noted that tubers desprouted after 137 days and

resprouted in darkness giving etiolated sprouts (195.4 mm.

in Arran Pilot and 178.3 mm. in Majestic) produced plants

above ground earlier than comparable tubers sprouted in

light having shorter and sturdier sprouts (14.6 mm. in
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Arran Pilot and 13*3 mm. in Majestic). It seems that

when the period of sprouting before planting is short,

sprouting in darkness may hasten plant emergence due to

the greater length of sprouts produced.
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D» CONCLUSIONS

EXPERIMENT 5

In Experiment 3 studies were carried out on the effect

of desprouting (after varying periods of storage) on

sprouting in light or darkness and on plant emergence in

Arran Pilot and Majestic.

1. Removal of sprouts and resprouting in light or darkness

resulted in an increase in sprout number per tuber compared

with tubers sprouted throughout the storage period in light

or darkness with the first sprouts intact. Increase in

sprout number associated with removal of sprouts was partly

due to the increased number of sprouted eyes and partly to

the number of sprouts per eye.

2. Removal of one or two apical eyes and sprouting

throughout the storage period did not result in an increase

in sprout number over comparable tubers sprouted with

apical eyes intact.

3. Removal of sprouts at the time of planting caused a

slower rate of plant emergence.

4. Delay in desprouting and resprouting in light resulted

in a slow rate of plant emergence, whereas delay in

desprouting and resprouting in darkness resulted in earlier

plant emergence.

5. Tubers desprouted after 137 days of storage (October
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to March) and resprouted in darkness until planting time

(first week of May) having etiolated sprout (195»4 mm.

sprout length in Arran Pilot and 178*3 mm. in Majestic)

produced plants above ground earlier than comparable tubers

resprouted in light (14*6 mm. sprout length in Arran Pilot

and 13*3 mm. in Majestic) and as early as those sprouted

throughout in light (35*7 mm. sprout length in Arran Pilot

and 17*1 mm. in Majestic).
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PART 2

EXPERIMENTS

(1960-61)
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Experiment 4« Effect of varying periods of storage at

different temperatures and with or without T.C.N.B. on

subsequent sprouting "behaviour and plant development of

seed potatoes

A. Materials and Methods

Certified (Scottish Grade A) seed tubers of Arran Pilot

and Majestic were obtained on 4th November and graded by

weight into two size categories, (a) small, ranging from

80-100 gm., and (b) large, ranging from 120-140 gm.

Eighteen samples of 70 tubers of each size of each variety

were then separated out and weighed and placed in lidded

cardboard boxes (18" x 12" x 9") so that each box contained

a sample of large or small tubers of one variety with a

partition separating the two sizes. Out of each 70 tubers

sample, 10 tubers were numbered 1 to 10 for the study of

sprouting behaviour during storage. Five tubers added to

each sample were weighed separately and marked for the

study of sprout growth in weight after sprouting in light.

Of the 18 boxes of each variety, each containing 75

weighed tubers of each size, tubers of 9 boxes of each

variety were dusted with 80.35 gms. of Fusarex {3% Tetra-

Chloronitrobenzene) on 7th November. The tubers of the

remaining boxes were left untreated. Three boxes of

dusted tubers and three of undusted tubers of each variety

were then stored at nigh temperature (65o-80°F), three at

medium (50°-60°F) and three at low temperature respectively.
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With regard to low temperature storage, Fusarex treated

tubers were stored in a farm building where the temperature

ranged from 35.7°F (Minimum) to ii-9«7°P (Maximum) and the

untreated tubers were stored in a cold room held at i|.0oF.

In the subsequent discussion the temperature of the farm

building (T.O.N.B. treatment) may be regarded as the same

as that of the cold room (!j.0oF). Mean monthly temperatures

of the high and medium temperature storage room and of the

farm building (low temperature) are shown in Appendix 38.

On Uth January, i.e. 8 weeks (or 38 days) after the

beginning of the experiment, one box of treated and one box

of untreated tubers of each variety held at the various

temperatures were taken out of storage. Samples of tubers

which had sprouted, i.e. all samples held at medium or high

temperatures, were then desprouted and the fresh weights of

the 70 tubers and their sprouts were taken. The five

additional tubers to each sample were also desprouted.

Weights of tuber samples held at low temperature, none of

which showed sprouting, were taken directly. All the

samples were then transferred to trays for sprouting in

light.

Sprouting from Uth January to lUth February was

carried out in natural daylight in the medium temperature

storage room where the temperature ranged from 50°F

(Minimum) to 57^2°F (Maximum) /Appendix 38/. The trays

were then transferred to a cooler farm building, lit by

fluorescent lighting, where the temperature ranged from
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37.7°P (Minimum) to 49.7°F (Maximum) ^Appendix 387-
On 20th February, i.e. 105 days after the start of the

experiment, a similar procedure was adopted on further

samples of tubers removed from storage and placed in trays

for sprouting in light. The trays were held in natural

daylight in the medium temperature storage until 4th April

(temperature ranged from 50.5°F Minimum to 58.5°F Maximum)

when they were transferred to the cooler farm building

under fluorescent lighting until planting.

The remaining boxes of tubers were held in storage

until the time of planting vshen tubers held at medium and

high temperature were desprouted and the fresh weight of

tubers and sprouts recorded. Arran Pilot tubers held at

low temperature (40°F) without T.C.N.B., which also showed

some sprout development, were desprcuted and the weight of

tubers and sprouts noted, whereas those stored with T.G.N.B.

and also Majestic tubers irrespective of T.O.N.B. treatment

had not sprouted and their fresh weight was recorded

directly. The various treatments of the Experiment 4 are

summarised in Table 51. Appendix 39 presents the initial

fresh weight (gm.) of the 70 tubers and of tubers and

sprouts at the time of desprouting for all samples.

Observations on Tubers Sprouted in Light

The following observations were recorded at the end of

the sprouting period in light (11 th April).

(i) Number of sprouts per tuber taking into account
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TABLE 51

Summary of Treatments of Experiment 4

Length of period of storage
(days) with or without T.O.N.B.

at different temperature Date of Length of
Period of

High
(65°-80°F)

Medium
(50°-60°F)

o

o
hi

in Light Sprouting
(days)

58 days 58 days 58 days U. 1.61 98 days

105 " 105 " 105 " 20. 2.61 51 "

158 " 158 " 158 " -

I

the number of sprouts per eye and the number of

sprouted eyes per tuber.

(ii) Lengths of sprouts (10 tuber samples),

(iii) Fresh weight of sprouts (5 tuber samples).
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FIELD STUDIES

I. Large Scale Studies: Plant Emergence, Aerial Stem

Development and Yield at Maturity

Planting

Tubers from the various storage treatments were planted

on 28th April in 27" drills at 18" spacing.

Treatment and Layout

The experimental layout contained the combination of

the following factors:

(a) Variety - (i) Arran Pilot and (ii) Majestic.

(b) (i) Date of desprouting - (1) 1st desprouting on
J+th February, 1961

(2) 2nd desprouting on
20th February, 1961

(3) 3rd desprouting at the
time of planting.

(ii) Seed size - (1) Large seed (120-11+0 gms.)

(2) Small seed (80-100 gms.)

(c) Treatment - (1) Tubers stored at 65°-80°F without

T.O.N.B.

(2) Tubers stored at 5O°-60°F without

T.O.N.B.

(3) Tubers stored at 1+0°F without T.G.N.B.

(4) Tubers stored at 65°~80°F with T.O.N.B.

(5) Tubers stored at 50°-60°F with T.G.N.B.

(6) Tubers stored at 2+0°F with T.O.N.B.

The experiment was of split split plot in a randomised
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block system. There were four replications. Each

replication was divided into two main plots for the two

varieties. Each main plot was then divided into six sub

plots for date of desprouting and seed size combination

(i.e. 3x2) randomised in each main plot. Each sub plot

was divided into six sub sub plots and the six treatments

(temperature x chemical treatment) were randomised giving

2x3x2x6, i.e. 72 sub sub plots in each replicate

(Pig. 8).

The main plots of each replication were separated by a

path 3 ft. wide and on either side of the path two discard

hills were planted at the end of each row. One discard

hill per row was planted at each end of each replication.

In each treatment (sub sub plot) 10 tubers were planted in

two rows of five tubers each. Each treatment along a row

was followed by a discard hill of Kerr's Pink and two

treatment rows were followed by a discard row of Majestic

in the case of Arran Pilot main plots and Arran Pilot in the

case of Majestic main plots.

Each replication was separated by two discard drills

and there were two guard rows at both sides. Each

replication consisted of 12 treated and 7 discard drills.

Thus there were 1+8 treated and 30 discard drills in the

layout and the area covered was 173.25' x 117.0' or

0.1+6 acre.

Pield Cultivation after Planting

The experimental plot was harrowed on 9th May. Inter-
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row cultivation was done on 2nd June and drills were ridged

up again on 8th June.

For the control of hlight a spray of Perenox was

applied on 24th June and a second spray was applied on 22nd

August. Throughout the growing period plants remained free

from infection.

The weather conditions during the growing period are

summarised in Appendix 40. From May to June rainfall was

below average with above average temperature and hours of

sunshine, and from July to August rainfall was above

average with near average temperatures and sunshine.

Field Observation and Oollection of Data

(a) Rate of Plant Emergence. Counts of plant emergence

were made twice per week from 9th May. As soon as the

sprouts broke through the ground with one expanded leaf

they were counted. These observations were carried out

until the drills v/ere ridged up again on 8th June, i.e. bl

days after planting.

(b) Number of Aerial Stems. Numbers of aerial stems,

i.e. main stem plus underground branches from the main stem,

were counted on 1?th June.

(c) Yield and Grading. The crops were lifted from 2nd to

9th October, i.e. 158 to 165 days after planting, by which

time all plants showed leaf senescence. The total weights

and weight of commercial grades, viz. ware (over 2^") and

seed (2V - 1 jf"), were recorded for every sub sub plot.
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At the time of grading the total number of tubers as well

as the numbers of ware and seed were noted.

Statistical Analysis and Method of the Presentation of

Data

The data of the large scale experiment relating to rate

of plant emergence, number of aerial stems, total yield in

weight and number of tubers, yield in weight and number of

ware and seed, were subjected to the "Analysis of Variance"

appropriate to the designs. There were three estimates of

error applicable to (a) effect of varieties, (b) effect of

time of desprouting and seed size and their interaction and

their interaction with varieties, (c) the effect of storage

treatments and their interaction with variety, date of

desprouting and seed sizes.

The methods of statistical analysis were based on

those of Yates (1937) and Paterson (1939)-

The other information is recorded in the form of two

way or three way tables on the basis of the statistical

analysis with the appropriate standard error. The

difference is considered significant whenever the difference

is greater than J2 x S.E. x t (Fisher and Yates 1949)»

II• Small Scale Plant Growth Studies

A small scale experiment using the same treated

material was also planted out for plant growth studies.

Tubers were planted on 5th May in 27" drill at 18"

spacing. The area covered by the experimental plot was
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Fig.9 LAY OUT OF THE EXPERIMENT 4 FOR PLANT GROWTH

STUDIES.
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90' x k5* or 0.09 acre.

The time of field cultivation after planting and

fungicidal spray was the same as that for the large scale

trial.

The experimental layout is shown in Pig. 9« There

were three replicates. Each replicate was divided into

four equal blocks for four dates of sampling. Each block

was then divided into two sub blocks for two varieties.

Each sub block was then divided into six sub sub blocks and

date of desprouting and seed size combinations were

randomised. In each sub sub block one tuber from each

treatment, i.e. six tubers from six treatments, were planted

at random. In this layout there was no discard hill or

discard row between the treatments. However, there was a

discard hill in each row between the blocks. Single

discards were at the end of each row and along the rows at

each side of the whole experimental plot.

At the time of sampling, one block from each replica¬

tion was selected at random. Thus three plants were lifted

in each sampling in each treatment.

Observation and Collection of Data

Samples were taken from the field at an interval of

three weeks on 29th June (56 days after planting); 20th

July (77 days after planting); 9th August (98 days after

planting) and 31st August (119 days after planting).

During each sampling the plants were brought into the
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laboratory, washed free of soil and the following

observations were carried out - (1) the number of main

stems and underground branches from main stem, (2) the

number and size (diameter in cm.) of tubers, (3) dry weight

of foliage, and (k) dry weight of tubers.

For dry weight determination the three plants of each

treatment were dried together in an electric oven at

95°-100°0 for 2k hours.

The data on number of stems, tubers and dry weight of

foliage and tubers were represented as the mean of three

plants.
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RESULTS

B. Studies Daring: Storage Period

1• Effect of Different Storage Treatments on Loss in

Weight of Tuber Before Sprouting in Light

The actual loss in weight (gm.) due to (a) sprouting

and ("b) transpiration and respiration of each 70 tuher

sample during the storage period in boxes for the various

storage treatments is given in Appendix i+1. These losses,

expressed as a percentage of the initial tuber weight, are

presented in Appendix R2.

Variations in weight loss between different samples

may be related to seed size, variety, time of desprouting

and storage conditions as follows

(i) Size of Seed Tuber. The actual loss in weight (gm.)
due to both sprouting and other losses (transpiration and

respiration) was greater in large seed than in small seed

of both varieties, averaged for the various times of

desprouting and different storage conditions (Table 52).

Losses in weight due to sprouting and other losses expressed

as a percentage of the initial fresh weight of tubers in

the two seed sizes were, however, similar (Table 53)«

(i3-) "Variety. The loss in weight due to both sprouting

or other losses was greater in Arran Pilot (a vigorous

sprouting variety) than in Majestic (a slow sprouting

variety) /Table 52 and 5^7*
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Effectofseedsizeandvarietyonweightlossinstoragedueto(a)sprouting andCb)transpirationandrespiration Gm.per70tu"bersample
(Averageforallstoragetreatments)

Lossinwt. (gm.)dueto Sprouting

Variety

Lossinwt. (gm.)dueto Transpiration and Respiration

Totalloss inwt. (gm.)

Mean

Lossin wt.(gm.) dueto Sprouting
Lossinwt. (gm.) dueto Transpiration and Respiration

Total lossin wt.(gm.)

LargeSmall SeedSeed
LargeSmall SeedSeed
LargeSmall SeedSeed

Arran Pilot1+75.1302.7 Majestic11+1.999-9
111+9.8750.1 856.8583.1+
1621+.91052.8 998.7683-3
388.9 120.9

91+9.9 720.1

1338.8 81+1.0

Mean308.5201.3
1003.3666.7
1311.8868.0



16-1

TABLE55

Effectofseedsizeandvarietyonweightlossinstoragedueto(a) sproutingand("b)transpirationandrespirationexpressedaspercentage ofinitialtuberweight(averageforallstoragetreatments)
Lossinwt. (%)dueto Sprouting

Variety

Lossinwt. {%)dueto Transpiration and. Respiration
Totalloss inwt. (#>

Mean

Lossin wt.(%) dueto Sprouting
Lossinwt. (%)

dueto Transpiration and Respiration

Total lossin wt.{%)

LargeSmall SeedSeed.
LargeSmall SeedSeed
LargeSmall SeedSeed

Arran Pilot5.205.^0 Majestic1«Lj.81.51*
12.5113.31 8.979.09
17.7118.71 10.1*510.63
5.30 1.50

12.91 9.03

18.21 10.51+

Mean3.3I*3.1*7
10.7U11.20
11*.0811*.67
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(iii) Treatment. To explain more clearly the effect of

storage treatment and its interaction with variety and

date of desprouting on loss in weight of tubers, the

effects of treatments are considered in three parts, viz.

(a) effect of temperature, (b) effect of chemical sprout

inhibition, and (c) interaction of temperature and chemical

sprout inhibition. Weight losses are expressed as a

percentage of initial fresh weight of tubers and the

average of the two seed sizes are taken.

(a) Effect of Temperature of Storage

Increase in temperature of storage above l|.0oF greatly

increased the loss in weight of tubers due to sprouting

(Table 5k) and other losses (transpiration and

respiration) /Table 5^7' the case of sprout losses,

the differences between high (65°~80°F) and medium

(50o-6Q°F) temperature were only slight but were more

marked with respect to other losses. Thus the total loss

in weight suffered by the mother tuber was maximum at

65°-80°F, slightly less at 50°-60°F and lowest at low

temperature (Table 56, Fig. 10).

Losses attributable to transpiration and respiration

were generally greater than those due to sprouting ranging

from 2.28 to 35.1+2$ in the former, compared with 0$ to

15.06$ for sprouting (Table 5k and 55). At low temperature

loss in weight of tubers was due to transpiration and

respiration only, except in the case of Arran Pilot stored
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TABLE 54

Effect of storage temperature and period of storage
on percentage loss in tuber weight due to sprouting

Storage
Temperature

Arran Pilot Majestic

d-j d2 d-j Mean d^ dg d^ Mean

High.
(65°-80°F)

Medium
(50°~60°F)

Low (40°F)

1.29 8.16 15.06 8.17

1.78 7.27 14.07 7.71

0.03 0.01

0.27 2.1+0 1+.56 2.1+1

0.07 1.33 4-90 2.10

Mean 1.02 5.11+ 9.72 0.11 1.25 3.15

TABLE 55

Effect of storage temperature and period of storage
on percentage loss in tuber weip;ht du6 to

transpiration and respiration

Storage
Temperature

Arran Pilot Majestic

d-j dg d^ Mean d^ dg d^ Mean

High
(65°-80 F)

Medium
(50°-60°F)

Low (1+0°F)

7.1+1 16.1+0 35-42 19.71+

6.29 13.57 2^.89 14.92

2.28 4.17 5.76 4.07

6.16 12.10 21.87 13.38

5.70 8.69 13.27 9.22

3.13 4.14 6.17 4.48

Mean 5.33 11.38 22.03
<

4.99 8.31 13.77
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TABLE 56

Effect of storage temperature and period of storage
on total percentage loss in tuber weight

Storage
Temperature

Arran Pilot Majestic

d.j d£ d-j Mean d-j d2 dj Mean

High
(65°-80°F)

Medium
(50°-60°P)

Low (40°F)

8.70 24.56 50.48 27.91

8.07 20.84 38.96 22.62

2.28 4.17 5.80 4.08

6.43 14.50 26.43 15.79

5.77 10.02 18.18 11.32

3.13 4.14 6.17 4-48

Mean 6.35 16.52 31.74 5.11 9.55 16.92

N.B. d-j = desprouted on 4» 1.61
d2 = desprouted on 20.2.61

d^ = desprouted at the time of planting.

over a prolonged period (Table 54) where sprouting was

noted. The effects of temperature on weight loss were

magnified with increase in the length of the storage period

and showed up greatest in Arran Pilot.

(b) Effect of Treatment with Sprout Inhibiting Chemical

(T.O.N.B.)

Treatment with T.O.N.B. suppressed the growth of

sprouts (Table 57) and thereby reduced the total weight

loss in storage (Table 59 and Pig. 11). Losses due to

transpiration and respiration were, however, more or less
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Fig.11 EFFECT OF T.C.N.B. TREATMENT ON TOTAL LOSS IN

TUBER WEIGHT (o/o) AT THE TIME OF DESPROUTING.
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PLATS 1

EXPERIMENT li (196O-61)

SHOWING THE SPROUTING CONDITION OP SEED TUBERS (LARGE AND SMALL) OP
ARRAN PILOT AND MAJESTIC AT PLANTING TIME, STORED THROUGHOUT AT

65°-80°P, 50°-60°P and i+0°P WITH OR WITHOUT T.C.N.B.

A. ARRAN PILOT

(i) STORED AT 65°-80°P WITHOUT
T.C.N.B.

(ii) STORED AT 50°-60°F WITHOUT
T.C.N.B.

(iii) STORED AT 40°P WITHOUT
T.C.N.B.

B. MAJESTIC

(i) STORED AT 65°-80°F WITHOUT
T.C.N.B.

(ii) STORED AT 50°-60°F WITHOUT
T.C.N.B.

(iii) STORED AT kO°F WITHOUT
T.C.N.B.

C. ARRAN PILOT

(i) STORED AT 65°-80°F WITH
T.C.N.B.

(ii) STORED AT 50°-60°F WITH
T.C.N.B.

(iii) STORED AT ^0°P WITH
T.C.N.B.

D. MAJESTIC

(i) STORED AT 65°-80°P WITH
T.C.N.B.

(ii) STORED AT 50°-60°F WITH
T.C.N.B.

(iii) STORED AT i+0°P WITH
T.C.N.B.



168

Fig.12EFFECTOFT.C.N.B.TREATMENTATDIFFERENTTEMPERATURESONTOTALLOSSIN TUBERWEIGHT(o/o)ATTHETIMEOFDESPROUTING. !Aess/-/VL^lC/o)7~°£LPRo<JT~
I|Rossr*JV&(*/.)2c/£ToTA/t-AtsfHA#7Y<>/*HA/JDR£SP(g/\rr<"V

MAresTIC.

§
t

4 $2,o
ty

520
\$

Jto ts *o £ £

■3it3PRooTfO>OA/4./C(
AA>7":C.aa£>

WithT-C.AS-&
□n

□

3o 20
/0

P.D,

■S~

□0

6ir°-%»'psb°-fea>jo°r6f■«❖4oV
£o

£

k 4
£
i

v3o
kj

E

!>Zo 8>°Y$S T© k

«

A5£SPHout£J>OW4-'■CICo AfoTTc-v.<iVir«T-cv-B,.
30

1«
3« 20

/0

S" 0

.□n

□

Dn

[=□

65"-&OV50=«#6?-g#fo-CS^r4»V
3>£sP2oot£.Z>ook2o./•eJ /voT.e.A/./jtJiTHTc.'iB

X>6-SPRoct£0/)TP*-AAjT'*J<rrT/")£
On

□

n

LI□

6i-%<spST?-G*F1a°FS°~(,Sr-40V 6TOP.PG-ET£p?P£PPTc/R£ 3>EsPAouTP2>Orv20-2-61 •NOT*.*''*hf.THT(vA
3or 2o fo

s 0

II

□

60
£•0

^0

3o
2o

3>e^phokt»^p^Tw<f
.□

<T5°-&«>3-0*-6»>4o>~St-^r40'f ^TORpCJEN-£P>7P£RATUR£
a/0TC-v-3

MT/VT'c.-^-A
□

I

□

6s°-9<?FSP(,"F' ^a-fF,£°-sSf«-O'-6O>^dv



169 TABLE51

Effectofstoragetreatmentonpercentagelossintuber weightduetosprouting

Storage Temperature
— .1 ArranPilot

Majestic

Without T.C.N.B.

With T.O.N.B.

Without T.O.N.B.

With T.G.N.B.

d2d^Mean
d.jMean
d^dgd^Mean
d^d2d^Mean

High (65°-80F) Medium (50o-60°F)
Low

(40F)

1.5110.3916.629.5-1 2.9411.2221.9812.05 0.070.02
1.075.9413.506.84 0.623-326.163-37
0.343.295.823.15 0.142.679.654.15
0.211.523.301.68 0.160.05

Mean

1.487.2012.897.19
0.563.096.553.40
0.161.995.162.44
0.070.511.150.58

N.B.d-L=desproutedon4.1.61 d2=desproutedon20.2.61 ^3=desproutedat.thetimeofplanting-.
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similar "between dusted and untreated tubers (Table 58 and

Fig. 11).

(c) Interaction of Temperature and Treatments with

T.O.N.B.

While storage at medium and high temperatures gave

rise to appreciable sprouting in contrast to storage at low

temperature, in all instances it may be noted from Table 57

and Fig. 12 that the response to medium compared with high

temperature varied according to whether tubers had been

dusted with T.O.N.B. or not. Untreated tubers stored at

medium temperature produced on average more sprout growth

than those stored at high temperature. This effect was

evident in both varieties stored until planting (Plates 1

A and B) but showed only as a slight trend in Arran Pilot

for the earlier desprouting treatments (Fig. 12). ?/here

tubers were treated with T.G.N.B., however, sprouting was

less at medium temperature than at high temperature

(Plates 1 G and D).

Losses in weight due to transpiration and respiration

were in all cases increased with increase in storage

temperature, irrespective of treatment with or without

T.G.N.B. (Table 58). As other losses (transpiration and

respiration) in both varieties formed the main source of

loss, the total loss in weight also increased directly

with an increase in storage temperature, but the difference

between medium and high temperature was greater in tubers

treated with T.G.N.B. (Table 59 and Fig. 12).



TABLE58

Effectofstoragetreatmentsonpercentagelossintuberweight duetotranspirationandrespiration(
Storage Temperature

ArranPilot

Majestic

WithoutT.C.N.B.

WithT.C.N.B.

WithoutT.O.N.B.

WithT.C.N.B.

d-jd2d^Mean
d-jd2d^Mean
d-jd£d-jMean
d-jd2d-^Mean

High (65°-80°F) Medium_ (50°-60F) Low

(40F)

7.1714.6733.4218.42 6.5312.7725.1314.81 2.544.586.334.48
7.6618.1337.4321.07 6.0614.3724.6515.03 2.033.775.203.67
6.1712.6922.7013.85 6.049.2815.2010.17 2.844.416.654.63
6.1511.5121.0512.90 5.368.1011.358.27 3.423.885.704.33

Mean

5.4110.6721.6312.57
5.2512.0922.4313.26
5.028.7914.859.55
4.987.8312.708.50

d-j=Desproutedoni+.1.6l d2=Desproutedon20.2.61
dj=Desproutedatthetimeofplanting.

•
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Effectofstoragetreatmentsontotalpercentagelossin tuberweight

Storage Temperature

ArranPilot

Majestic

WithoutT.O.N.B.

WithT.O.N.B.

WithoutT.O.N.B.

WithT.O.N.B.

d-jd2d^Mean
d^d2d-jMean
dd̂2d-jMean
d-|d2d^Mean

High (65°-80°P) Medium (50°-60°F)
Low

(kO°F)

8.6825.0650.0427.93 9.4723.9947.1126.86 2.544.586.404.51
8.7324.0750.9327.91 6.6817.6930.8118.39 2.033.775.203.67
6.5115.9828.5217.00 6.1811.9524.8514.33 2.844.416.654.63
6.3613.0324.3514.58 5.368.1011.518.32

l

.

3.423.885.704.33

Mean

6.9017.8834.5219.77
5.8115.1728.9816.65
5.1810.7820.0111.99
5.058.3413.859.08

d.j=Desproutedon4.1.61 d2=Desproutedon20.2.61 d^=Desproutedatthetimeofplanting.
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2. Growth of Sprouts in Terms of Fresh Weight (gm.)

after Desprouting

The growth of sprouts in terras of fresh weight (per

five tuber samples) formed during the period of sprouting

in light in the various samples desprouted on i+th January

or 20th February after previous storage at varying

temperatures with or without T.C.N.B. are shown in

Appendix k3>

Variations in fresh weight of sprout between different

samples may be related to seed size, variety and previous

storage conditions.

(i) Seed Size. The fresh weight of sprouts formed after

sprouting in light varied with the size of seed tuber of

both varieties,averaged for the various conditions of

storage before sprouting. Thus large seed produced a

greater amount of sprout growth than small seed,

irrespective of time of desprouting (Table 60).

(ii) Variety. It can also be seen from Table 60 that in

storage Arran Pilot, the more vigorous sprouting variety,

continued to produce a greater weight of sprouts after

desprouting than Majestic.

(iii) Previous Storage Treatment. In tubers stored

without T.G.N.B. previous storage at low temperature gave

a smaller amount of sprout growth in light than storage

at medium and high temperature (Table 61) but the
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PLATE 2

EXPERIMENT U (1960-61)
SHOWING THE SPROUTING CONDITION OP SEED TUBERS (LARGE AND SMALL) OP

ARRAN PILOT AND MAJESTIC AT PLANTING TIME AS INFLUENCED BY
DIFFERENT STORAGE TREATMENTS

SEEDS STORED AT 65°-80°F; 50°-60°F and UO°P
WITHOUT T.C.N.B. UNTIL 1+.1.61

f (, s6' Z1 ro -

If H-,
£s°- «6V

I

A. ARRAN PILOT B. MAJESTIC

SEEDS STORED AT 65°~80°F; 50°-60°F and i+0°P
WITHOUT T.C.N.B. UNTIL 20.2.61

fori g0r .ToV geV

«* -*r 4« J* ««
C. ARRAN PILOT D. MAJESTIC
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TABLE 60

Effect of seed size and variety on growth of
sprouts In light. Fresh weight (gm.) "Per five

tuber samples (average for all storage treatments)

Varie ty

Wt. (gm.) of sprouts at the time of
planting sprouted in light at
different dates of storage

Mean
d1 *2

Large Small
Seed Seed MQan

Large Small „

Seed Seed kean

Arran Pilot

Majestic

48.87 36.60 42.73

14.12 11.07 12.59

12.45 11.12 11.78

7.81 4.88 6.34

27.25

9-46

Mean 31.49 23.83 27.66 0 • ui 00 . 0 KD • O CT\

N9B. d^ = dasprouted on 4.1»61; d^ — dasprouted on 20.2.61
differences between medium and high temperature were less

consistent. At the first desprouting (d-|) previous

storage at high temperature resulted in a greater amount of

sprout formation than medium temperature in both varieties

(Plates 2 A and B) hut for the prolonged period of storage

(d2) before desprouting there was little effect of the two
temperature levels (Plates 2 0 and D) and medium

temperature tended to give a higher growth of sprout in

Majestic than high temperature (Table 61). It seems

that with shorter periods of exposure to varying

temperature, increase in temperature from 40°F - 80°P
stimulated subsequent growth of sprouts, but over a longer
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TABLE61

Effectofdifferentstoragetreatmentonsubsequentgrowthof sproutsinlight(Freshweightofsproutperfivetuber samplesatthetimeofplanting)
Storage Temperature

''

ArranPilot

Majestic

Without T.O.N.B.

With T.G.N.B.

Without T.O.N.B.

With T.O.N.B.

d-jd2Mean
d.jd2Mean
d^d2Mean
d.jd2Mean

High (65°-80°P) Medium (50°-6O°P)
Low' (40°F)

65.801U.6740.23 44.4013.7229.06 23.1510.7916.97
45.875.1525.51 48.7515.1131.93 28.4211.2719-84
21.206.6513.92 '10.6512.9011.77 7.004.575.78
22.206.9014.55 8.801.605.20 5.805.455.62

N»B.d.j=Desproutedon4.1.61 d2=Desproutedon20.2.61 *

gm
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PLATE 2
EXPERIMENT it (1960-61)

SHOWING THE SPROUTING CONDITION OP T.C.N.B. TREATED SEED TUBERS
(LARGE AND SMALL) OP ARRAN PILOT AND MAJESTIC AT PLANTING TIME
AS INFLUENCED BY DIFFERENT TEMPERATURE AND PERIOD OF STORAGE

ARRAN PILOT

A. STORED AT 65°-80°F, 50°~60°F B. STORED AT 65°-80°F, 50°-60°F
AND UO°F UNTIL 1+.1.61 AND i|.0oF UNTIL 20.2.61

s-«-

MAJESTIC

C. STORED AT 65°-80°F, 50°-60°F
AND kO°F UNTIL U-1 -61

^■6 -

D. STORED AT 65°-80°F, 50°-60°F
AND i+0°F UNTIL 20.2.61

f

Csr°~ CoV -=? «V



178

period (d2) high temperature may not give further response

over medium temperature or may show an after effect in

decreasing growth (Table 61).

Response to temperatures of previous storage in the

case of tubers stored with T.C.N.B. differed with variety.

In Arran Pilot tubers treated with T.O.N.B. the effect of

previous storage temperature on subsequent growth in weight

of sprouts varied according to the period of storage.

Thus, for a short period of exposure (from l+th November to

1+th January) the increase in temperature up to 50°-60°F

gave increased sprouting, and above this there was no

further response (Plate 3 A). Over a longer period (from

i+th November to 20th February) previous storage at high

temperature resulted in a smaller amount of sprout

formation than storage at low temperature and the greatest

sprout growth was obtained from medium temperature

storage (Plate 3 B) /Table 6iJ7. it can also be seen in

Table 61 that in Arran Pilot no marked differences in weight

of sprouts between T.G.N.B. and no T.O.N.B. treatment at

medium and low temperature were found, irrespective of

period of storage, whereas at high temperature previous

treatment with T.O.N.B. resulted in a smaller amount of

sprout formation than those stored without T.O.N.B. This

result also indicates that in Arran Pilot, unless tubers

are stored at high temperature, previous treatment with

T.G.N.B. does not inhibit the subsequent growth of sprouts.

In Majestic, increase in the temperature of storage when
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the period was short (from i+th November to ij-th January,

i.e. ) resulted in a greater subsequent growth of sprouts

(Plate 3 0) • With the longer period of exposure (from ij-th

November to 20th February) however, medium temperature in

combination with T.G.N.B. had a depressing effect on sub¬

sequent growth of sprouts and many tubers failed to produce

any sprouts during the period of sprouting in light (Table

61). As a result, the amount of sprout development was

lowest in this treatment with little difference between the

effects of high and low temperature (Plate 3D). In

comparing T.O.N.B. and no T.O.N.B. treatment in Majestic,

for shorter period of storage (from i+th November to l+th

January) little difference in growth in weight of sprouts

was found between the two treatments, irrespective of

temperature. When the storage period was prolonged (from

Uth November to 20th February) T.G.N.B. at medium

temperature resulted in less growth of sprouts than no

T.G.N.B., although T.G.N.B. treatment had no apparent

adverse effect at other storage temperatures (Table 61).

'When times of desprouting were compared, it was noted

that in Arran Pilot, irrespective of storage treatment,

delay in desprouting and resprouting in light (d2) resulted

in a smaller amount of sprout growth. This sprouting

behaviour, associated with period of storage before

sprouting in light, was found in Majestic. However, in

this variety tubers stored at medium temperature without

T.G.N.B. until 1+th January (d-j) did not give rise to a greater
amount of sprout at planting time than those stored until
20th February (d2) before desprouting (Table 61).
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Effectofseedsizeandvarietyonnumberofsproutspertuber indifferentlengthcategoriesatthetimeofplanting
No.ofsproutsindifferentlengthcategoriesatthetimeofplanting, sproutedinlightduringvaryingdatesofstorage

Variety

d1

d2

LargeSeedSmallSeed
LargeSeed

SmallSeed

61

1-1011-3031-60mm. mm.mm.mm.and
over

61

1-1011-3031-60mm. mm.mm.mm.and
over

61

1-1011-3031-60mm. mm.mm.mm.and
over

61

1-1011-3031-60mm. mm.mm.mm.and
over

Arran Pilot Majestic
6.81.10.63.3 b.h1.60,70.1
6.50.70.32.7 3.81.20.70,1
8.9k.31.10.2 5.62.U1.1
6.73.11.00.1 k.92.20,1

Mean

5.61.30.61.7
5.10.90,51.U
7.23.31.10,1
5.82,60.50,05

d^=Desproutedon1.61 d2=Desproutedon20.2.6*1
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3. Number of Sprouts per Tuber in Different Length

Categories

The effect of seed size, variety and time of desprouting

on the growth of sprouts in terms of fresh weight is also

reflected in the data on numbers of sprouts per tuber in

different length categories. The number of sprouts per

tuber in different length categories formed during the

period of sprouting in light in the various samples

desprouted on ij-th January or 20th February after previous

storage at varying temperatures with or without T.C.N.B.

are shown in Appendix M+.

Large seed tended to produce more sprouts per tuber

than small seed and this applied on average to numbers in

all length categories (Table 62). With respect to

varietal differences, the number of sprouts per tuber was

generally greater in Arran Pilot than in Majestic and

sprouts were found to be much longer in the former variety

for comparable times of desprouting (Table 62). In all

treatments desprouted on Uth January (d^) and occasionally
in treatments desprouted on 20th February (d2) sprouts

longer than 60 mm. were produced by Arran Pilot (Table 63)

whereas lengths above 60 mm. were exceptional in Majestic

(Table 61+).

In Arran Pilot tubers desprouted on bth January (d-j)
before sprouting in light after previous storage at low

temperature gave fewer excessively long sprouts, i.e. above

60 mm., compared with those stored at medium and high
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TABLE65

Effectofprevioustreatmentonthelengthofsproutsper
tuberattheendofthesproutingperiodinlightinArranPilot ArranPilot

SizeGroupinram.

Storage Treatment

d1

d2

1-10

11-30

31-60

61- Over

Total no.of Sprout

1-10

11-30

31-60

61- Over

Total no.of Sprout

Storedat65°-80°F withoutT.G.N.B.
5.0

0.9

0.7

3.9

10.1

7.8

3.5

2.3

0.2

13.8

Storedat50°-60°P withoutT.G.N.B.
5.9

,0.8

0.2

2.7

9.6

7'k

5.6

0.5

0.1

13.6

StoredatU0°F withoutT.G.N.B.
7.8

0.7

0.8

1.3

10.6

8.5

3-k

0.8

0.05

12.7

Storedat65°-80°F withT.C.N.B.

5.7

1.0

0.1

U.3

11.1

5.8

3-3

0.5

-

9.6

Storedat50°-60°F withT.O.N.B.

5.6

1.3

0.5

U.2

11.6

k.3

2.7

1.5

0.1+

8.9

Storedat^0°F withT.G.N.B.

9.6

0.8

0.5

1.6

12.5

13.0

3.b

0.6

17.0

d-j-Desproutedond2=Desproutedon20.2.61
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Effectofpreviousstoragetreatmentsonthelengthofsproutsper tuberattheendofthesproutingperiodinlightinMajestic Majestic
SizeGroupinmm.

Storage Treatment

*1

d2

1-10

11-30

31-60

61- Over

Total no.of Sprout

1-10

11-30

31-60

61- Over

Total no.of Sprout

Storedat65°-80°F withoutT.C.N.B.
2.7

1.0

1.7

-

5-4

3.0

2.9

0.3

-

6.2

Storedat50°-60°F withoutT.G.N.B.
3.5

1.3

0.5

-

5.3

2.6

2.8

0.9

0.05

6.3

Storedat40°F withoutT.G.N.B.
7-4

1.5

0.2

-

9.1

10.5

2.4

-

-

12.9

Storedat65°-80°F withT.O.N.B.

3.3

2.1

1 .7

0.6

7.7

5.5

3.1

0.2

0.05

8.8

Storedat50°-60°F withT.O.N.B.

0.9

0.8

0.2

-

1.9

0.7

0.2

-

-

0.9

Storedat40°F withT.G.N.B.

6.5

1.7

0.05

—

8.2

9.0

2.4

wm

—

11.4

d-j=Desproutedon4.1.61
d2=Desproutedon20.2.61
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temperature, "but there was little difference "between the

two higher temperatures in their effect on frequency-

distribution of sprouts in different length categories

(Table 63). This after-effect of low temperature in

reducing sprout length applied to both T.C.N.B. treated and

untreated tubers with no obvious effect exerted by T.G.N.B.

at any temperature level. Where tubers were held over

longer periods of storage (dp) without T.G.N.B. before

sprouting in light, low temperature storage again tended

to reduce sprout lengths, giving fewer sprouts above 10 mm.

than the two higher storage temperature treatments: in

this instance high temperature gave fewer sprouts above

10 mm. than medium temperature (Table 63). In the case

of T.G.N.B. treatment over a longer period (dp), previous

storage at low temperature gave a greater total number of

sprouts than the higher temperature treatments, but in

comparing the number of sprouts above 10 mm. there was no

difference in effect between high and low temperatures,

but medium temperatures tended to produce more sprouts

above 30 mm. (Table 63).

Majestic tubers previously stored without T.G.N.B. at

low temperature, while giving a greater total number of

sprouts than those stored at higher temperatures, tended

to produce shorter sprouts, the majority being less than

10 mm. for either date of desprouting (Table 61}.). Both

high and medium temperature storage gave some sprouts

above 30 mm. but the effect of temperature within this
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range appeared to vary with time of desprouting or the

length of period of storage. Thus in tubers desprouted

on 4th January (d.j) high temperature tended to give more

longer sprouts, i.e. between 31 and 60 mm., than medium

temperature and these tubers also appeared to give more

longer sprouts than those sprouted later (d2) after

storage at high temperature. However, over a longer

period of storage (from 4th November to 20th February,

i.e. d2) tubers stored at medium temperature appeared to

give more sprouts above 30 mm. than high temperature

(Table 64). With regard to T.O.N.B. treatment in

Majestic, storage with T.O.N.B. at medium temperature

caused a marked suppression in subsequent sprout growth.

Comparing high and low temperature storage, low

temperature gave more sprouts per tuber but fewer in the

longer length categories above 10 mm. (Table 64). The

effect of period of storage at high temperature was

similar to that of the effect without T.C.N.B. with more

sprouts above 30 mm. produced at the earlier desprouting

date (4th January). In the case of low temperature

storage with or without T.C.N.B. slightly more sprouts

above 10 mm. were produced after the earlier date of

desprouting (Table 64).
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I+. Total Number of Sprouts per Tuber (1 mm. and above)

The number of sprouts per tuber developed at the time

of planting for the samples desprouted after varying

storage treatments and sprouted in light are given in

Appendix 1+5.

The number of sprouts formed per tuber at the time of

planting is related to variety, seed size and condition of

storage before sprouting in light.

(i) Size of Seed Tuber and Variety

Large seed tended to produce more sprouts than small

seed from comparable samples. Thus,in Arran Pilot tubers

desprouted on kth January (d-j) the average numbers of

sprouts developed per tuber at the end of the sprouting

period (11th April) in large and small seed were 11.8 and

10.2 respectively, and in tubers desprouted on 20th

February (d2) the corresponding figures were 1i+.4 and

10.9« In Majestic large seed gave 6.8 and 8.1+ sprouts

per tuber for the two successive desprouting dates while

small seed gave 5-8 and 7*2 (Table 65).

It may also be noted from the results (Table 65)

that the two varieties differed in the average number of

sprouts produced, the number being greater in Arran Pilot

(with an average of 11.8 sprouts per tuber) than in

Majestic (which averaged 7»0 sprouts per tuber).

(ii) Time of Desprouting

Tubers stored over the longer period before
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TABLE 65

Effect of seed size and variety on the number of
sproats per tuber at the end of the sprouting

period in light

Variety

No. of sprouts per tuber at the
end of the sprouting period in

light

d1
* Me an
2

Large Small
Seed Seed M6an

Larga Small Mean
Seed Seed

Arran Pilot

Majes tic

11.8 10.2 11.0

6.8 5.8 6.3

1h.U 10.9 12.6 11.8

8.1+ 7.2 7.8 7.0

Mean 9.3 8.0 8.6 11.U 9.0 10.2

N.B. d-j_ —desprouted on 4.1.61; d2 =desprouted on 20.2.61

desprouting (d2) tended to produce mora sprouts per tuber

than those allowed to sprout earlier after desprouting

(Table 65) but it may be seen in Table 66 that exceptions

occurred where tubers had been previously stored for long

periods (d2) with T.C.N.B. at high temperature in the case

of Arran Pilot or at medium temperature in the case of both

varieties, indicating a possible adverse effect of these

treatments on bud activity.

(iii) Effect of Temperature of Storage before Sprouting

in Light on Subsequent Sprout Numbers Per Tuber

The number of sprouts per tub6r at the end of the
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TABLE66

Effectofpreviousstoragetreatmentonthenumberofsprouts pertuberattheendofthesproutingperiodinlight
Storage Temperature

ArranPilot

Majestic

Without T.C.N.B.

With
T .0.N.B.

Without T.0.N.B.

With T.G.N.B.

dpMean
d^dpMean
d.jdpMean
d>jdpMean

High (65-80F) Medium (50°-60°P)
Low

(bo°F)

10.213.912.0 9.713.611.6 10.712.711.7
11.29.610.4 11.79.010.3 12.617.11^.8
5.56.25.8 5.36.35.8 9.112.911.0
7.78.98.3 1.91.01.1* 8.311.U9.8

Mean

10.213.U11.8
11.811.911.8
6.68.57.5
6.07.06.5

N.B.=desproutedon4.1.61;dp=desproutedon20.2.61
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sprouting period in light (11th April) was also determined

"by the storage temperature "before sprouting in light.

Thus in "both varieties and for "both times of desprouting

(d-j and d2) tubers stored at low temperature before
sprouting in light showed a greater number of sprouts at

the end of the sprouting period than those stored at high

TABLE 67

Effect of storage temperature on number of sprouts

at the end of the sprouting period in light

Storage
Temperature

Arran Pilot Majestic

Before
Sprouting
in Light d-j d2 Mean di d2 Mean

65°-80°P
(High) 10.7 11.7 11.2 6.6 7-5 7-0

50°-60°P
(Medium) 10.7 11.7 11.0 3.6 3.6 3.6

JiQ°F
(Low 11.6 14.9 13-2 8.7 12.1 10.4

d^ = Desprouted on 4.1.81

= Desprouted on 20.2.61
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or medium temperature (Ta"ble 67). In Arran Pilot the

difference in the number of sprouts following medium and

high temperature storage was negligible. However, in

Majestic tubers storage at medium temperature resulted in

a smaller number of sprouts than storage at high

temperature, but this may be due to the adverse effect of

T.C.N.B. at 50o-6Q°F where many tubers had failed to

produce sprouts at the time of planting,although the tubers

were apparently healthy and sound (Table 66).

(iv) Effect; of a Sprout Inhibiting-; Chemical on the Number

of Sprouts Per Tuber at the Time of Planting

The effect of T.G.N.B. on sprout numbers varied with

variety, storage temperature, and period of storage with the

chemical (Table 66). In Arran Pilot there was a slight

tendency for more sprouts to develop in tubers previously

treated with T.G.N.B. than in untreated tubers for the

first desprouting treatment (Table 66) but with tubers

stored for a longer period (d£) at high or medium

temperature T.C.N.B. treatment tended to reduce the number

of sprouts produced. However, with T.G.N.B. at low

temperature storage,the number produced was the highest of
all treatments (Table 66).

In Majestic, T.C.N.B. treatment at high temperature

showed a slight tendency to give increased sprout numbers

in comparison with untreated, whereas there was little or

a slightly reversed effect with low temperature storage.
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Treatment with T.C.N.B. at medium temperature, however,

had a very marked affect in reducing the number of

sprouts produced (Table 66).

In considering the total number of sprouts per tuber,

account has been taken of the number of sprouted eyes and

the number of eyes with more than one sprout

characteristic of tubers from the various samples, and

data for these assessments are given in Appendices U6

and k7 respectively.



192

5• Sprouted Eyes Per Tuber

The numbers of sprouted eyes per tuher for each

treatment are given in Table 69.

In Arran Pilot large size tubers tended to form mora

sprouted eyes per tuber than small tubers although the

increase was slight, while in Majestic the differences

between large and small seed were not consistent.

Irrespective of seed size, however, Arran Pilot showed

more sprouted eyes per tuber than Majestic (Table 68).

TABLE 68

Effect of seed size and variety on the number of

sprouted eyes par tuber at the end of the sprouting

period in light

No. of sprouted eyes per tuber
the end of the sprouting

period in light

at

Variety
d1 d2

Mean

Large
Seed

Small
Seed Mean

Large
Seed

Small
Seed Mean

Arran Pilot 8.0 7.1 7.5 8.5 7.6 8.0 7.7

Majestic 5.1 k.7 k-9 5.3 5.1 5.2 5.0

Mean 6.5 5.9 6.2 6.9 6.3 6.6

N.B. d-|_ = desprouted on 4.1.61

— desprouted on 20.2.61
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TABLE69

Effectofpreviousstoragetreatmentonthenumberofsprouted eyespertuberattheendofthesprouting;periodinlight, desproutedatdifferentdates
Storage Temperature

ArranPilot

Majestic

Without T.C.N.B.

With T.G.N.B,

Without T.G.N.B.

With T.G.N.B.

d-|d2Mean
d-jd2Mean
d-jd2Mean
d-jd2Mean

High(65°-80°P) Medium(50°-60°F) Low(i40°P)

7.99.18.5 1•k8.57.9 8.18.98.5
6.86.26.5 6.95»56.2 8.19.99.0
/+.85.25.0 k.kk*5k*k 6.58.27.3
5.55.05.2 1.30.50.9 6.87.87.3

Mean

7.88.88.3
7.37.27.2
5.26.05.6
Z+.5

N»B,d-j_=desproutedon4.1.61 d^=desproutedon20.1.61
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(i) Effect of Time of Desprouting on the Number of

Sprouted Eyes per Tuber

Prolonged period of storage (d2) following storage
without T.C.N.B. tended to give a slightly greater number

of sprouted eyes per tuber (Table 69). This effect was

only seen with low temperature storage where tubers had

been treated with T.G.N.B. while at medium and high

temperatures longer periods of storage (d2) with T.G.N.B.

caused a reduction in the number of eyes which sprouted

(Table 69). This behaviour, associated with period of

storage under different storage conditions, was found to

a greater or lesser extent in both varieties (Table 69).

(ii) Effect of Previous Temperature of Storage and

Treatment with T.G.N.B. on the Number of Sprouted

E.V6S per Tuber at Planting Time

Tubers at low temperature, irrespective of variety,

TABLE 70

Effect of storage temperature before sprouting in
light on the number of sprouted eyes per tuber at

the end of the sprouting period in light

Storage
Temperature

Arran Pilot Majestic

d-| d2 Mean d^ d2 Mean

High (65°-80°E) 7.3 7.6 7.4 5.1 5.1 5.1

Medium (50°-60°F) 7.1 7.0 7.0 2.8 2.5 2.6
Low (40°F) 8.1 9.4 8.7 6.6 8.0 7.3

d-j = Desprouted on 4.1.61 d2= Desprouted on 20.2.61
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produced more sprouted eyes per tuber than those stored at

higher temperatures (Table 70) although it may be seen

from Table 69 that Arran Pilot stored without T.C.N.B.

showed little response to temperature treatment. In

Arran Pilot tubers stored at medium or high temperature

with or without T.O.N.B. (average of date of desprouting)

formed more or less the same number of sprouted eyes at

the end of the sprouting period (Table 69 and 70). On

the other hand, in Majestic the two temperature treatments

gave similar results where tubers were stored without

T.G.N.B. but when T.C.N.B. had been applied the number of

sprouted eyes was less from medium temperature storage

(Table 69).

In comparing T.G.N.B. and no T.G.N.B. treatments,

where tubers were stored at low temperature in both

varieties treatment with T.G.N.B. exerted no obvious

effect on the number of sprouted eyes subsequently formed

(Table 69). With higher temperatures of storage,

however, T.G.N.B. reduced the number of sprouted eyes

per tuber in Arran Pilot. In Majestic the reduction

was very marked in the case of medium temperature storage,

but at high temperature storage the numbers of sprouted

eyes in T.G.N.B. treated and untreated tubers were more

or less the same (Table 69).
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Effectofseedsizeandvarietyonthenumberofeyeshavingoneor moresproutsattheendofthesproutingperiodinlight Numberofeyespertuberhavingoneormoresprouts
Variety

d1

d2

LargeSeed

SmallSeed

LargeSeed

12345
12345
12345

Arran Pilot

5.601.360.850.210.01
4.961.150.830.10-
4.602.201.350.30

Majestic
3.910.830.350.05
3.850.650.150.05-
3.380.950.680.200.01

I

Mean

4.751.090.600.130.005
4.400.900.490.07-
3.991.571.010.250.005

SmallSeed 3k

5.211.610.560.18 3.660.900.450.060.03 4.431.250.500.120.01

d-j=Desproutedon4.1.61
d2=Desproutedon20.2.61



In considering the number of sprouts developed per

eye, it may "be seen from Appendix kl that the greater

proportion of eyes on tubers from most treatments

developed only one sprout. The number of eyes per tuber

having more than, one sprout at the end of the sprouting

period may be related to seed size, variety and storage

condition before sprouting in light.

(i) Seed Size and Variety

Large seed, averaged for storage treatments and

varieties, tended to give a greater number of eyes having

more than one sprout than small seed (Table 71)•

Similarly Arran Pilot, averaged for storage treatments,

had more eyes which produced more than one sprout than

Majestic (Table 71) •

(ii) Time of Desprouting

In comparing time of desprouting or periods of

storage before sprouting in light, it was noted that both

large and small tubers stored over the longer periods

before desprouting (d2) tended to produce more eyes having
over one sprout than those allowed to sprout earlier after

desprouting (d^) ,/Table 7l7- It may, however, be seen
in Table 72 and 73 respectively that exceptions occurred

where tubers had been previously stored for longer periods

(d2) with T.C.N.B. at high temperature in the case of

Arran Pilot or at medium temperature in Majestic,



TABLE72

Effectofpreviousstoragetreatmentonthenumberofeyeshavingoneormore sproutsinArranPilotatthetimeofplanting,sproutedinlightafter varyingperiodsofstorage
Storage Temperature before Sprouting in Light

Numberofeyespertuberhavingoneormoresprouts
WithoutT.G.N.B,

WithT.G.N.B. 234

High (65°-80°P) Medium_ (50°-60F)
6.31.100.500.05- 5.71.150.500.05-

Low

(40°F)

6.550.800.600.20-

WithoutT.G.N.B.

3.901.800.950.150.055.602.351.000.15 3.951.451.150.35 5.301.251.350.20
5.002.251.100.20 6.151.850.900.

05

d^=Desproutedon4.1.61 d2=Desproutedon20.2.61
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indicating a possible adverse effect of these treatments

on hud activity.

(iii) Effect of Previous Storage Treatment

In the case of Arran Pilot tubers stored without

T.C.N.B. and desprouted on i+th January (d^) the previous
storage temperature appeared to have no marked effect on

the number of sprouts produced per eye at the end of the

sprouting period in light (11th April) /Table 72/- With

the longer periods of storage (dp) without T.G.N.B.,

however, at high and medium temperature a greater number

of eyes developed more than one sprout compared with

previous storage at low temperature, although the increases

were slight (Table 72). With regard to T.C.N.B. treat¬

ment, high temperature treatment tended to give a smaller

number of eyes with more than one sprout than low and

medium temperature in the case of short periods of

storage -(d-j). When the period of exposure was prolonged
until 20th February (d2) low temperature treatment gave

more eyes having over one sprout than that of high and

medium temperature (Table 72). In comparing T.C.N.B.

and no T.C.N.B. treatments there was a slight tendency for

more sprouts to develop per eye in tubers treated with

T.C.N.B., irrespective of previous temperature of storage,

than in untreated tubers for the first desprouting

treatments (d-j) but in tubers stored for longer periods

(d2) at high or medium temperature, T.G.N.B. treatment
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Effectofpreviousstoragetreatmentonthenumberofeyeshavingoneormore sproutsinMajesticatthetimeofplanting,sproutedinlightafter varyingperiodsofstorage
Numberofeyespertuberhavingoneormoresprouts

Storage Temperature before Sprouting in Light

di

d2

WithoutT.G.N.B.

WithT.O.N.B.

WithoutT.O.N.B.

12345
12345
12345

High (65°-80°F)
4.250.450.050.05-
4.001.000.500.05-
4.450.500.200.05-

Medium (50°-60°F)
3.650.700.10

0.800.500.05

3.100.950.45-

Low

(40°F)

4.801.150.400.20-
5.800.650.35

5.251.501.100.35-
d.j=Desproutedon4.1.61

d2=Desproutedon20.2.61

WithT.C.N.B.
12345 2.501.450.700.300.05 0.35

0.05-0.10
5.501.150.900.25
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tended to reduce the number of eyes having more than one

sprout. However, T.C.N.B. at low temperature gave a

greater number of e.yes with more than one sprout than

comparable tubers stored without T.C.N.B. (Table 72).

In Majestic without T.G.N.B. increase in previous

temperature of storage, irrespective of periods of

exposure, tended to reduce the number of eyes having more

than one sprout. In the case of T.O.N.B. treatment

high temperature tended to produce more eyes having over

one sprout than low temperature (irrespective of periods

of exposure) and both of these temperature treatments

gave a large number of eyes having more than one sprout

compared with medium temperature (Table 73)* In

comparing T.G.N.B. and no T.G.N.B. treatment, treatment

with T.G.N.B. at high temperature showed a slight

tendency to give more eyes having over one sprout in

comparison with untreated, whereas there was little or

a slightly reversed effect with low temperature.

Treatment with T.C.N.B. at medium temperature, however,

had a very marked effect in reducing the number of eyes

having one or more than one sprout (Table 73).
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0. Studies on Plant Growth and Development

1. The Rate of Plant Emergence

To study the effect of different storage treatments on

the rate of plant emergence (after planting on 28th April)

counts of plants were made regularly twice a week from

10th May to 6th June. The final plant stand, recorded on

17th June, expressed as a percentage of the number of

tubers initially planted is given in Table 7h.

The data relating to the effect of different treat¬

ments on rate of plant emergence was subjected to

statistical analysis and for this purpose a "Germination

Rate Index" (Bartlett 1937) was calculated for each plot.

The analysis of variance for the main effects of variety,

seed size, date of desprouting and storage treatment and

the interaction between these factors are shown in

Appendix 50.

(i) Variety. It may be seen from Table 75 that plants

of Arran Pilot emerged on average earlier than those of

Majestic. There was, however, a significant interaction

between variety, treatment and date of desprouting.

Thus earlier emergence from Arran Pilot was evident when

comparing the two varieties desprouted on Uth January (d-j)
and on 20th February (d2) before sprouting in light,but
there was no significant difference between the two

varieties averaged for the various storage treatments

when the tubers were desprouted immediately before planting
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(Table 75). It is also noted that tubers of Majestic

stored at medium temperature without T.C.N.B. until near

planting time showed earlier emergence than that of Arran

Pilot stored over the same periods. This might be

related to the retarding effect of low temperature on

subsequent growth or the greater losses in tuber weight

following higher temperature storage in the latter variety.

(ii) Seed Siz6. Large seed emerged earlier than small

seed (Appendix 5l)>but the difference for different times
of desprouting was only significant at the early

desprouting date (Appendix 52) averaged for all storage

treatments and there was a significant interaction between

treatment, variety and seed size. In Majestic large seed

stored at medium temperature with T.C.N.B. (averaged for

three dates of desprouting) emerged significantly later

than small seed stored at the same temperature (Appendix

53) which may result from the adverse effect of T.C.N.B.

in combination with temperature on the vigour of sprout

growth in the former case. In fact, in Majestic large

seed stored at medium temperature with T.C.N.B. until

January (d-j) or February (d2) gave fewer sprouts and also
shorter sprouts at the end of the sprouting period (11th

April) than small seed (Appendix bb)•

(iii) Date of Desprouting. Tubers desprouted immediately

before planting (dj) were significantly slower in

emergence than those desprouted earlier and allowed to
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TABLE74

Effectofdifferentstoragetreatmentsonfinalplantstand (aspercentageoftubersinitiallyplanted)in ArranPilotandMariestic
Arran

Pilot

Majestic

Storage Temperature

Without T.G.N.B.

T

With
*0•N•B•

Without T.C.N.B.

T

With
.G«N.B»

d-]dgd-j
*1

d2

d3

d-jd2

d3

d1

d2

d3

High (65°-80°F)
100.087.556.25
100.0

96.25

6.25

100.076.25
U2.5

97.5

67.5

26.25

Medium„(50°-60F)
100.0100.0i+7-50
100.0

93.75

32.50

100.0100.0
88.75

36.25

12.50

13.75

Low

(2+0°F)

100.0100.0100.0
100.0

100.0

100.0

100.0100.0
100.0

100.0

100.0

100.0

cL|=Desproutedon2+.1.61 d2=Desproutedon20.2.61 d-^=Desproutedatthetimeofplanting.
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sprout in light (Appendix 52). Moreover, the earlier

desprouting (d^) treatment gave on average earlier
emergence than late desprouting (d2) (Appendix 52).
However, the interaction between time of desprouting,

treatment and variety was significant, and the effect of

time of desprouting and storage treatment on rate of plant

emergence are discussed separately for the two varieties.

Arran Pilot. With tubers sprouted on 4th January (d-j)

neither temperature nor T.G.N.B. had any significant

effect on the rate of plant emergence (Table 75 and Table

76) and all treatments gave complete plant stands.

However, wh6n the period of storage was extended until

20th February an unfavourable effect of previous storage

at high temperature was evident. Thus with high

temperature storage 96.25% of plants emerged where T.O.N.B.

had been applied and only 87.5% where no T.O.N.B. had been

applied; while medium temperature storage with T.O.N.B.

also gave an incomplete plant stand with 93»75% final

emergence (Table 74). Moreover, in plants that did

emerge the rate of emergence was slower following high

temperature storage in comparison with medium and low

temperature storage. This effect was significant in

tubers treated with T.O.N.B. comparing high with medium

temperature in favour of medium temperature and in tubers

stored without T.O.N.B. between high and low temperature

in favour of low temperature for early plant emergence
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(Table 75). Slow rate of emergence following prolonged

periods of storage (until 20th February) at high

temperature can also he illustrated in Tahle 76 which

shows that in the case of T.G.N.B. treated tubers

desprouted on 20th February (d2) the percentage of plant

emergence at high, medium and low temperature, 21 days

after planting, was respectively ^0$}, 6l?o and 57*7$ and

without T.C.N.B. treatment the corresponding figures were

35^, 55$ and 52.5/a respectively.

With the exception of high temperature storage where

a shorter storage period (until i+th January) before

sprouting showed better emergence,there was no significant

difference in the rate of plant emergence following medium

and low temperature storage, irrespective of treatment with

T.O.N.B.j between tubers desprouted on hth January (d-j)
and those desprouted on 20th February (d.2) (Table 75).

Thus in Arran Pilot there was no advantage in early

sprouting (Uth January, i.e. d-j) with regard to early plant
emergence except in the case of storage at 65°-80°F where

excessive weight loss (2k to 25$ total loss in tuber weight

desprouted on 20th February) resulted from longer periods

of storage and delayed subsequent plant emergence compared

with tubers stored for shorter period at 65°~80°F (8.6

to 8.7$ total loss in tuber weight desprouted on i+th

January). In the case of medium and low temperature

treatment, tubers stored for a short period (4 th January)
before sprouting in light, having large numbers of sprouts
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TABLE75

GerminationRateIndex:TreatmentxVarietyxDateofDesnrouting: Arran

Pilot

Majestic

i

•

StorageTreatment

Mean

di

d2

d3

Mean

*1

d2

d3

Mean

1.Storedat65°-80°Fwithout T.O.N.B.

0.723

0.561+

0.176

0.1+88

0.662

0.525

0.212

0.1+66

0.1+77

2.Storedat50°-60°Fwithout T.O.N.B.

0.685

0.630

0.253

0.523

0.617

0.598

0.351

0.522

0.522

3-Storedat1+0°Fwithout T.O.N.B.

0.687

0.61+0

0.239

0.522

0.601

0.511+

0.185

0.1+33

0.1+78

1+.Storedat65°-80°J?with T.O.N.B.

0.705

0.581

0.125

0.1+70

0.651

0.1+61

0.125

0.1+12

0.1+1+1

5.Storedat50°-60°Pwith T.O.N.B.

0.701

0.659

0.220

0.527

0.612

0.203

0.090

0.302

0.1+11+

6.Storedat1+0°FwithT.C.N.B.
0.693

0.651

0.250

0.531

0.626

0.560

0.175

0.1+53

0.1+92

Mean

0.699

0.621

0.211

0.510

0.628

0.1+77

0.189

0.1+31

d-j=Desproutedon1+.1.61
d2=Desproutedon20.2.61 d^=Desproutedatthetimeofplanting

S.E.ofVariety+0.017 S.E.ofVarietyxDateofDesprouting+0.015 S.E.ofTreatment+0.011 S.E.ofTreatmentxVariety+0.015S.E.ofTreatmentxVarietyxDateofDesprouting+0.026
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of higher length categories (over 61 mm.) at the time of

plan ting, failed to show any significantly earlier

emergence than those stored for a longer period (until

20th February). This result is identical with that of

Headford (1960 and 1962) who showed that sprout length

above 15 mm. does not significantly hasten plant

emergence.

Tubers planted directly after desprouting showed a

much slower emergence rate (Table 75 and Table 76) than

tubers sprouted in light during January (d^) and February

(d2) and in the case of medium and high temperature
treatment a marked reduction in the final plant stand

was noted (Table 74)• With regard to T.O.N.B. treatment,

the reduction in final plant number was most marked at

high temperature where there was only 6.25$ final

emergence; at medium temperature 32.5$ of the plants

emerged. Without T.O.N.B. the corresponding figures

were 56.25$ and 47.5$ respectively (Table 74). With

plants that did emerge for both T.O.N.B. and no T.G.N.B.

treatments, tubers stored at high temperature produced

plants above ground much later than those stored at medium

and low temperature. In the case of untreated tubers

(no T.O.N.B.), the difference between medium and high

temperature in favour of medium temperature for early

plant emergence was significant, but the differences

between low and high or low and medium temperatures were

not significant (Table 75). With regard to T.O.N.B.



ArranPilot

di

Storage

Treat¬

ment

Percentageofemergenceofplant

atdifferentdaysafterplanting

12
12+18212528323539

Storedat

65°-80°P

Without

T.C.N.B.11.216.256.275.093.798.7100

Storedat

50°-60°F

Without

T.G.N.B.6.28.743.766.295.097-598.7100

Storedat

40

°F

Without

T.G.N.B.12.512.547.560.088.797-5100

Storedat

65°-80°P

With

T.O.N.B.7.57.561.266.295.098.798.7100

Storedat

50°-60°F

With

T.G.N.B.3.510.060.073.790.095.098.7100

Storedat

40°Fwith

T.C.N.B.2.58.748.768.795.0100

dc

d3

Percentageofemergenceofplant

atdifferentdaysafterplanting

Percentageofemergenceofplant

atdifferentdaysafterplanting

1214182125283235391214182125283235

39

1.21.218.735.066.275.081.282.587.500001.22.58.718.745.0

1.22.540.055.082.591.296.298.710000001.25.023.731.251.2

2.53.725.052.593-7100000008.731.075.0100

0018.740.077.588.793.795.096.00000002.52.56.2

02.537.561.086.291.292.593-793.7000001.212.518.730.0

2.55.028.753.796.2100

p

oooo6.28.738.777.5100

j;

Majestic

---„

v.'

121418212528323539

Storedat

65°-80°F

Without

T.G.N.B.2.55.046.258.785.096.2100

Storedat

50°-60°F

Without

T.G.N.B.1.21.235.050.075.092.5
100

Storedat

40

°F

Without

T.O.N.B.1.23.730.043.770.095.097.5100

121418212528323539121418212528323539

0010.031.251.257.565.066.270.00000007.521.232.5

0040.050.068.787.595.097.51000001.215.035.065.071.086.2

Storedat

65

-80°P

With

T.G.N.B.

Storedat

50°-60°F

With

T.G.N.B.

Storedat

40°PWith

T.G.N.B.

2.53.7
46.260.081.291.293.797.597.5

008.716.222.526.227.527.530.0

3.76.241.245.073.796.298.798.7100

0013.723.753.776.295.0100

"4

002.511.233.741.250.058.765.0

0002.55.06.26.27.57.5

0032.535.060.081.295.0100

0

u

000001.213.7
51.2100

0
0

0
000

1.23*7
12.5

Q
0

0
00

00
1.213.7

00
0

00
6.2

47.5100

N.B.d^

=Desproutedon4.1.61

6.2
=Desproutedon20.2.61

d,
=Desproutedatthetimeof

planting.
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treatment, tubers stored at medium and low temperatures

produced plants above ground significantly earlier than

those stored at high temperature. In spite of the

dormant condition of tubers due to storage at low

temperature throughout, the plants emerged significantly

earlier than from tubers stored at high temperature and

as early as the medium temperature treatment: this

result indicates that the germinating power of the tuber

was affected adversely by storage at medium temperature

(total loss in weight of tuber 33-k7%) and high

temperature (total loss in weight of tuber 50-51%) on

account of excessive loss in weight of the tuber.

Majestic. In tubers stored until i+th January (d^)
before desprouting, the combined effect of T.C.N.B. with

medium or high temperature storage had an adverse effect

on final plant stand (Table Ik)- After medium

temperature storage only 36.25$ of the tubers produced

plants,whereas after high temperature storage the effect

was slight giving 31-5% final emergence. In all other

cases complete plant stands were eventually produced.

In plants that did emerge, however, neither temperature

nor T.C.N.B. treatment had any significant effect on the

rate of emergence (Table 75).
With the longer period of storage before desprouting

(until 20th February) the adverse effect of T.G.N.B. on

final plant emergence was aggravated,with only 12.5$
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final emergence from medium temperature storage and 67.5$

from high temperature storage (Tahle 74). High

temperature without T.G.N.B. also gave an incomplete final

plant stand of 76.25$. The rate of plant emergence also

varied according to the previous storage temperature and

T.G.N.B. treatment. Tubers stored without T.G.N.B.

emerged significantly earlier when previously stored at

medium temperature than where storage had been at high or

low temperature. This may be attributed to the longer

length of sprouts in medium temperature treatment which

showed a larger number of longer sprouts (Table 64) at

the end of the sprouting period than those stored at high

and low temperature. There was no significant difference

between the effect of high and low temperature treatments

on the rate of plant emergence. Early plant emergence

following storage at medium temperature until February

(dg) can also be illustrated in Table 76 which shows that

tubers stored at medium, high and low temperature without

T.G.N.B. until 20th February (dg) had 50$, 31$ and 23$

plant emergence respectively after 21 days of planting.

In the case of T.G.N.B. treatment, tubers stored at

medium temperature showed a significantly delayed

emergence in comparison with low and high temperature

treatments,while high temperature storage with T.G.N.B.

had a less marked but significant delaying effect in

comparison with low temperature storage (Table 75).

Earlier emergence following low temperature treatment can
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also "be illustrated in Table 76: tubers stored at low,

high and medium temperature with T.G.N.B. until 20th

February (^2) had respectively 35%, 11»2^2 and 2.5% plant

emergence after 21 days of planting. In comparing

T.G.N.B. and no T.G.N.B. treatment, tubers stored at

medium temperature without T.G.N.B. until 20th February

(d2) emerged earlier than those stored with T.G.N.B. for

the same period, but at high and low temperatures the

differences between T.G.N.B. and no T.G.N.B. were not

significant (Table 75).

With the exception of medium temperature storage

without T.C.N.B.j tubers desprouted on Uth January emerged

significantly earlier than those desprouted on 20th

February (Table 75). It seems that in Majestic there is

an advantage in early sprouting for early plant

emergence. Early plant emergence in tubers stored for a

short period (until l±th January) before sprouting can be

illustrated in Table 76 which shows that tubers desprouted

on l+th January (d.|) achieved 50%> plant emergence between
18 to 21 days after planting, whereas 21 to 25 days were

required in the case of tubers desprouted on 20th

February (d ).

Tubers planted immediately after removal of sprouts

(d-j) produced plants above ground significantly later
than sprouted tubers (d-j and dq) ^Table 75/ only after

low temperature storage were full plant stnads obtained

(Table 76). In tubers stored with T.G.N.B. high
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temperature storage gave only 26.25% final emergence,

while medium temperature storage produced a still lower

figure - 15.75%. In tubers stored without T.O.N.B. the

corresponding figures were somewhat higher reaching

k2.5% in the case of high temperature and 88.75% in the

case of medium temperature (Table 7k)• The rate of

emergence was significantly higher from medium temperature

storage without T.G.N.B. than from all other treatments,

whereas T.O.N.B. at medium temperature resulted in a

significantly slower rate of plant emergence than that

from all other storage treatments. In both T.C.N.B.

and no T.C.N.B. treatments the difference in rate of

plant emergence between low and high temperature treatment

was not significant (Table 75).
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2. Observations on Plant Growth in the Field

Observations on plant growth during the growing

season were made from the periodic lifting of plants at

three week intervals from 56 to 119 days after planting.

Dry weights of foliage and tubers were recorded at the

different dates of sampling for the various treatments of

each variety and the results are given in Appendix 55 and

Tables 77, 78, 79 and 80. The figures are based on the

average of six plants, three from each seed size. It may

b6 seen from Appendix 55 that large seed tended to produce

greater amounts of foliage and tubers than small seed but

the effect was not consistent for all treatments being

absent or reversed where tubers had been stored at higher

temperature over a prolonged period. As the two

varieties showed different responses to storage conditions

the effects of treatment are considered separately for

each variety.

Arran Pilot

(i) Seed Tubers Stored until 4th January before

Sprouting in Light

While the previous storage conditions of seed tubers

sprouted in January (d^) did not show any significant
effect on the rate of plant emergence (Table 75 and 76),
the subsequent growth of plants appeared to be considerably

influenced by the storage temperature. Growth of foliage,

irrespective of T.G.N.B. treatment,.was notably restricted
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Effect of different storage treatments on the dry weight (gm.) of foliage
per -plant at different stages of plant growth in Arran Pilot

(average of two seed sizes)

Storage
Temperature

Without T.O.N.B.

d1 d2 d3

X1 x2 13 x4 11 12 13 I4 11 x2 x3 14

High
(65 -80°F) 5.08 2.11 3.33 0 1.42 0 0 0 0.16 1.90 3.67 0.33

Meaium
(50°-60°P) 11.22 14.33 12.50 2.11 8.33 4.0 5.0 0 0.34 2.70 1.50 0

Low
(40°F) 19.20 36.66 30.67 9.0 23.30 29.33 43.33 12.00 12.33 33.50 54.38 29.66

d.| = Desproutea on 4.1.61
a2 = Desproutea on 20.2.61
a3 = Desproutea at the time

of planting

1-j = Liftea 56 aays after planting
12 = Liftea 77 aays after planting
13 = Liftea 98 aays after planting
li, = Liftea 119 days after planting

With T.G.N.B.

d1 d2 d3

3-1 12 I3 1^ 11 12 13 d4 3.1 12 I3 1^

1.41 2.11 5.66 0 1.88 1.33 0.83 1.50 0.15 0 1.83 0

6.81 9.38 9.97 19.00 3.11 13.00 4.83 0.33 0.54 0.35 9.48 10.16

18.00 35.50 24.50 9.11 23.83 23.50 17.17 7.50 19.41 25.50 43.00 27.83
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Effect of different storage treatments on the dry matter (gm) production
of tubers per plant at different stages of plant growth in Arran Pilot

(average of two seed sizes)

Storage
Temperature

Without T.C.N.B.

d1 d2 d3

3-1 12 I3 li| ll 12 I3 11 x2 13 14

High
(65°-80°F) 9.41 9.67 21.50 31.0 4.33 5.67 5.66 4.00 0.08 4.75 9.17 4.17

Medium
(50°-6O°F) 16.5 43.5 77.83 42.33 14.91 15.0 30.16 13.38 0.34 1.96 6.17 3.75

Low
(40°F) 29.83 74.33 174.83 142.5 10.66 76.50 149.16 150.50 2.23 57.00 163.83 189.83

d.) = Desprouted on 4.1.61
d2 = Desprouted on 20.2.61
d^ = Desprouted at the time

of planting

1-j = Lifted 56 days after planting
12 = Lifted 77 days after planting
1^ = Lifted 98 days after planting
It. = Lifted 119 days after planting

With T.O.N.B.

d„
2 d3

3-1 I2 I3 1^ 3-1 12 I3 1^ X1 12 x3

5.25 7.50 42.0 19.62
*
\

5.83 8.16 11.00 26.66 0.04 0 4.0 0

12.50 54.25 50.50 26.16 5.92 19.5 30.83 11.66 4.58 4.01 42.0 16.33

13.41 73-50 126.16 131.83 10.92 66.66 85.33 115.50 4.0 40.92 114.16 172.33

at'-"



in seed tubers previously stored at high temperature and

was also reduced in seed tubers stored at medium

temperature in comparison with those stored at low

temperature (Table 77)» In the case of both T.C.N.B.

treated and untreated seed, the growth of tubers was also

adversely affected from high and medium temperature treat¬

ment (Table 78). Maximum dry matter (gm.) of foliage and

tubers per plant on any date of sampling was generally

found in seed tubers stored at low temperature with lowest

dry matter followed high temperature treatment

irrespective of T.C.N.B. (Table 77 and 78). It was also

observed that with high and medium temperature treatments

the mother tuber sometimes formed many small tubers under¬

ground with practically no growth of foliage, i.e. a

'little potato' effect (Davidson 1958). Plate k A shows

the restricted growth of foliage and tubers at first

sampling date associated with higher temperature of

storage before sprouting.

(ii) Seed Tubers Stored until 20th February before

Sprouting in Light

The unfavourable effect of high and medium temperature

treatments on subsequent plant development was more marked

when the period of exposure was prolonged until February

(d2) and the incidence of 'little potato' also increased
(Plate 1+ B taken at first sampling date). In February

sprouted seeds, irrespective of T.O.N.B. treatment,
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PLATE h

EXPERIMENT k (I96O-61)
SHOWING GROWTH OP FOLIAGE AND TUBER YIELD AT FIRST LIFTING

DATE (56 DAYS AFTER PLANTING, I.E. 29th JUNE) IN ARRAN PILOT
AS INFLUENCED BY DIFFERENT STORAGE TREATMENTS BEFORE

SPROUTING OR PLANTING

A. STORED UNTIL Uth JANUARY (d,)

B. STORED UNTIL 20th FEBRUARY (d2)

C. STORED UNTIL PLANTING TIME (d3)

I. STORED AT 65°-80°F WITHOUT T.C.N.B.
II. " » 50°-60°F " "
III. " " Ii.0oF " "
IV. STORED AT 65°-80°F WITH T.C.N.B.
V. « " 50°-60°F " "
VI. " " Ij.0oF " "
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maximum dry weight of foliage and tubers was again found

at low temperature, intermediate at medium and lowest at

high temperature at comparable sampling dates (Table 77

and 78).

(iii) Seed Tubers Planted Directly from Storage

With seed tubers planted directly from storage after

desprouting the unfavourable 6ffect of medium and high

temperature on subsequent plant development was again

evident (Plate 0 tahen at first sampling date) giving

rise in most cases to a 'little potato' type of tuber

formation (Table 77 and 78).

Seed tubers planted directly from storage emerged

significantly later than sprouted seeds irrespective of

storage treatment (Table 75 and 76), but it is interesting

to note that while unsprouted seeds at low temperature

(d^)^ regardless of T.C.N.B. treatment, formed a smaller
amount of dry weight of tubers than those sprouted daring

January (d^) and February {cIq) after medium and high

temperature storage during the first sampling (56 days

after planting), at all later dates they produced a greater
amount of dry weight of foliage and tubers (Table 77

and 78).

(iv) Seed Tubers Stored at Low Temperature (hO°F)

before Sprouting or Planting

In considering the effects of sprouting on seed tubers

stored at low temperature in comparison with unsprouted
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seeds (d^), while sprouted seeds (January and February,
i.e. d^ and 6-2) gave earlier emergence and some advantage
in early growth, the foliage showed earlier senescence and

at the final two liftings (98 and 119 days after planting)^
tuber yields from sprouted (d-j and 6.2) an(3- unsprouted

seeds (d^) were more or less similar^but with a tendency
for yields to be higher from unsprout6d seeds (dj)
/Fig» I^/. It seems that irrespective of T.G.N.B. treat¬

ment, growth and senescence of leaves varies according to

the time of sprouting. Earlier growth of foliage in

sprouted seeds may give more rapid tuber production in

the early growth stage, but early senescence of leaves

may restrict the further growth of tubers in comparison

with unsprouted seed ^3). It may also be seen from

Fig. 13 that untreated (no T.G.N.B.) seeds tended to

produce greater dry weights of tuber and foliage than

T.G.N.B. treated seeds on any date of sampling.

Ma.iestic

(i) Seed Tubers Stored until Jjth January before

Sprouting in Light

In seed tubers sprouted during January (d-j) the

effect of previous storage temperature on plant growth and

development varied according to whether or not seed tubers

had been treated with T.G.N.B. (Table 79 and 80).

Storage at high or at medium temperature without T.G.N.B.

until January (d-j) tended to give earlier plant emergence
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TABLE 79

Effect of different storage treatments on the dr.v weight (coil.) of foliage
•per plant at different stages of plant growth in Ma.iestic

(average of two seed sizes)

Storage
Temperature

Without T.O.N.B.

X1 X2 X3 \

&r

11 lg 1^ 11 12 13

High
(65 -80 F) 27.92 34.33 53.00 30.83 5.11 9.83 11.50 2.50 1.13 4.83 1.91 2.00

Medium
„

(50°-60 F) 32.41 37.14 58.67 40.17 19.66 35.00 23.17 17.50 0.75 9.83 4.11 O.83

Low
(40°F) 30.75 51.66 53.67 43.33 34.91 51.66 92.83 53.50 16.41 56.17 90.66 61.66

d^ = Desprouted on 4.1.61
d2 = Desprouted on 20.2.61
d^ = Desprouted at the time

of planting

1-j = Lifted 56 days after planting
12 = Lifted 77 days after planting
1-j = Lifted 98 days after planting
1^ = Lifted 119 days after planting

With T.O.N.B.

d1 d2 a3

11 12 13 14 ll 12 I3 1]+ 1-j 12 I3 ^ij.

24.50 22.33 38.33 19.67 7.20 6.66 O.16 0 0.09 0 4.83 5.00

13.33 22.11 41.50 4.61 0 8.83 16.33 5.67 0 0 1.5 2.33

27.41 40.83 64.50 50.00 32.66 44.83 62.50 52.67 19.50 44.67 59.17 57.50



TABLE 8Q

Effect of different storage treatments on the dry matter (gm.) -production of
tubers per plant at different stages of -plant growth in Ma.iestic

(average of two seed sizes)

Without T.G.N.B.

Storage d.
Temperature

d2 d3

11 12 13 *4 3-1 12 I3 1^ ll 12 I3 1^

High
(65°-80°F) 21.0 70.17 161.33 189.33 11.75 15.53 31.83 20.83 1.93 4.33 4.50 9.33

Medium
(50°-60°F) 14.33 50.50 191.33 234.67 14.17 66.16 84.0 1 22.33 5.83 20.66 33.83 18.66

Low
(40 F) 7.75 67.50 165.16 249.33 15.91 84.0 221.17 266.33 0.44 53.00 172.00 226.00

d.j = Desprouted on 4.1.61
d2 = Desprouted on 20.2.61
d, = Desprouted at the time

of planting

1-j = Lifted 56 days after planting
12 = Lifted 77 days after planting
13 = Lifted 98 days after planting
1^ = Lifted 119 days after planting

With T.G.N.B.

di d2 a3

11 x2 13 ^ l-I I2 13 14 ll 12 I3 1^

16.58 46.50 134.16 137.67 7.84 13.68 3.83 4.50 0.43 0.08 5.83 17.66

7.50 39.50 129.83 134.33 0 9.0 34.16 23.00 0 0 8.50 9.83

9.75 60.00 177.16 258.67 15.33 64.00 153.67 243.16 3.54 40.0 133.66 238.33
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followed by higher tuber yields up to the third sampling

date (98 days after planting) compared with storage at

low temperature. On the fourth sampling date (119 days

after planting), however, maximum dry weight of tubers was

noted for low temperature, intermediate for medium and

lowest for high temperature treatments (Pig. 1k A).

Storage at medium and high temperature with T.G.N.B. gave

lower yields of tubers and foliage than low temperature

storage from the second sampling data (77 days after

planting) onwards (Pig. 1U B). At low temperature there

was no marked difference between T.G.N.B. treated and

untreated seeds with regard to the growth of foliage and

tuber production of plant, whereas at medium and high

temperature treatment untreated (no T.G.N.B.) seeds gave

a greater dry weight of tubers and foliage than those

stored with T.G.N.B. irrespective of time of lifting

(Pig. 11+ A and B) /Plate 5 A taken at first sampling

dat§7.

(ii) Seed Tubers Stored until 20th February before

Sprouting in Light

An unfavourable effect of medium and high temperature

storage, irrespective of T.G.N.B. treatment, on subsequent

growth of foliage and tuber production of plants with

prolonged exposure was very evident in Majestic (Plate 5 B

taken at first sampling date). Thus seed tubers stored

at medium and high temperature, irrespective of T.G.N.B.
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PLATE 5

EXPERIMENT 4 (1960-61)
SHOWING GROWTH OP POLIAGE AND TUBER YIELD AT FIRST LIFTING
DATE (56 DAYS AFTER PLANTING, I.E. 29th JUNE) IN MAJESTIC

AS INFLUENCED BY DIFFERENT STORAGE TREATMENTS BEFORE
SPROUTING OR PLANTING

A. STORED UNTIL 4th JANUARY

B. STORED UNTIL 20th FEBRUARY

C. STORED UNTIL PLANTING TIME

I. STORED AT 65°-80°F WITHOUT T.C.N.B.

II. ti tt 50°-60°F " »

III. 11 tt 40°F " "

IV. STORED AT 65°-80°F WITH T.C.N.B.

V. tt 11 50°-60°F " "

VI. 11 11 40°F " "
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treatment, until 20th February (d2) gave a smaller dry

weight of foliage and tuher at any date of sampling than

those stored at low temperature (Table 79 and 80). At

high and medium temperature T.C.N.B. treated seeds showed

smaller dry weight of tuber and foliage at different dates

of sampling than comparable tubers stored without

T.O.N.B. At low temperature there was no marked effect

of T.C.N.B. on dry matter production of tubers and foliage

(Table 79 and 80).

(iii) Seed Tubers Planted Directly from Storage

The depressing effect of high and medium temperature

storage, irrespective of T.O.N.B. treatment, was also

marked where storage was prolonged until planting time

(d-^). In the case of seed tubers stored without T.O.N.B.,
the reduction in tuber yield was less at medium than at

high temperature, whereas seed tubers previously treated

with T.O.N.B. yielded eratically in all cases (Plate 5 0

taken at first sampling date). Seed tubers stored at

low temperature, irrespective of T.O.N.B. treatments, gave

maximum dry weight of foliage and tubers at different

dates of sampling (Table 79 and 80).

(iv) Seed Tubers Stored at Low Temperature before

Sprouting or Planting

Seed tubers stored at low temperature and sprouted

in light on 4th January (d-j) and 20th February (d2),
irrespective of T.G.N.B. treatment, produced greater dry
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weights of tubers than those stored throughout (d^) at any
date of sampling (Table 80 and Fig. 15 A and B). It may

be noted in Fig. 15 A and B respectively that seeds stored

at low temperature without T.O.N.B. until 20th February (d£)
and in the case of T.O.N.B. treated seeds until Uth

January (d-j) tended to show maximum tuber production.
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Averagenumberoftuber"bearingstemsperplantin twoseedsizesoftwovarieties
Variety

LargeSeed

SmallSeed

Mean

.Underground
Mam"branchTotal Stemwithstolon

,Underground
Mam"branchTotal Stemwithstolon

Underground
Mam"branchTotal Stemwithstolon

Arran Pilot Majestic
2,272,855-12 1.S00,932.83
1.802,013.81 1.500,902.40
2.032,1+34.46 1,700.912.61

Mean

2.081.893-97
1.651.453-10 TABLE62

Effectofseedsizeandvarietyonnumberof aerialstemsin1000/acre
Variety

Seed

Size

Mean

Large

Small

ArranPilot Majestic

98.52 i+o.1U

78.41 34.08

88.46 37.11

Mean

69.33

56,24

S.S,ofSeedSize+1„46
S.S,ofVxS+2,06
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3« Numbers of Stems per Plant

The numbers of main stems from the seed tubers and

underground branches from the main stem forming aerial

stems and able to bear tubers were recorded during the

first three sampling dates from the small scale experimental

plot and the means of three dates of sampling for the

various treatments have been presented in Appendix 56.

In addition, counts of aerial stems in the yield trial

were made on 17th June and the data subjected to

statistical analysis (Appendix 57)»

The number of main stems as well as underground

branches giving rise to aerial stems varied with variety,

Arran Pilot forming a greater number of stems per plant

than Majestic averaged for all treatments and seed size

(Table 81)»- This can be supported from the results of

the yield trial experiment which indicated that Arran

Pilot had a significantly greater number of aerial stems

per acre than Majestic (Table 82). In both varieties

large seed formed a greater number of stems than small seed

(Table 81) and the difference in favour of large seed was

significant (Table 82). However, the effect of seed size

was not consistent for all treatments, being absent or

reversed where tubers had been stored at higher temperature

over a prolonged period (Appendix 56).
The effects of different storage treatments on the

numbers of main stem and underground branches from the

main stem per plant (averaged for the two seed sizes)
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may be conveniently considered separately for the two

varie ties.

Arran Pilot. Irrespective of T.C.N.B. treatment and time

of desprouting, increase in temperature of storage before

sprouting in light caused a decrease in the number of

main stems as well as underground branches from the main

stem (Table 83). Table 63 showed that seeds stored at

high and medium temperature, irrespective of T.C.N.B. and

time of desprouting, formed a larger number of sprouts

between 31-60 and over 60 mm. at the end of the sprouting

period (11th April) than those stored at low temperature.

It seems that previous storage at medium and high

temperature, however, had an adverse effect on subsequent

terminal or axillary bud activity. This adverse effect

of medium and high temperature was more marked when the

period of exposure was prolonged (Table 83 and 85). The

main effect of storage treatment (average of three dates of

desprouting) indicated that the numbers of aerial stems

(main + underground branches from the main stem) were

maximum for low temperature, intermediate for medium and

lowest for high temperature treatments, regardless of

T.G.N.B. treatment (Table 85). The differences between

low and medium in favour of low temperature and. between

medium and high in favour of medium temperature were

significant (Table 85).

With respect to the effect of time of sprouting in
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TABLE

83

Effectofdifferentstoragetreatmentsonthenumberoftuber-producing stemsperplant(averageoftwoseedsizesandthreedatesofsampling) inArranPilot

Storage Temperature

WithoutT.C.N.B.

With*..

T.O.N.B.

4i

d2

d3

d1

d2

d3

M.S.U.B.Total
M.S.U.B.Total
M.S.U.B.Total
M.S.U.B.Total
M.S.U.B.Total
M.S.U.B.Total

High (65°-80°F)
1.050.781.83
0.110.330.44
0.660.060.72
0.890.331.22
0.720.270.99
0.5000.50

Medium (50°-60°F)
2.053-345.39
1.501.883.38
0.890.111.00
1.662.844.50
1.771.343.11
0.830.671.50

Low

(40°F)

2.446.288.72
3.667.5011.16
6.721.788.50
2.447.009.44
2.946.399.33
5.772.928.69

d^=Desproutedon4.1.61 "20.2.61
" atthetime ofplanting

d2- d3=

M.S.=MainStem U.B.=Undergroundbranchesfrom mainstembearingtuber
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light on subsequent stem numbers per plant, seed tuhers

from low temperature treatment may he taken as an example

as they did not suffer any excessive loss in weight for

any of the three periods of storage. Irrespective of

T.G.N.B. treatment, sprouted seeds (d-j and dg) formed a

significantly greater number of aerial stems per acre than

unsprouted seeds (Table 85). This increase in stem

number (Table 85) from sprouted (d-j and dg) seed compared

with unsprouted seed (£3), however, appeared to be due to
a greater numbers' of underground branches from the main

stem (Table 83) and the actual numbers of main stems may

be less in sprouted seed. This is indicated in Pig.

16 A and B where longer periods of low temperature storage

before sprouting or planting resulted in an increase in

numbers of main stems but a decrease in underground

branches. As a result of the greater numbers of under¬

ground branches, sprouted seeds showed significantly

larger numbers of aerial stems per acre than unsprouted

seeds (Table 85). It may also be noted that February

(d£) sprouted seeds which formed more sprouts than
January (d-j) sprouted seeds (Table 63} gave rise to more

main stems (Fig. 16 A and B).

With regard to main stem development in the case of

low temperature treatment,this result agrees with that of

Toosey (i960) who indicated that delay in sprouting from

low temperature storage caused an increase in sprout

numbers and subsequently increased the number5 of main
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Fig.16EFFECTOFVARYINGPERIODSOFLOWTEMPERATURE(40F)STORAGEANDOFT.C.N.B.TREATMENT
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stems per plant. However, it seems from the above result

that the number of underground branches able to form

tubers cannot be entirely ignored in considering stem

development and that the length of sprout growth and

axillary bud activity are also factors to be taken into

account with respect to the number of potential sites for

tuber formation. The difference in aerial stem numbers

(main stem + underground branches) between T.G.N.B.

treated and untreated seeds at low temperature on any

date of sprouting was not significant (Table 85).

Majestic. A decrease in stem numbers associated with

previous storage at high and medium temperature was quite

evident in Majestic. This effect of higher temperature

on stem development was found to a greater or lesser extent

in T.G.N.B. treated and untreated seed and was

accentuated with longer period of storage (Table 8i| and

85).

When the period of heat treatment was short,until

January (d^) (with the exception of T.G.N.B. at medium
temperature)j there was no significant difference in aerial

stem number (main stem + underground branch) per acre

between the different storage treatments (Table 85).

Table 61+ showed that seeds stored at high temperature

(irrespective of T.G.N.B.) and at medium temperature

(without T.G.N.B.) tended to give a larger number of

sprouts between 31~60 mm. than those stored at low
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TART.TCAh.

Effectofdifferentstoragetreatmentsonthenumberoftuber-producingstems-perplant(averageoftwoseedsizesandthreedatesofsampling) inMa.iestic
Storage Temperature

WithoutT.O.N.B.

With

di

I

d2

d3

M.S.U.B.Total
M.S.U.B.Total
M.S.U.B.Total
M.S.U.B.Total

High (65-80°P)
2.441.063.50
0.780.271.05
0.550.050.61
2.281.443.72

Medium (50°-60°F)
1.662.173.83
1.890.442.33
0.880.060.94
1.660.612.27

Low

(U0°F)

1.672.273.94
2.492.394.88
3.720.454.17
1.612.784.39

d1 d2
d3

Desproutedon4.1.61 ""20.2.61
" atthetime ofplanting

M.S.=MainStem U.B.=Underground"branchesfrom mainstemhearingtubers

T.O.N.B.

!

d2

d3

M.S.U.B.Total
M.S.U.B.Total

0.830.110.94
0.330.110.44

-.
0.5000.50
1.220.050.27

2.781.884.66
4.330.324.65
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TABLE8£

Effectofdifferentstoragetreatmentsonthenumber(thousands) ofaerialstemsperacreinArranPilotandMa.iestic (averageoftwoseedsizes)
StorageTreatment

Arran

Pilot

Majestic

Mean

d1

d2

d3

Mean

d1

d2

d3

Mean

1.Storedat65°-80°Fwithout T.C.N.B.

88.2+1

50.66

17.26

52.11

51.79

22.10

13.71

29.20

2+0.65

2.Storedat50°-60°Pwithout T.O.N.B.

12+0.20

95.35

13.07

82.87

55.32+

2+2.2+3

25.33

2+1.03

61.95

3.Storedat2+0°Fwithout T.O.N.B.

156.98

159.56

88.89

135.12+

61.2+7

62+.37

2+8.2+0

58.08

96.61

2+.Storedat65°-80°Pwith T.O.N.B.

103.72+

67.27

1.13

57.38

53.22+

25.97

6.92+

28.72

2+3.05

5.Storedat50°-60aPwith T.O.N.B.

119.71

77.28

13.23

70.07

12+.36

3.06

2.90

6.78

38.2+2

6.Storedat2+0°PwithT.G.N.B.
161.98

150.36

87.28

133.21

62.11

63.2+0

50.98

58.83

96.02

Mean

128.50

100.08

36.81

88.2+6

2+9.72

36.89

22+.71

37.11

d-|=Desproutedon2+.1.61 dg=Desproutedon20.2.61 d=̂Desproutedatthetimeofplanting.
ofVariety+1.2+6 ofVarietyxDateofDesprouting+2.53 ofTreatment+1.68 ofTreatmentxVariety+2.36 ofTreatmentxVarietyxDateofDesprouting+1+.10
S.E. S.E. S.E. S.E. S.E.
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temperature. It seems that previous storage at medium

and high temperature, however, had an adverse effect on

subsequent terminal or axillary hud activity and reduced

the number of aerial stems per acre (Table 85).

The main effect of storage treatment (average of

three dates of desprouting) indicated that untreated seeds

(no T.C.N.B.) stored at low temperature gave a

significantly greater number of aerial stems per acre

than those stored at medium temperature and both of these

temperature treatments produced a significantly greater

number of stems than high temperature treatment. In the

case of T.C.N.B. treatment maximum number of aerial stems

were formed at low temperature, intermediate at high and

lowest at medium temperature and the differences are

significant (Table 85).

Summarising the effect of period of sprouting on

subsequent development of stem number per plant after low

temperature storage (irrespective of T.G.N.B. treatment),
sprouted seeds (January and February sprouted) formed a

significantly greater number of aerial stems per acre than

unsprouted seeds (planted directly from cold storage)

^Table 8^7. This significant difference in stem number

per acre may again be related to the greater number of

underground branches produced from the main stem in the

case of the sprouted seeds (Table 8k and Fig. 16 C and D).

Fig. 16 C and D indicate that the number of main

stems formed per plant varies directly with delay in
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sprouting in light, whereas the number of underground

branches from the main stem able to produce tubers is

inversely proportional to the delay in sprouting and is

presumably related to sprout length at planting time

(Table 61+). Irrespective of T.C.N.B. there was no

significant difference in the number of aerial stems

(main stem + underground branches) per acre betv/een

January (d-j) and February sprouted (dg) seeds (Table 85).
However, February sprouted seeds formed a greater number of

main stems than January sprouted seeds (Table 8k and

Fig. 16 G and D). Table 6k shows that tubers sprouted

during February (&2) from low temperature storage formed
more sprouts per tuber than those sprouted during January

(d-i) from the same temperature, indicating that the

number of main stems varied directly with the number of

sprouts per seed tuber.
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Numberoftubersperplantintwoseedsizesoftwovarietiesat differentstagesofplantgrowth(averageoftreatment) Numberoftubersperplantondifferentdaysafterplanting
Variety

56

77

98

119

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean

Arran Pilot

11,05

8.92

9.98

10,9b

8.1+1

9.67

10,89

7.98,
'9.k3

9.02

7.00

8.01

Majestic
13-37

8.96

11,16

11.81

9.22

10,52

9.5k

7,74

8,61+

8,31

5.80

7-05
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k. Number of Tubers per Plant at Different Stag;es

of Plant Growth

The number of tubers per plant (average of three

plants) recorded at the different dates of sampling for

the various treatments has been presented in Appendix 58

and the tuber numbers (averaged for the two seed sizes)

in different size categories according to diameter are

given in Appendix 59-

(i) Seed Size. In both varieties the number of tubers

formed per plant varied with the size of seed tuber

(average for the various storage treatments) and in each

date of sampling large seed was found to produce greater

numbers of tubers per plant than small seed (Table 86).

Greater numbers of tubers per plant from large seed might

be related to the higher number of stems produced (Table

81 and 82).

(ii) Variety. The number of tubers recorded in both

varieties for both seed sizes appeared to diminish with

later dates of sampling and this effect seemed more marked

in Majestic which tended to produce more tubers than Arran

Pilot on the earlier two sampling dates (56 and 77 days

after planting) but less on the final two dates (98 and

119 days after planting) ^Table 867. The reduction in

tuber number during later stages of plant growth may be

due to degeneration of small tubers on account of

deflected translocation of carbohydrates towards large
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TABLE ay

Effect of differ""* storage treatments on the number of tubers per plant
at different stages of growth in Arran Pilot

(average of two seed sizes)

Storage
Temperature

Without T.O.it.B.

11 12 13 \ h X2 13 X4 11 12 13 X4

High
(65°-80°P) 10.50 7.50 8.33 4.83 7.33 3.83 6.50 5.66 0.33 2.83 3.16 1.00

Medium
(50°-60 F) 12.16 11.83 8.16 9.83 8.50 6.33 8.50 4.50 0.66 1.17 3.00 1.33

Low
(40 F) 8.33 15.50 - 10.00 22.50 18.83 14.16 12,00 12.67 17.66 14.00 15.66

d-j = Desprouted on 4.1.61
" » 20.2.61
" at the time

d2 =
a3 =

of planting

1-j = Lifted 56 days after planting
II 77 If II II
11 gg ti ti 11

X2 =
!3 =
x4 = 119

With T.O.N.B.

d1 d2 d3

11 12 13 x4 11 12 13 x4 11 12 13 x4

9.16 5.83 11.83 8.67 8.00 8.17 5.33 11.00 0.16 0 1.50 0

12.16 14.50 16.00 8.67 9.16 10.66 12.00 7.83 7.50 4.33 5.16 5.50

14.16 17.83 14.17 10.83 18.67 14.33 11.33 10.83 17.75 13.00 10.83 16.00
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life» J &
tubers situated near the stem.

The effects of different storage treatments on the

number of tubers per plant at different dates of lifting

in Arran Pilot and Majestic may be conveniently

considered separately.

Arran Pilot. With each desprouting treatment increase in

temperature of storage before sprouting caused a decrease

in the number of tubers per plant, irrespective of

T.O.N.B. treatment. This adverse effect was more marked

when the period of exposure was prolonged until February

(dg) or throughout the storage period (Table 87). Seeds

stored at higher temperatures (medium and high) not only

tended to form a smaller number of tubers on any date of

lifting (Table 8?)7 but also reduced the number of tubers
between 3-5 cm. and over 5 cm. diameter in comparison

with those stored at low temperature (Appendix 59). Seed

tubers stored at higher temperature until planting time

showed the most erratic behaviour in tuber formation and

it has already been noted that mother tubers frequently

produced tubers in the absence of top growth ('little

potato') in many instances.

For seeds stored for varying periods at low

temperature, it appeared that in Arran Pilot d6lay in

sprouting (d2) caused an increase in the number of tubers
per plant at the earliest sampling date (56 days after

planting) compared with those sprouted during January (d^)
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Effect of T.O.N.B. treatment and time of sprouting on subsequent tuber
formation In Arran Pilot

Arran Pilot

Days after Planting

Time of Storage
Sprouting Treatment

56 77 98 119

|
Size Limits

(cm.) of tubers
Total

Size Limits
(cm.) of tubers

Total

Size Limits
(cm.) of tubers „ ,

Total

Size Limits
(cm.) of tubers

Total

0-1 1-3 3-5 >5 0-1 1-3 3-5 >5 0-1 1-3 3-5 >5 0-1 1-3 3-5 >5

Stored at 40°F
T without T.C.N.B.January
(4. 1.61) stored at 40°F

with T.G.N.B.

3-0 1.99 3.17 0.17 8.33

6.33 7.16 0.50 0.17 14.16

3.00 5.33 6.67 0.50 15.50

5.0 5.50 6.00 1.33 17.83

1.16 6.00 7.33 1.33 15.82

2.33 6.50 2.67 2.67 14.17

0.33 1.84 6.50 1.33 10.00

0.33 4.17 4.50 1.83 10.83

Stored at 40°F
„ , without T.G.N.B.
February
(20.2.61) stored at 40°F

with T.G.N.B.

12.83 9.50 0.17 - 22.50

7.83 10.67 0.17 - 18.67

5.67 4.34 8.50 0.32 18.83

3.00 3.16 7.67 0.50 14.33

1.50 3.50 7.33 1.83 14.16

0.83 5.0 4.83 O.67 11.33

0.50 3.00 6.50 2.00 12.00

0.50 4.00 4.83 1.50 10.83

Stored at 40°F
without T.G.N.B.

Unsprouted
Stored at 40°F
with T.O.N.B.

6.00 6.67 - - 12.67

7.55 10.20 - - 17.75

5.67 6.16 5.83 - 17.66

3.83 5.17 3.50 0.50 13.00

0.33 5.17 6.16 2.34 14.00

0.33 4.0 5.50 1.00 10.83

0.50 5*16 6.83 3.17 15.66

0.50 5.50 7.83 2.17 16.00
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but later sampling dates (77, 98 and 119 days after

planting) showed no mar Iced differences between the two

dates of sprouting (Tahle 88). With regard to tuber

size. January sprouted seeds (irrespective of T.C.N.B.

treatment) formed a larger number of tubers of higher

diameter (3-5 cm. and over 5 cm.) than February sprouted

seeds at the first sampling dates (56 days after planting)

but the differences were less marked at later sampling

dates (Table 88). There was no marked difference in

tuber numbers per plant at different stages of plant

development between unsprouted seeds (stored throughout

at low temperature) and those sprouted during January

(d^) and February (d2) from low temperature. This

behaviour of tuber formation was found to a greater or

lesser extent irrespective of T.G.N.B. treatment (Table

88). As regards tuber size, sprouted seed (January and

February) formed a larger number of tubers between 3-5 cm.

and over 5 cm. diameter than unsprouted seed (stored

throughout at low temperature) up to 98 days after

planting, but later (at the fourth sampling date, 119

days after planting) unsprouted seed gave a larger number

of tubers of higher diameter (3-5 cm. and over 5 cm.)
than sprouted seed (Table 88). It seems that sprouting

before planting hastened early growth of tubers but there

was no advantage from sprouting in the further growth of

the tubers. This behaviour was found to a greater or

lesser extent in both T.G.N.B. and no T.G.N.B. treatments.
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EffectofvariousstoragetemperatureswithorwithoutT.G.N.B.on subsequenttuberformationinMajestic
Storage Treatment until4.1.61

Majestic Daysafter

56

77

SizeLimits (cm.)oftubers
Total

SizeLimits (cm.)oftubers
Total

0-11-33-5>5
0-11-33-535

Storedat65°-80°P withoutT.G.N.B.
10.3311.501.67-23.50
2.01.502.661.667.82

Storedat50°-60°P withoutT.G.N.B.

4.6611.501.17-17.33
5.174.835.500.3315.83

Storedat40°Pwithout T.O.N.B.

8.338.000.17-16.50
7.05.334.501.6718.50

Storedat65°-80°P withT.G.N.B.

7.1611.671.33-20.16
3.163.345.66-13.16

Storedat50°-60°P withT.G.N.B.

7.07.500.17-14.67
2.333.673.830.6710.50

Storedat40°Pwith T.G.N.B.

4.509.160.34-14.00
3.672.004.161.1711.00

Planting

98

SizeLimits (cm.)oftubers
0-11-33-5>5

Total

119

SizeLimits (cm.)oftubers
Total

0-11-33-5>5
1.333.333«343.0011.00 2.02.81+2+.663.3312.83 1.66i+,503.673.0012.83 1.333.833.502.5011.16 0.832.834.502.1710.33 1.172.174.663.3311.33
0.833.834.173.83

0.171.834.003.339-33 0.161.661.504»347*67 1.835.344.331.1612.66 0.332.002.841.666.83 0.671.662.03.838.10
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There was no marked difference in the number of tubers

per plant between T.G.N.B. and no T.C.N.B. treated seeds

sprouted during January (d-j), February (6-2) or unsprouted
seeds stored previously at low temperature (Table 88).

Ma.iestic. Storage until January (i+th January, i.e. d-j)
at high and medium temperatures resulted in a greater number

of tubers per plant at the first sampling date (56 days

after planting) in comparison with low temperature storage,

irrespective of T.G.N.B. treatment, but on subsequent

dates of sampling, temperature of storage appeared to

exert little effect (Table 89). With regard to growth of

tubers, storage at medium and high temperature without

T.G.N.B. gave rise to a larger number of tubers of higher

diameter classes (3-5 cm. and over 5 cm.) up to 98 days

after planting than those stored at low temperature,but

later (on the fourth sampling date - 119 days after

planting) seed stored at low temperature formed a greater

number of tubers of higher diameter (over 5 cm.) compared

with the medium and high temperature treatment (Table 89).

In the case of T.G.N.B. treatments, high temperature gave

more larger tubers at the first sampling date than low

temperature storage, but subsequently the position was

reversed. There was a general tendency for medium

temperature storage with T.G.N.B. to give the lowest

numbers of tubers of larger sizes at all sampling dates

(Table 89).
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TABLE 90

K-P-Pnnt, of different storage treatments on the number of tubers per plant
at different stages of plant growth in Ma.iestic

(average of two seed sizes)~

Without T.O.N.B.

Storage
Temperature

11 12 I3 1^ X1 12 x3 x4 i1 12 I3 1 4

High
(65°-80°F) 23.50 7.83 11.00 8.33 5.00 6.00 4.66 3.00 2.33 3.83 2.67 2.16

Medium
(50°-60°F) 17.33 15.83 12.83 9.33 12.33 15.83 7.66 8.83 5.00 6.83 3.66 2.33

Low

(40°F) 16.50 18.50 12.83 7.66 22.50 16.33 10.83 13.33 6.83 20.17 16.83 10.67

d-j = Desprouted on 4.1.61
d2 = " » 20.2.61
d, = " at the time

of planting

1-1 = Lifted 56 days after planting
U 77 »1 It II
« 93 «' II I»

« II II

12 "
!3 =
1., = " 119

With T.O.N.B.

a1
I

d2 d3

3-1 12 I3 1^ 11 12 13 11 12 I3 1^

20.16 13.16 11.16 12.66 6.33 8.33 4.16 2.00 1.50 0.66 2.33 4.00

4.67 10.50 10.33 6.83 0 6.16 3.00 2.16 0 0 1.33 1.50

14.00 11.00 11.33 8.17 15.16 11.33 11.00 8.50 17.83 17.00 17.83 15.00
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A depressing effect of medium and high, temperature

storage on the formation of tubers was evident when the

period of exposure was prolonged until February or

throughout the storage period (d-j). On any date of
sampling the total number of tubers (Table 90) as well as

the number of tubers between 3-5 cm. and over 5 cm.

(Appendix 59) was maximum for low temperature (regardless

of T.G.N.B.), intermediate for medium temperature without

T.O.N.B. and lowest for medium temperature with T.G.N.B.

or high temperature (with or without T.O.N.B.).

Summarising the effect of time of sprouting on

subsequent formation of tubers per plant after low

temperature storage, irrespective of T.G.N.B. treatment,

unsprouted seed (stored throughout) formed a larger

number of tubers per plant than sprouted seed (January and

February) from 77 days after planting (Table 91)» Mien

the numbers of tubers of higher diameter classes produced

by sprouted (January and February) and unsprouted seed

were compared, however, it was found that sprouted seed

formed a greater number of tubers between 3-5 cm. at the

first sampling date (56 days after planting) and over

5 cm. diameter on any sampling date than unsprouted seed

(Table 9"!) •

From the above result it seems that in Majestic when

sprouted seed is planted, smaller numbers of main stems

develop (Fig. 16 G and D) giving rise to a smaller number

of tubers of relatively higher diameter (Table 91), whereas
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TABLE91

Effectofstorageat40°Fonsubsequenttuberformationin Ma.iestic

Timeof Sprouting

Storage Treatment

Majestic
Daysafter

Planting

56

77

>

98

119

SizeLimits (cm.)oftubers
Total

SizeLimits (cm.)oftubers
Total

SizeLimits (cm.)oftubers^
Total

SizeLimits (cm.)oftubers
Total

0-11-33-5>5
0-11-33-535

0-11-33-5>5
0-11-33-5>5

January (i4.-1.6l)

Storedati+0°F withoutT.O.N.B. Storedat40°F withT.C.N.B.
8.338.000.17-16.50 4.509.160.34-14.00
7.05.334.501.6718.50 3.672.004.161.1711.00
1.664.503.673.0012.83 1.172.174.663.3311.33
0.161.661.504.347.67 0.671.662.003-838.16

February (20.2.61)
Storedat40°F withoutT.O.N.B. Storedat40°F withT.O.N.B.

8.6612.581.25-22.49 5.508.331.00-15.16
3.504.495.842.5016.33 1.673.504.831.3311.33

-

1.001.834.004.0010.83 0.503.843.333.3311.00
1.004.004.334.0013.33 0.171.832.504.008.50

Unsprouted
Storedat40°F withoutT.C.N.B. Storedat40°F withT.C.N.B.

5.331.50--6.83 9.668.000.17-17.83
6.006.177.33O.6720.17 4.006.336.170.5017.OO
1.834.834.001.6716.83 2.665.509.171.0017.83
0.332.004.503-8310.66 1.004.506.333.1715.00
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when unsprouted seed is planted,a larger number of main
stems develop (Fig. 16 G and D.) and as a result a larger

number of small size tubers are formed (Table 91). In

this variety, it appeared that from sprouted seed the under¬

ground branches do not contribute to tuber formation to a

large extent in contrast with Arran Pilot where underground

branches played an important role in tuber production

(Fig. 1 6 A and B).

In comparing T.C.N.B. and no T.C.N.B. treatment at

low temperature, seed stored with T.C.N.B. and sprouted

during January and February tended to form a smaller number

of tubers per plant than comparable seed stored without

T.C.N.B. (Table 91)- In the case of unsprouted seed,

i.e. stored throughout at low temperature, treatment with

T.G.N.B. tended to cause a greater number of tubers per

plant than that stored without T.G.N.B. (Table 91).
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Yield- of Tuber at Maturity

1. Total Yield (Tons/Acre)

The analysis of variance for the effect of variety,

seed size and storage treatment on total yield at final

harvest in October had been presented in Appendix 60.

The variation between the replications, although

significant, may be ignored as the experimental design

was split split plot and the treatments were randomised in

each replication,so that the variation between the

replications equally affected all the treatments.

The effects of variety, date of desprouting, storage

treatment and seed size and the interactions between

variety and date of desprouting and storage treatment

with variety and storage treatment with date of desprouting

were significant. However, more detailed information of

these effects may be obtained from consideration of the

interaction of treatments, variety and date of desprouting

(T x V" x D) and treatment, variety and seed size (T x V x S)

which were also significant (Appendix 60).

(a) Effect of Storage Treatment and Date of '.Desprouting

on Tuber Yield in Arran Pilot and Ma.iestic (T x V" x D)

In view of the significant interaction variance between

the effect of treatment and date of desprouting and variety5
the effect of treatment and date of desprouting and their

interaction may be discussed separately for the two

varie ties.
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Arran Pilot

(i) The Main Effect of Storage Treatment (Average of

Three Dates of Desprouting) in Arran Pilot

The main effect (average of three dates of desprouting)

of storage treatment showed that an increase in the

temperature of storage resulted in a significant reduction

in tuber yield (Table 92). In the case of dusted seeds,

those stored at low temperature yielded respectively

9.871 and 8.590 tons per acre more than that stored at

high and medium temperature, and in the case of untreated

(no T.C.N.B.) seeds the corresponding increases were

10.209 and 7.969 tons (Table 92) averaged for the three

dates of desprouting. In comparing dusted with untreated

(no T.G.N.B.) seeds, there was a tendency for untreated

seeds to give higher yields at comparable temperatures of

storage but the increase was only significant at the

medium temperature level (Table 92).

(ii) The Main Effect of Date of Desprouting (Average of

Storage Treatments) in Arran Pilot

The effect of date of desprouting (V x D) showed

that in Arran Pilot delay in time of desprouting caused a

significant reduction in tuber yield (Table 93), hut this
may be associated with the adverse effect of prolonged

exposure at high and medium temperature, irrespective of

T.G.N.B. treatment (Table 92).

Considering the effects of storage treatment for the
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TABLE92

Effectofstoragetreatmentanddateofdesproutingonttie yieldoftubers(tons/acre)inArranPilot
Storage

Without
T.O.N.B.

WithT
.G.N.B.

Temperature
d1

d2

d3

Mean

d1

d2

d3

Mean

High (65°-80°F)
11.514

7.096

7.057

8.555

11.602

11.681

0.911

8.065

Medium (50°-60°F)
16.010

12.064

4.312

10.795

13.763

10.148

4.126

9.346

Low

(40°F)

18.505

18.507

19.281

18.764

18.836

17.680

17.292

17.936

S.E.ofTreatmentxVariety+0.474 S.E.ofTreatmentxVarietyxDateofDesprouting+0.827 N.B.d1
a2 a3

Desproutedon4.1.61 Desproutedon20.2.61 Desproutedatthetimeofplanting.
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TABLE 21

Effect of data of de sprout in,g on tuber yield

(tons/acre) in Arran Pilot and Majestic

Variety

Date of Desprouting
Mean

d1 d2 d3

Arran Pilot 15.038 12.862 8.830 12.21+7

Majestic 21.27b 16.288 13.577 17.01+6

S.E. of Variety +0.533

S.E. of Variety x Date of Desprouting +0.360

N.B. d-j = Desprouted on 1+. 1.61
d2 = Desproated on 20. 2.61
d^ = Desprouted at the time of planting.

different dates of desprouting, the effect of storage

treatment on tuber yield may he explained more clearly.

(iii) Seed Tubers Stored until 1+frh January before

Sprouting in Light

In January sprouted seeds (d-j) it may be noted that

there was no significant difference in rate of plant

emergence between the different storage treatments (Table

75 and 76). However, the yielding capacity of the plants

was directly related to the previous storage condition of

the mother tuber. Thus seed tubers stored at low

temperature, irrespective of T.G.N.B., before sprouting in

light gave significantly greater yields than those stored
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at high and medium temperature (Table 92). It seems

that restricted growth of foliage and tuher production

during plant development associated with high and medium

temperature /observed previously in the plant growth

studies (Table 77 and 78/7 was reflected in reduced yield

at final harvest (Table 92) and the adverse effect of

medium and high storage temperature on final yield was

aggravated with the higher temperature. In comparing

T.C.N.B. and no T.G.N.B. treatments, differences at low

and high temperature were not significant, whereas at

medium temperature untreated seeds (no T.G.N.B.) gave

significantly greater yield than those stored with

T.G.N.B. (Table 92).

(iv) Seed Tubers Stored until 20th February before

Sprouting in Light

The unfavourable effect of high and medium storage

temperatures on tuber yield increased when the period of

storage was prolonged until 20th February (d2) • Seeds
stored at low temperature (irrespective of T.G.N.B.) until

20th February (d2) yielded significantly greater than
those stored at medium and high temperature (Table 92).

In February (d2) sprouted seeds previously stored

without T.G.N.B., it may be noted that storage at medium

temperature gave a significantly greater yield than

storage at high temperature (Table 92) and this higher

yield in the former case may be associated with a higher
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final stand of plants (Table 7k) * In the case of

T.G.N.33. treatment the difference in yield between these

two temperatures was not significant (Table 92). In

comparing T.C.N.B. and no T.G.N.B. treatments at high

temperature, T.C.N.B. treated tubers yielded significantly

'greater than untreated seeds (Table 92) and again this may

be related to higher plant stand in the former case

(Table 74). At medium temperature T.C.N.B. exerted no

significant effect on tuber yield (Table 92).

(v) Seed Tubers Planted Directly from Storage

The unfavourable effect of high and medium storage

temperatures on tuber yield reached its maximum when seeds

were stored throughout the storage period, ^d^) and seeds
stored at low temperature, irrespective of T.G.N.B.,

produced significantly higher yields than those stored at

medium and high temperatures.

Seed tubers stored throughout (d^) the storage period
without T.G.N.B. at high temperature gave a higher plant

stand (Table 7k) and also yielded significantly greater

than untreated seeds stored at medium temperature (Table

92). In the case of T.G.N.B. treatment the position of

the two temperature treatments with respect to yield was

reversed (Table 92). In considering T.O.N.B. and no

T.G.N.B. treatment, only at high temperature did untreated

seeds yield significantly greater than treated tubers

(Table 92) and again this result is associated with a

higher plant stand in the former case (Table 7k)-
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(vi) Seed Tubers Stored at Low Temperature "before

Sprouting or Planting

Summarising the effect of time of sprouting on

subsequent yield of tubers per acre after low temperature

storages irrespective of T.G.N.B. treatment, sprouting

before planting (January and February) did not show any

significant increase in final yield over that of seeds

planted direct from cold storage. Although the difference

in yield between sprouted and unsprouted seeds was not

significant, it may be noted in Table 92 that in the case

of untreated seeds (no T.C.N.B.) unsprouted seeds showed

a tendency to yield more (0.7 tons per acre) than sprouted

seeds (January and February) and in the case of T.O.N.B.

treatment unsprouted seeds tended to yield less than

January (1.5 tons per acre) and February (0.4 tons per

acre) sprouted seeds. In comparing T.O.N.B. and no

T.O.N.B. treatment, the difference in yield between

treated and untreated seeds, irrespective of period of

storage, was not significant; however, seed tubers stored

throughout without T.O.N.B. tended to give a greater yield

(1.989 tons per acre) than comparable seed tubers stored

with T.O.N.B. (Table 92).

Majestic

(i) The Main Effect of Storage Treatment (Average of

Three Dates of Desprouting) in Majestic

The main effect (average of three dates of desprouting)
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TABLE94

Effectofstoragetreatmentanddateofdesproutingontuber yield(tons/acre)inMa.iestic
Storage

Without
T.C.N.B

•

WithT
.O.N.B.

Temperature
d1

d2

d3

Mean

d1

d2

d3

Mean

High (65°-80°F)
22.165

13.072

9.452

14.896

20.594

12.845

5.778

13.006

Medium (50°-60°F)
23.628

19.674

15.610

19.637

9.572

2.496

3.668

5.246

Low

(40°F)

25.055

24.673

23.125

24.284

26.629

24.966

24.032

25.209

S.E.ofTreatmentxVariety+0.474 S.E.ofTreatmentxVarietyxDateofDesprouting+0.827 N.B.d1
d2

d3

=Desproutedon4.1.61 =Desproutedon20.2,61 =Desproutedatthetimeofplanting.
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of storage treatment showed that in Majestic T.C.N.B.

treatment notably modified the effect of temperature. In

seed tubers stored without T.C.N.B., the variety responded

similarly to Arran Pilot, an increase in storage

temperature causing a significant reduction in yield

(Table 9k)> However, for seed stored with T.G.N.B.

those held at medium temperature yielded significantly lass

than those stored at high temperature, although low

temperature storage continued to give the highest yield.

Thus there was a marked reduction in yield at medium

temperature storage when T.G.N.B. was applied. A

significant,but smaller reduction in yield was also found

at high temperature storage where T.G.N.B. was applied,but

T.G.N.B. had no effect at low temperature (Table 9k)'

Yields of Majestic were significantly greater than

those of Arran Pilot for comparable storage treatments

with the exception of storage with T.C.N.B. at medium

temperature which had a particularly adverse effect on

yield in Majestic (Table 92 and 9k) -

(ii) The Main Effect of Date of Desprouting (Average

of Storage Treatment) in Majestic

The effect of time of desprouting showed that delay

in time of desprouting before sprouting in light caused

a significant reduction in yield (Table 93) and this

reduction in yield was mainly associated with prolonged

exposure to high and medium temperatures before sprouting
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until February (dg) and reached its maximum when seeds

were planted directly from storage (&■$) /Table 9b/.
More detailed consideration of the effect of storage

treatment on yield is obtained from separate discussion for

the different dates of desprouting.

(iii) Seed Tubers Stored until Uth January before

Sprouting in Light

It was found (Table 89 and Fig. A) that with the

shorter storage period until January (d-^) medium and high

temperature storage without T.G.N.B. hastened early tuber

production,but at the final lifting seeds stored at low

temperature gave a higher yield than those stored at

medium temperature and significantly higher yields than

high temperature treatment (Table 9b)- In considering

the relative effect of high, medium and low temperatures

without T.G.N.B. for short period (Uth January) it may be

noted that in Majestic the increases in yield from low

temperature storage compared with medium and high

temperature were 1.U tons (not significant) and 2.8 tons

per acre (significant) respectively (Table 9U), whereas in

Arran Pilot the corresponding increases were 2.5 tons

(significant) and 6.8 tons per acre (significant)

/Table 92/- It seems that Majestic is relatively less

susceptible to the adverse effect of higher temperature

than Arran Pilot and this may be related to its slower

rate of sprout production.
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In the case of seeds stored with T.G.N.B. until

January (d,|) low temperature storage gave a significantly

greater .yield than storage at high and medium temperature.

The adverse effect of T.G.N.B. at higher temperature had

also "been noted in the plant growth study (Pig. B) and

also gave incomplete plant stand (Table 7k). In

comparing T.C.N.B. and no T.G.N.B., only following medium

temperature storage were untreated seeds found to give

significantly greater yields than comparable seeds stored

with T.G.N.B. (Table 9k) and again this may be related to

the higher plant stand in the former case (Table 7k).

At low and high temperature treatment the differences

between T.C.N.B. and no T.G.N.B. treatments were not

significant (Table 9k).

(iv) Seed Tubers Stored until 20th February (do) before

Sprouting in Light

Seeds stored at low temperature, irrespective of

T.G.N.B. treatment, until February (dp) yielded

significantly greater than those stored at high and medium

tempe rature.

In February (d2) sprouted seeds it may be noted that

undusted seeds previously stored at medium temperature

gave a significantly greater tuber yield than high

temperature treatment, whereas in the case of T.G.N.B.

treated seeds the effect of the two temperatures was

opposite (Table 9k) and again this may derive from

differences in plant stand (Table 7k)• In comparing
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T.G.N.B. and no T.O.N.B. treatments, only at medium

temperature did untreated seeds give a significantly

greater yield than dusted seeds,hut the differences between

low and high temperature treatments were not significant.

(Table 94).

(v) Seed Tubers Planted Directly from Storage

The unfavourable effect of high and medium storage

temperatures on tuber yield reached its maximum when

seed tubers were stored throughout the storage period

(d3) and seeds stored at low temperature, irrespective of

T.G.N.B. treatment, continued to give significantly

greater yields than those stored at high and medium

temperature. Also it may be noted that seeds stored at

medium temperature without T.G.N.B. gave a significantly

greater yield than those stored at high temperature and

in the case of T.G.N.B. treatment the effect of the two

temperatures was opposite (Table 9k).

In comparing T.G.N.B. and no T.G.N.B. treatment, at

medium and high temperature, untreated (without T.G.N.B.)
seeds yielded significantly higher than treated seeds

(Table 94) and again this may be associated with the

higher plant stand from untreated seeds (Table 74). At

low temperature the difference in yield between T.G.N.B.

and no T.G.N.B. was not significant (Table 94).

(vi) Seed Tubers Stored at Low Temperature before
Sprouting or Planting

In comparing the final yield of sprouted (January
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and February) and unsprouted seeds (d3) when all seed
tubers were stored at low temperature, sprouted seeds gave

in general higher yields than unsprouted, irrespective of

T.G.N.B. treatment, but the increase was only significant

in the case of January sprouted seeds (d-|) stored

previously with T.O.N.B. (Table 94). No significant

difference in yield was found between January and February

sproutings, irrespective of T.G.N.B. treatment, but there

was a slight tendency for higher yields from earlier

sprouting (Table 94)-

It may be further noted that while in Arran Pilot

seed tubers stored throughout at low temperature with or

without T.G.N.B. produced a significantly greater yield

than those stored at high, and medium temperature without

T.G.N.B. until 4th January (Table 92), in the case of

Majestic the differences were not significant (Table 94).

This result indicates that Majestic is less susceptible

to the adverse effects of higher temperature than Arran <
Pilot and this may be related to the slower rate of

sprout production in the former variety.

(b) Effect of Treatment and Size of Seed Tuber on Yield

in Arran Pilot and Majestic (T x V x S)

The main effect of seed size showed that in both

varieties large seed produced a significant increase in

yield over small seed (Table 95), but this size effect did

not apply to all treatments and was reversed in the case
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TA3LE 95

Effect of seed size on the yield of tubers

(tons/acre) in Arran Pilot and Majestic

Variety Large
Seed

Small
Seed

Arran Pilot 12.7UU 11.7U3

Majestic 17.b9k 16.599

S.E. of Variety x Seed Size +0.29U

of Majestic stored at medium temperature with T.G.N.B.

and in the case of Arran Pilot stored at high temperature

with T.C.N.B. (Table 96).

In Arran Pilot large seed at low temperature without

T.G.N.B. and at medium temperature with T.G.N.B. gave

significantly greater yields than small seed,but in other

treatments no significant difference between the two seed

sizes were found. In Majestic, only at high temperature

with T.G.N.B. did large seed yield significantly greater

than small seed (Table 96).

It seems that the additive effect of higher yield in

different treatments in favour of large seed made the

difference significant between the two seed sizes.
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TABLEQ6

Effectoftreatmentandseedsizeontheyieldoftubers (tons/acre)inArranPilotandMajestic(TxVxS) Arran

Pilot

Majestic

Storage Temperature
Without T.O.N.B.

With T.O.N.B.

Without T.O.N.B.

With T.O.N.B.

Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

LargeSmall SeedSeed

High. (65-80°F)
8.778

8.333

7.221

8.909

15.710

14.082

14.80611.206

Medium_ (50°-60F)
11.513

10.777

10.795

7.897

19.884

19.390

4.0826.409

Low

(40°F)

20.036

17.492

18.119

17.752

24.615

23.954

25.86524.553

S.E.ofTreatmentxVarietyxSeedSize+0.675
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2. Total Number of Tubers (1000/Acre)

The analysis of variance for the effect of variety,

seed size and storage treatment on total number of tuhers

at final harvest in October has been shown in Appendix 65.

The effects of variety, date of desprouting, seed

size, treatment and the interactions between date of

desprouting with seed size^ variety with date of

desprouting, variety with seed size and date of desprouting,

variety with treatment, treatment with date of

desprouting, treatment with seed size, treatment with

variety, seed size and date of desprouting were

significant. More detailed information on these effects

may be obtained from the consideration of the interactions

of treatment, variety and date of desprouting (T x V x D)
and treatment, variety and seed size (T x V x S) which

were also significant (Appendix 65).

(a) Effect of Treatment and Date of Desprouting on

Tuber Number in Arran Pilot and Majestic (T x V x D)

A significant interaction variance of storage treat¬

ment, variety and date of desprouting indicates that

varieties responded differently with treatment and date of

desprouting. To explain the interaction of the effect of

storage treatment and date of desprouting on the number of

tubers, varieties may be discussed separately in this study.

Arran Pilot

(i) The Main Effect of Storage Treatment (Average of

Three Dates of Desprouting:) in Arran Pilot
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The main effect (average of three dates of

desprouting) of storage treatment showed that irrespective

of T.G.N.B. treatment an increase in the temperature of

storage caused a significant decrease in the number of

tubers per acre. In the case of dusted (T.G.N.B.) seed

that stored at low temperature .yielded 108.01+ and 83.81+

thousands per acre more than those stored respectively at

high and medium temperature and in the case of untreated

(no T.O.N.B.) seed the corresponding increases were

99«86 and 77«86 thousands per acre (Table 97) averaged

for the three dates of desprouting. There was no

significant difference in total number of tubers per acre

between treated and untreated seed at low, medium and high

temperature treatment averaged for three dates of

desprouting (Table 97).

(ii) The Main Effect of Sate of Desprouting: (Average of

Storage Treatments) in Arran Pilot

The main effect of date of desprouting (average of

all storage treatments) showed that longer periods of

storage before sprouting until February or throughout

(<3-3) caused a significant reduction in the numbers of

tubers produced (Table 98). This reduction was, however,

mainly associated with longer periods of storage at high

and medium temperatures, irrespective of T.G.N.B. treatment

(Table 97).

The effect of storage treatment on the number of

tubers produced per acre may be explained more fully by
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Effectoftreatmentanddateofdesproutingonthenumber*of tubers(1000/acre)inArranPilot
Storage

Without
T.O.N.B

•

With

T.O.N.B.

Temperature

d2

d3

Mean

*1

d2

d3

Mean

High0(65-80F)
157.76

104.70

75.50

112.66

166.66

152.14

11.94

110.24

Medium (50°-60F)
198.44

153.27

52.27

134.66

192.47

152.46

58.40

134.44

Low

(40°F)

207.96

221.19

208.44

212.53

238.29

212.96

203.60

218.28

S.E.ofTreatmentxVariety+14-.82 S.E.ofTreatmentxVarietyxDateofDesprouting+8.37 N.B.=Desproutedon4.1.61 d2=Desproutedon20.2.61 d^=Desproutedatthetimeofplanting.
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discussing their effects for the different dates of

desprouting separately.

TABLE 98

Effect of date of desnrouting on the number of
tubers (1000/ac.re) in Arran Pilot and Majestic

Date of Desprouting
MeanVariety

di d2 d3

Arran Pilot

Majestic

193.60

141.25

166.12

108.60

101.69

104.76

153-80

118.20

S.E. of Variety +4.29

3.E. of Variety x Date of Desprouting +4.35

= Desprouted on 4. 1.61

d2 = Desprouted on 20. 2.61
d-j = Desprouted at the time of planting.

(iii) Seed Tubers Stored until 4th January "before

Sprouting in Light

In the case of seeds sprouted during January (d-j),
increase in storage temperature from low to medium or

to high before sprouting in light caused a decrease in

the number of tubers produced per acre. The decrease in

the number of tubers associated with increase in

temperature of. storage was significant in the case of

T.G.N.B. treatment (Table 97), whereas in untreated seeds
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the difference between low and medium temperature in

favour of low temperature was not significant, hut both of

these storage treatments produced significantly greater

numbers of tubers per acre than those stored at high

temperature (Table 97)« This decrease associated with

increase in storage temperature may be attributed to

decrease in the stem numbers per acre (Table 85). In

comparing T.G.N.B. and no T.C.N.B. treatment, the differences

at high and medium temperature were not significant,

whereas at low temperature T.C.N.B. treated seed gave a

significantly greater number of tubers per acre compared

with that stored without T.C.N.B. (Table 97) derived

from the greater number of stems per acre in the former

case (Table 85).

The adverse effect of high and medium temperature,

irrespective of T.G.N.B. treatment, on the number of

tubers produced per acre,increased when the period of

exposure was prolonged until February (d^) and was

greatest when seed was stored throughout the storage

period (d^). Seed stored at low temperature, irrespective
of T.G.N.B. treatment, until February or throughout gave

a significantly greater number of tubers per acre than

that stored at medium and high temperatures (Table 95).

(iv) Seed Tubers Stored until 20th February before

Sprouting in Light

It may be noted in February sprouted seed (d2) that
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seed stored without T.C.N.B. at medium temperature formed

a significantly greater number of tubers per acre than

those stored at high temperature (Table 97) which may be

attributed to the higher plant stand (Table 7k) and also

to the greater number of stems per acre (Table 85)• In

the case of T.C.N.B. treatment the differences in the

number of tubers produced (Table 97) and also in the

number of stems per acre (Table 85) between these two

temperatures was not significant. In comparing T.C.N.B.

and no T.C.N.B. treatment at high temperature, treated

seed produced a significantly greater number of tubers

than untreated seed (Table 97) which is again related to

a higher final plant stand in the former case (Table 7k)•

At medium temperature there was no significant difference

in the tuber number per acre between T.C.N.B. and no

T.C.N.B. treatments.

(v) Seed Tubers Planted Directly from Storage

Seeds planted directly from storage at high

temperature without T.C.N.B. gave a higher plant stand

(Table 7k) and also formed a significantly greater number

of tubers per acre than untreated seed stored at medium

temperature (Table 97)« In the case of T.C.N.B. treat¬

ment the position of the two temperature treatments in

the number of tubers produced per acre was reversed

(Table 97). In considering T.C.N.B. and no T.C.N.B.

treatment, only at high temperature did untreated seed



27k

give a significantly greater number of tubers per acr6

than treated seed (Table 97).

(vi) Seed Tubers Stored at Low Temperature before

Sprouting or Planting

Summarising the effect of time of sprouting after

low temperature storage in the case of no T.C.N.B. treat¬

ment there was no significant difference in the number of

tubers produced per acre between January sprouted (d-]) ,

February sprouted (dg) and unsprouted seed ^3). However,

February ($2) sprouted seed tended to give more tubers

than January sprouted (d-j) and unsprouted seed» On the

other hand, in the case of T.C.N.B. treatment, sprouted

seed (January and February) formed a greater number of

tubers than unsprouted seed ^3) and the difference in
favour of January sprouting was significant (Table 97).

It seems from the above result that sprouted seed, in

spite of producing a smaller number of main stems, gave a

larger number of tubers than unsprouted seed and this may

be related to the greater number of underground branches

able to produce tubers in the former case (Fig. 16 A and

B). In comparing T.G.N.B. and no T.C.N.B. treatment at

low temperature, seed stored with T.C.N.B. until January

(d^) produced a significantly greater number of tubers
than that stored without T.G.N.B. (Table 97) and it may be

related to a greater number of stems per plant or per acre

in the former case (Table 8i| and 85). The differences
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■between T.O.N.B. and no T.G.N.B. treatments in the number

of tubers per aore was not significant when seed was

sprouted on 20th February (d2) or stored throughout the

storage period (d3) /Table 927*

Majestic

(i) The Main Effect of Storage Treatment (Average of

Three Dates of Desprouting) in Majestic

The main effect of storage treatment (average of three

dates of desprouting) showed that in Majestic T.O.N.B.

treatment markedly modified the effect of temperature.

Majestic seed stored without T.O.N.B. responded similarly

to Arran Pilot, an increase in storage temperature

causing a significant reduction in the number of tubers

produced per acre (Table 99). However, in the case of

T.O.N.B. treatment, seed stored at high temperature

produced a significantly greater number of tubers than

that stored at medium temperature, while low temperature

storage continued to give the highest number of tubers per

acre. Thus there was a marked reduction in the numbers

of tubers following medium temperature storage when

T.O.N.B. was applied. After high and low temperature

storage there was no significant difference in the numbers

of tubers produced per acre from T.O.N.B. treated and

untreated seed (Table 99)«
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Effectoftreatmentanddateofdesproutingonthenumberof tubers(1000/acre)inMajestic
Storage

Without
T.C.N.B

•

With

T.C.N.B.

Temperature
d1

d2

d3

Mean

d1

d2

d3

Mean

High (65°-80°P)
138.1+2

90.02

72.11

100.19

165.37

109.71

55.98

110.35

Medium (50°-60°F)
158.11

120.35

91+.06

121+.17

59.53

17.1+2

25.65

31+.20

Low

(1+0°F)

158.27

162.30

181.98

167.52

167.79

151.81

198.76

172.79

S.E.

ofTreatmentx
Variety

+1+.82

S.E.ofTreatmentxVarietyxDateofDesprouting+8.37 N.B.d.|=Desproutedoni+.1»61 d2=Desproutedon20.2.61
d^=Desproutedatthetimeofplanting.
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(ii) The Main Effect of Data of Desprouting (Average of

Storage Treatments) in Majestic

The effect of time of desprouting (average of all

storage treatments) indicated that delay in time of

desprouting until February (dg) caused a significant
reduction in tuher number per acre and further delay until

planting time (d^) did not give a significant reduction
(Table 98).

The effect of date of desprouting may be explained

more fully by discussing separately the date of desprouting

with storage treatment.

(iii) Seed Tubers Stored until 4th January before

Spr ou t ing in L igh t

It may be noted in January sprouted seed (d-|) that
seed stored without T.C.N.B. at high, medium and low

temperature did not show any significant difference in the

number of tubers produced per acre. In the case of

T.G.N.B. treatment,the difference in tuber number between

high and low temperature treatment was not significant

and both gave a significantly greater number of tubers per

acre than from seed stored at medium temperature (Table 99).

In comparing T.C.N.B. and no T.C.N.B. treatment, seed

stored at high and low temperature with T.G.N.B. was found

to give a greater number of tubers per acre than untreated

seed and the difference at high temperature in favour of

T.G.N.B. treatment was significant (Table 99): on the
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other hand, at medium temperature seed stored without

T.G.N.B. produced a significantly greater number of tubers

(Table 99) and also showed a higher plant stand (Table 7k)

than seed stored with T.G.N.B.

The unfavourable effect of high and medium

temperature on the number of tubers produced per acre

increased when the period of exposure was prolonged until

February (6-2) and reached its maximum when tubers were

stored throughout the storage period (d^). Seed stored
at low temperature, irrespective of T.O.N.B. until

February (d2) or throughout (d-j) gave a significantly
greater number of tubers per acre than that stored at

medium and high temperature (Table 99)»

(iv) Seed Tubers Stored until 20th February before

Sprouting in Light

In February sprouted seed it may be noted that seed

stored without T.G.N.B. at medium temperature gave a

significantly greater number of tubers per acre (Table 99)

and also had a greater plant stand (Table 7k) than that

stored at high temperature, whereas in the case of

T.G.N.B. treatment the position of these two temperature

treatments was reversed (Table 99)« In comparing

T.G.N.B. and no T.G.N.B. treatment, only at medium

temperature did untreated (no T.G.N.B.) seed give a

significantly greater number of tubers (Table 99) and

produced higher plant stands (Table 7k) than that stored
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with T.G.N.B. and the differences between them at high

and low temperature were not significant (Table 99)«

(v) Seed Tubers Planted Directly from Storage

In the case of seeds planted directly from storage,

seed stored at medium temperature without T.O.N.B. produced

a greater number of tubers (Table 99) and also had higher

plant stand (Table 7k) than that stored at high temperature

and the position between these two temperature treatments

in tuber number per acre was reversed when seed was

stored with T.O.N.B. (Table 99)» la comparing T.O.N.B.

and no T.G.N.B. treatment, at high and low temperature the

difference in the numbers of tubers per acre between

T.O.N.B. and no T.O.N.B. was not significant, whereas at

medium temperature untreated seed (no T.O.N.B.) gave a

significantly greater number of tubers than treated seed

(Table 99).

(vi) Seed Tubers stored at Low Temperature before

Sprouting or Planting

Summarising the effect of time of sprouting on

subsequent numbers of tubers per acre after low temperature

storage, irrespective of T.G.N.B. treatment, sprouted seed

(January and February) formed a significantly smaller

number of tubers per acre than unsprouted seed (i.e.

stored throughout at low temperature), but the difference

in tuber numbers between January and February sprouted

seed was not significant (Table 99). The greater number
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of tubers per acre from unsprouted seed compared with

sprouted seed (sprouted during January and February from

low temperature) may be related to a larger number of

main stems in the former case, whereas the formation of

underground branches capable of producing tubers was not

so extensive in sprouted Majestic seed compared with Arran

Pilot (Fig. 16 G and D). In this variety maximum number

of tubers per acre was produced v/hen seed was stored

throughout at low temperature with T.C.N.B. (Table 99).

(b) Effect of Treatment and Size of Seed Tuber on the

Number of Tubers Produced per Acre in Arran Pilot

and Majestic (T x V x S)

The main effect of seed size (storage treatment

averaged) showed that in both varieties large seed produced

a significantly greater number of tubers than small seed

(Table 100), but this size effect did not apply to all

TABLE 100

Effect of Size of seed on the number of tubers

(1000/acre) in Arran Pilot and Majestic

Varie ty

r„.„

Large
Seed

Small
Seed

Arran Pilot

Majestic

161.92

127.01+

11+5-68

109.37

S.E. of Variety x Seed Size +3.55
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table101

Effectoftreatmentandseedsizeonthenumberoftubers (1000/acre)inArranPilotandMariestic
Storage Temperature

ArranPilot

Majestic

Without T.O.N.b.

With T.O.N.B.

Without T.C.N.B.

With T.O.N.B.

LargeSmall SeedSeed
LargeSmall SeedSeed
LargeSmall SeedSeed
LargeSmall SeedSeed

High (65°-80°f) Medium. (50°-60°f)
Low

(i+o°f)

117.23108.09
1l+lj..12125.19 221+.01+201.02

92.60127.88 158.86110.03 231+.68210.88
109.8190.56 129.60118.71+ 181.66153.37
126.8193.89 22+.1+11+3.99 189.91+155.63

S.E.ofTreatmentxVarietyxSeedSize+6.81+
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treatments and was reversed in the case of Majestic stored

at medium temperature with T.G.N.B. and with Arran Pilot

stored at high temperature with T.O.N.B. (Table 101).

In Arran Pilot large seed stored at low temperature

regardless of T.O.N.B. and at medium temperature with

T.O.N.B. gave a significantly greater number of tubers than

small seed,but in other treatments no significant difference

betv/een the two seed sizes was found (Table 101).

In Majestic large seed stored at high and low

temperature regardless of T.C.N.B. gave a significantly

greater number of tubers per acre than, small seed

(Table 101).

It seems from the above results that the advantage

from large seed in producing greater tuber numbers per

acre was not evident after unfavourable storage conditions.
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3• Yield (Tons/Acre) and Number (1000/Acre) of

Ware (Over 2z")

The analysis of variance of yield and number of ware

has been presented respectively in Appendix 70 and

Appendix 71•

The effects of variety, date of desprouting, storage

treatment and the interactions between variety with date

of desprouting, treatment with date of desprouting on

yields and numbers of ware were significant. More

detailed information of these effects may be obtained from

the consideration of the interaction of storage treatment,

variety and date of desprouting (T x V x D) which was also

significant (Appendix 70 and Appendix 71)•

Effect of Storage Treatment and Date of Desprouting on

the Yield and the Number of Ware in Arran Pilot and

Males tic (T x V x D)

As varieties differed significantly regarding storage

treatment and date of desprouting they are discussed

separately in order to explain the interaction of the

effect of storage treatment and date of desprouting on the

yield and number of ware.

Arran Pilot

(i) The Main Effect of Storage Treatment (Average of

Three Dates of Desprouting) in Arran Pilot

The main effect of storage treatment (average of

three dates of desprouting) showed that seed stored at low
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TABLE102

Effectofstoragetreatmentanddateofdesnroutingonthe yieldofware(tons/acre)inArranPilot
Storage

Without
T.G.N.B.

With

T.O.N.B.

Temperature

d2

d3

Mean

dl

d2

d3

Mean

High (65°-80°f)
3.636

2.268

2.988

2.964

3.240

3.510

0.342

2.364

Medium„(5o°-6o°f)
4.662

4.218

1.566

3.480

3.294

3.186

1.260

2.580

Low

(40°f)

5.454

3.762

5.472

4.896

4.122

3.672

4.032

3.942

S.E.ofTreatmentxVariety+0.405 S.E.ofTreatmentxVarietyxDateofDesprouting+0.702 N.B.d-|=Desproutedon4.1.61 d2=Desproutedon20.2.61
d^=Deeproutedatthetimeofplanting.
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TABLE105

Effectofstoragetreatmentanddateofdesnroutingonthe numberofware(1000/acre)inArranPilot
Storage

Without
T.O.N.B

•

With

T.O.N.B.

Temperature

d1

d2

d3

Mean

di

d2

d3

Mean

High (65-80F)
11.94

8.07

10.49

10.16

12.42

12.74

0.97

8.71

Medium (50°-60°F)
15.97

15.81

5.97

12.58

12.42

11.24

3.71

9.14

Low

(1+0°F)

23.23

15.65

22.42

20.43

16.62

16.78

17.10

16.83

S.E.ofTreatmentxVariety+1.35 S.E.ofTreatmentxVarietyxDateofDesprouting+2.33 N.B.=Desproutedon4.1.61 d2=Desproutedon20.2.61 dj=Desproutedatthetimeofplanting.
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TABLE 104

EFFECT OF DATE OF PES PROUTIMG ON THE YIELD OF WARE (TONS/ACRE)
IN ARRAN PILOT AND MAJESTIC

Variety
Date of desprouting

Mean

dl d2 d3

Arran RLlot 4.068 3.435 2.610 3.371

Majestic 13.227 10.242 6.855 10.108

S.E. of Variety + 0.276
S.E. of Variety x Date of desprouting i 0.263

TABLE 105

EFFECT OF DATE OF DESPROUTING ON THE NUMBER OF WARE (lQOO/acre')
IN ARRAN PILOT AND MAJESTIC

Variety
Date of desprouting Mean

di d2 d3

Arran EL lot 15.43 13.39 10.11 12.98

Majestic 46.52 34.66 24.76 35.31

S.E. of Variety + 1.15
S.E. of Variety x Date of desprouting t 0.85

N.B.

d]_ - desprouted on 4.1.61
d2 - " " 20.2.61

- " at the time of planting.
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temperature, irrespective of T.O.N.B..treatment, gave a

significantly greater yield and number of ware per acre

than that stored at high and medium temperature (Table 102

and 103)- Seed stored at medium temperature with or

without T.O.N.B. tended to give a greater yield and number

of ware than that stored at high temperature,but the

increases were not significant (Table 102 and 103).

There was no significant difference between T.O.N.B.

treated and untreated seed in yield and number of ware at

either high, medium or low temperatures of storage (Table

102 and 103).

(ii) The Main affect of Date of Desprouting (Average of

Storage Treatments) in Arran Pilot

The effect of date of desprouting (average of all

treatments) indicated that seed tubers desprouted in

January (d-j) and February (d2) produced significantly

larger yields and greater numbers of ware than those

planted directly (d^) from storage, but the difference
between January (d-j) and February {^2) sprouted seeds was

not significant (Table 10U and 105). January (d-j)
sprouted seed did, however, tend to give a greater yield

and number of ware than February sprouted seed.

The effect of date of desprouting may be explained

in more detail by discussing separately the three dates

of desprouting with storage treatments.

With high temperature storage without T.O.N.B. no

significant difference in yield and number of ware was
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found between January, February and unsprouted seeds.

In the case of storage with T.O.N.B., at high temperature

the difference in yield and number of ware between

January and February sprouting was not significant,but

both of these treatments produced a significantly greater

amount of ware (yield and number) than those stored

throughout (dj) /Table 102 and 10j>7.
Seed tubers stored at medium temperature, regardless

of T.G.N.B. treatment,until January (d-^) and February

(d2) gave a significantly greater yield and number of ware

than those planted directly from storage (d^) but again
the difference between January (d^) and February (d2)
sprouting was not significant (Table 102 and 103).

At low temperature, irrespective of T.C.N.B. treat¬

ment, there was no significant difference between sprouted

(January and February) unsprouted (stored throughout at

low temperature) seed (Table 102 and 103).

(iii) Seed Tubers Stored until hth January before

Sprouting in Light

In considering the effect of different storage treat¬

ments at a particular date of desprouting on yield and

number of ware,it may be seen in Table 102 that storage

until January (d-j) writhout T.C.N.B. at high and medium

temperatures did not result in a significant reduction in

the yield (tons per acre) of ware compared with storage

at low temperature. However, seeds stored at low
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temperature gave a significantly greater number of ware

than those stored at high and medium temperatures (Table

103)- In the case of T.C.N.B. treatment until January

(&l), the differences in yield (Table 102) and number

(Table 103) of ware from high, medium and low temperature

were not significant. In comparing T.C.N.B. and no

T.C.N.B. treatment, the effect of treatment was not

significant at high and medium temperature storage (Table

102 and 103), after low temperature storage the difference

in yield between T.C.N.B. and no T.C.N.B. was not

significant (Table 102), but untreated (without T.C.N.B.)

seeds gave a significantly greater number of ware than

those stored with T.C.N.B. (Table 103).

(iv) Seed Tubers Stored until 20th February before

Sprouting in Light

Nor seed tubers stored until February (^) without

T.C.N.B., storage temperature did not show any significant

effect on yield of ware (Table 102). However, seeds

stored at medium and low temperature gave a significantly

greater number of ware than those stored at high

temperature (Table 103). In the case of T.C.N.B. treat¬

ment until February ^2)5 seeds stored at high, medium and
low temperatures did not show any significant difference

either in yield or number of ware (Table 102 and 103).

At high, medium and low temperature the difference in

yield (Table 102) and number (Table 103) of ware between

T.C.N.B. and no T.C.N.B. treatment was" not significant.
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(v) Seed Tubers Planted Directly from Storage

, Seed tubers planted directly from storage at low

temperature, irrespective of T.G.N.B. treatment, gave a

significantly greater yield and number of ware than those

stored at high and medium temperature,but the difference

between high and medium temperature both in yield and

number was not significant (Table 102 and 103). In

comparing T.G.N.B. and no T.O.N.B. treatment at high

temperature, untreated (no T.G.N.B.) s6eds produced a

significantly greater yield and number of ware than

treated seeds,but no significant effect from T.G.N.B. on

yield and number of ware was found at medium and low

temperatures (Table 102 and 103).

Majestic

(i) The Main Effect of Storage Treatment (Average of

Three Dates of Desprouting) in Majestic

The main effect of storage treatment (average of date

of desprouting) indicated that in Majestic the effect of

temperature is notably modified by T.G.N.B. treatment.

In tubers stored without T.G.N.B., the variety responded

similarly to Arran Pilot, an increase in storage

temperature resulting in a significant reduction in yield

and number of ware (Table 106 and 107). However, for

seeds stored with T.O.N.B. those held at medium

temperature gave a significantly smaller yield and number

of ware than those stored at high temperature,while low
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TABLE106

Effectofstoragetreatmentanddateofdesnroutingonthe yieldofware(tons/acre)inMajestic
Storage

Without
T.C.N.B

•

WithT
.G.N.B.

Temperature
<*1

d2

d3

Mean

d1

d2

d3

Mean

High (65-80°F)
124.52424.

7.902

5.292

9.22+6

10.02+2+

6.622+

2.268

6.312

Medium„(50°-60°F)
12+.256

13.22+8

10.582+
12.696

6.588

1.52+8

1.980

3.372

Low

(2+0F)

16.506

15.696

11.682

12+.628

17.2+22+
16.2+32+

9.322+

12+.392+

S.E.ofTreatmentxVariety+0.24.05 S.E.ofTreatmentxVarietyxDateofDesprouting+0.702 N.B.d-j=Desproutedon2+.1.61 d2=Desproutedon20.2.61
d=̂Desproutedatthetimeofplanting.
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TABLE107

Effectofstoragetreatmentanddateofdesnroutingonthe numberofware(1000/acre)inMajestic
Storage

Without
T.Oi.H.B.

With

T.G.N.B.

Temperature
*1

d2

d3

Mean

*1

d2

d3

Mean

High (65°-80°P)
51.63

24»68

18.39

31.57

36.62

22.42

7.42

22.16

Medium_ (50°-60F)
52.43

45.66

33.39

43.83

18.55

3.71

5.81

9.36

Low

(40°F)

58.40

56.1i|

i+6.1+6

53.67

61.47

55.34

37.11

51.30

S.E.ofTreatmentxVariety+1.35 S.E.ofTreatmentxVarietyxDateofDesprouting+2.33 N.B.d.j=Desproutedon4.1.61 d2=Desproutedon20.2.61
d^=Desproutedatthetimeofplanting.
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temperature storage continued to give the highest yield

(Tahle 106 and 107). In comparing T.C.N.B. and no

T.C.N.B. treatment»at high and medium temperature»

untreated seeds produced a significantly greater yield and

number of ware than treated seeds,but no significant

effect from T.C.N.B. was found at low temperature (Table

106 and 107).

Irrespective of T.G.N.B. and temperature of storage,

Majestic formed a greater amount of ware (yield and number)

than Arran Pilot (Table 101+ and 105), but a significant

difference in favour of Majestic for higher yield of ware

was found at high and low temperature, regardless of

T.G.N.B. treatment, and at medium temperature without

T.G.N.B. (Appendix 7U).

(ii) The Main Effect of Date of Desorouting (Average of

Storage Treatment) in Majestic

The effect of date of desprouting (average of all

treatments) showed that in Majestic delay in time of

desprouting caused a significant reduction in the yield

and number of ware (Table IOI4. and 105). This reduction

was mainly associated with prolonged exposure to high and

medium temperatures (Table 106 and 107).

The effect of date of desprouting may be explained

in more detail by discussing separately the three dates of

desprouting with storage treatment.

With high temperature storage, irrespective of
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T. 0. N.B. treatment, delay in desprouting caused a

significant reduction in yield and number of ware. Thus

maximum amount of ware (yield and number) was found in

January (d^) intermediate in February (d2) and lowest in

those planted directly from storage (Table 106 and 107).

Seeds stored at medium temperature without T.O.N.B.

until January (d^) and February (dg) gave a significantly
greater yield and number of ware than those planted

directly from storage,but again the difference between

January (d-j) and February (d2) sprouting was not

significant. However, January sprouted seeds gave a

significantly greater number of ware than those sprouted

during February. In the case of T.O.N.B. treatment at

medium temperature, January (d^) sprouted seeds gave a

significantly greater yield and number of ware than

February (d.2) and unsprouted seeds,but the difference

between February and unsprouted seeds was not significant

(Table 106 and 107).

At low temperature, irrespective of T.O.N.B. treat¬

ment, there was no significant difference between January

(d-j) and February sprouted seeds. January (d-j) sprouted
seed did, however, tend to give a greater yield and number

of ware than February sprouted seed and both dates of

sprouting (irrespective of T.O.N.B.) gave significantly

greater yield and number of ware than those planted

directly from cold storage (Table 106 and 107)*
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(iii) Seed Tubers Stored until ij-th January before

Sprouting in Light

In considering the effect of different storage

treatments at a particular date of desprouting on yield

and number of ware, it may be seen from Table 106 that

storage until January (d-j) without T.C.N.B. at high and

medium temperature resulted in a significant reduction in

the yield of ware compared with low temperature storage.

With regard to number of ware, the difference between high

and low temperature in favour of low temperature was

significant (Table 107). In the case of T.O.N.B. treat¬

ment, seeds stored at high and medium temperature gave a

significantly smaller yield and number of ware than those

stored at low temperature (Table 106 and 107). In

comparing T.C.N.B. and no T.O.N.B. treatment,at medium and

high temperature untreated seeds gave a significantly

greater yield and number, but at low temperature the

difference between them either in yield or in number was

not significant (Table 106 and 107).

(iv) Seed Tubers Stored until 20th February before

Sprouting in Light

For seed tubers stored until February (&2) without

T.G.N.B., increase in storage temperature before sprouting

in light caused a significant reduction in yield and

number of ware. In the case of T.G.N.B. treatment, seeds

held at medium temperature until February (dp) produced a
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significantly smaller yield and number of ware than

those stored at high temperature,while low temperature

storage continued to give the highest yield and number

of ware (Table 106 and 107). In considering T.C.N.B.

and no T.C.N.B. treatment, seeds stored at high and low

temperature did not show a significant difference between

T.G.N.B. and no T.G.N.B. treatment either in yield or in

number, whereas at medium temperature untreated seeds gave

a significantly greater yield and number of ware than

treated seeds (Table 106 and 107).

(v) Seed Tubers Planted Directly from Storage

Seeds planted directly from storage (djj) without
T.G.N.B. at high temperature produced a significantly

smaller yield and number of ware than those stored at

medium and low temperature,but the difference between
medium and low temperature was not significant; however,

seeds stored at low temperature gave a significantly

greater number of ware than those stored at medium

temperature (Table 106 and 107). In the case of

T.G.N.B. treatment there was no significant difference in

yield and number of ware between medium and high

temperature9but both of these temperature treatments gave

a significantly smaller yield and number of ware than

seeds stored at low temperature (Table 106 and 107).

Irrespective of temperature of storage, untreated seeds

gave significantly greater yield and number of ware than

those stored with T.G.N.B. (Table 106 and 107).
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^• Yield (Tons/Acre) and Number (1 OOP/Acre) of

Seed (2-1-" - li")

The analysis of variance of yield and number of seed

has been presented respectively in Appendix 80 and 81.

The effects of variety* date of desprouting, storage

treatment and the interactions between date of desprouting

with seed size, variety with date of desprouting, variety

with date of desprcuting and seed size, treatment with

variety, treatment with data of desprouting, treatment

with seed size on yield and number of seed were

significant. Hovi/ever, more detailed information on

these effects may be obtained from the consideration of

the interactions of treatment, variety and date of

dasprouting (T x V x D) and also from treatment, variety

and seed size (T x V x S) which were also significant

(Appendix 80 and 81).

(a) Effect of Treatment and Date of Desproutina' on the

Yield and Number of Seed in Arran Pilot and Majestic

As varieties responded significantly differently to

treatment and date of desprouting, they are discussed

separately to explain the interaction of the effect of

storage treatment with date of desprouting on the yield

and number of seed.

Arran Pilot

(i) The Main Effect of Storage Treatment (Average of

Three Dates of Desproutinpc) in Arran Pilot

The main effect of storage treatment (average of three
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TABLE108

Effectof*storagetreatmentanddateofdesproutingonthe yieldofseed(tons/acre)inArranPilot
Storage

Without
T.O.N.B.

With

T.O.N.B.

Temperature
d1

d2

d^Mean

d1

d2

d3

Mean

High (65°-80°F)
6.840

4.068

3.6364.848
7.182

7.161+

0.501+

4.950

Medium (50°-60°F)
10.368

6.966

2.1+666.600
9.306

5.778

2.I+30

5.838

Low

(1+0°P)

12.258

13.968

13.21+813.158
13.698

13.402

12.402

13.110

S.E.ofTreatmentxVariety+0.335 S.E.ofTreatmentxVarietyxDateofDesprouting+0.579 N.B.d-j=Desproutedon4.1.61 d2=Desproutedon20.2.61 d =̂Desproutedatthetimeofplanting.
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TABLE109

Effectofstoragetreatmentanddateofdesnroutingonthe numberofseed(1000/acre)inArranPilot
Storage

Without
T.C.N.B".

WithT.G.N.B.

Temperature
di

d2

d3

Mean

d2d3

Mean

(65-80F)
87.12

51.79

1+1.11+

60.02

90.51

83.896.13
60.18

Medium„(50-60F)
129.23

86.31

28.88

81.1+7

116.1+8

75.0226.1+6
72.65

Low

(1+0F)

11+I+.07

163.11

153.10

153.1+3

161+.07

152.11+11+2.13
152.78

S.E.

ofTreatmentx
Variety

±3.61

S.E.ofTreatmentxVarietyxDateofDesprouting+6.21+ N.B.dj=Desproutedon1+.1.61 d2=Desproutedon20.2.61 d-^=Desproutedatthetimeofplanting.
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TABLE HQ

EFFECT OF DATE OF DESPROUTIMG OR THE YIELD OF SEED (TONS/ACRE)
IN ARRAN PILOT MP MAJESTIC

Variety
Date of desprouting

<*1 d2 d3 Mean

Arran Pilot 9.942 8.529 5.781 8.084

Majestic 7.650 5.706 6.402 6 .586

S.E. of Variety ± 0.160
S.E. of Variety x Date of desprouting ± 0.218.

TABLE 111

EFFECT OF DATE OF DESPROUTING ON THE NUMBER OF SEED (POOP/ACRE)
IN ARRAN PILOT AND MAJESTIC

Variety
Date of desprouting Mean

di d2 d3

Arran Pilot 121.91 102.04 66.31 96.75

Majestic 74.91 56.57 63.27 64.92

S.E. of Variety + 1.87
S.E. of Variety x Date of desprouting ± 2.84

desprouted on 4.1.61
" " 20.2.61
" at the time of planting.

N.B. d]_ =•

d2 =

d3 =
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dates of desprouting) indicated that the higher the

temperature of storage, irrespective of T.G.N.B. treatment,

the lower the yield of seed tubers in the subsequent crop.

The reduction in yield of seed from medium temperature

storage was very marked and there was a further significant

reduction at high temperature. At any storage

temperature there was no significant difference in yield

and number of seed tubers between T.O.N.B. treatment and

no T.O.N.B. treatment (Table 108 and 109).

(ii) The Effect of Date of Desprouting (Average of

Storage Treatments) in Arran "Pilot

The effect of date of desprouting (average of all

treatments) showed that delay in time of desprouting

caused a decrease in the yield and number of seed tubers

(Table 110 and 111) which can be associated, however, with

longer periods of storage at medium and high temperature

regardless of T.O.N.B. treatment (Table 108 and 109).

(iii) Effect of Storage Treatments at Different Dates

of Desprouting

Higher temperatures (medium and high) of storage

until January (d-j), February (d2) before sprouting in
light or throughout (d^) the storage period caused a
significantly smaller yield and number of seed per acre

than low temperature storage. The reduction was more

marked the longer the period of storage. This effect of

higher temperature was found to a greater or lesser extent
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in T.G.N.B. treated and untreated tubers (Table 108 and

109).

Tubers stored without T.O.N.B. at medium temperature

until January (d-j) and February (d2) before sprouting in

light gave significantly greater yield and number of seed

tubers than those stored at high temperature, but the

difference in these two temperature treatments was not

significant when tubers were stored throughout (dj)
/Table 108 and 109). In the case of T.O.N.B. treatment

until January (d-j) or throughout the storage period,

tubers stored at medium temperature produced significantly

greater yield and number of seed tubers compared with

those stored at high temperature (Table 108 and 109).

(iv) Peed Tubers Stored at Low Temperature before

Sprouting or Planting

In considering the effect of time of sprouting,

tubers stored at low temperature without T.O.N.B. until

February (d2) or throughout (d^) produced greater amounts
of seed (yield and number) than those sprouted during

January (d-j) and the difference in favour of February

(a2) sprouting for greater yield of seed was significant
(Table 108 and 109). This effect may be related to

stem numbers, as indicated in Fig. 16 A, since the total

number of tuber-producing stems (main stem + underground

branches from main stem) in February sprouted (dp)
tubers was greater and thus produced a greater amount of

seed than January (d-j) or unsprouted ^3) tubers: the
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difference in stem number between January sprouted (d^)
and unsprouted tubers in favour of the former was not

well marked.

In the case of T.O.N.B. treatment with low temperature

storage, January (d^) and February (d2) sprouted tubers

produced a greater amount of seed than unsprouted tubers

and the difference in favour of January sprouting for

greater yield and number of seed per acre was significant

(Table 108 and 109). Fig. 16 B shows that tubers

sprouted in January (d^) and February (dg) formed a

greater number of tuber-producing stems per plant than

unsprouted (£3) tubers which may account for the larger

numbers of seed from sprouted tubers (Table 108 and 109)

with a decrease in the formation of ware (Table 102 and

103) compared with unsprouted tubers (d.3).
No significant effect from T.G.N.B. on yield of

seed tubers, irrespective of time of sprouting, was found

at low temperature (Table 108).

The main effect of variety (average of treatments

and date of desprouting) indicated that Arran Pilot

formed significantly greater amounts (yield and number)
of seed than Majestic (Table 110 and 111) although

exceptions to this main effect were evident with different

storage treatments and times of desprouting and the two

varieties showed different responses to treatments.
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Ma.i e s t ic

(i) The Main Effect of Storage Treatment (Average of

Three Dates of Desprouting) in Majestic

The main effect of storage treatment (average of

dates of desprouting) showed that in Majestic in tuhers

stored without T.O.N.B. at different temperatures, an

increase in temperature of storage caused a significant

reduction in yield and number of seed tubers. Thus tubers

stored at low temperature produced maximum yield

(9,1 tons/acre) and number of seed per acre, intermediate

at medium temperature (6.5 tons/acre) and lowest at high

temperature (5-3 tons/acre). On the other hand,

T.O.N.B. treated tubers stored at medium temperature gave

a significantly smaller yield and number of seed tubers

than those stored at high temperature, while low

temperature storage continued to give the highest yield

of seed (Table 112 and 113)«

In Majestic, with the exception of tubers stored at

medium temperature, T.C.N.B. treated tubers at low and

high temperature (average of three dates of desprouting)

produced a greater amount of seed tubers than those

stored without T.O.N.B.,, but the difference in favour of

T.O.N.B. treatment for high yield of seed was significant

at low temperature (Table 112 and 113)*

(ii) The Effect of Date of Desprouting (Average of

Storage Treatment) in Majestic

Decrease in yield and number of seed per acre
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TABLE112

Effectofstoragetreatmentanddateofdesuroutingonthe yieldofseed(tons/acre)inMa.iestic Without
T.0.N.B

•

WithT.O.N.B.

Storage Temperature

*1

d2

d3

Mean

d1

d2

djjMean

Higho(65-80°)

7.380

4*780

3.888

5.352

9.918

5.778

3.0246.240

Medium
(50-60P)
8.928

6.102

4*752

6.594

2.718

0.846

1.5841.716

o

o

!S

o

H1

8.154

8.532

10.908

9.198

8.802

8.190

14.25610.416

S.E.ofTreatmentxVariety+0.335 S.E.ofTreatmentxVarietyxDateofDesprouting+0.579 N.B.d=̂Desproutedoni-i-.1.61 d2=Desproutedon20.2.61 d-j=Desproutedatthetimeofplanting.
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TABLE115

Effectofstoragetreatmentanddateofdesproutingonthe numberofseed(1OOP/acre)inMajestic
Storage Temperature

Without
T.C.N.B

•

With

T.O.N.B.

di

d2

d3

Mean

di

d2

d3

Mean

High^(65-80°F)
73.73

2+6.12+

2+0.82

53.56

98.09

61.12+

33.23

62+.16

Medium,,(50-60F)
82+.70

59-53

2+7.75

63.99

27.26

8.07

12+.20

16.51

Low

(2+0°F)

79.54

83.57

105.19

89.2+3

86.15

80.99

138.2+2

101.86

S.E.ofTreatmentxVariety+3.61 S.E.ofTreatmentxVarietyxDateofDesprouting+6.22+ N.B.d1
a2 a*

=Desproutedon2+.1.61 =Desproutedon20.2.61 =Desproutedatthetimeofplanting.
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associated with a delaT~ in desprouting "before sprouting
in light (main effect of date of desprouting in Majestic)

/Table 110 and 11 ly7 can again be attributed to longer

periods of storage at high and medium temperature with

or without T.G.N.B. (Table 112 and 113)-

(iii) Effect of Storage Treatments and Different

Dates of Desprouting

Storage at high (with or without T.C.N.B.) and

medium temperature (without T.G.N.B.) for a short period

until January (d^ ), before sprouting,did not show any

adverse effect on- seed production and yielded more or less

the same amount of seed tubers as tubers stored at low

temperature (regardless of T.G.N.B.) until January (d-j)

/Table 112 and 11/7. At both later dates of desprouting

(&2 an(i ^3) medium and high temperature storage,
irrespective of T.O.N.B. treatment, caused a significant

reduction in yield and number of seed and this was

especially marked with medium temperature with T.G.N.B.

(Table 112 and 113).

(iv) Seed Tubers Stored at Low Temperature before

Sprouting or Planting

With tubers stored at low temperature a delay in

sprouting in light (d2) or planting directly (d^)
caused an increase in yield and number of seed tubers

(Table 112 and 113). Thus,irrespective of T.G.N.B.

treatment, unsprouted tubers gave a significantly greater
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yield and number of seed tubers than those sprouted during

January (d-j) and February (d2)<* but the difference between

January (d-j) and February (d2) sprouting was not

significant (Table 112 and 113)« Majestic tubers stored

with T.C.N.B. at low temperature throughout the storage

period produced the maximum amount of seed (li+.2 tons,

i.e. 138.U thousands of seed per acre), significantly

greater than those stored without T.O.N.B. (Table 112 and

113)- Large numbers and yield of seed from unsprouted

tubers may be related to the greater number of main stems

(Fig. 16 0 and D) which reduced the yield of ware (Table

106 and 107) and thus increased the yield of seed tubers

(Table 112 and 113)»

(b) Effect of Treatment and Seed Size on Yield (Tons/Acre)

and Number (1 OOP/Acre) of Seed Tubers in Arran Pilot

and Majestic (T x V x S)

The main effect of seed size (average for all storage

treatments) showed that in both varieties large seed

produced a significant increase in yield and number of

seed tubers over small seed (Table Mk and 115),« but this
effect of seed size did not apply to all treatments and

was reversed in the case of Majestic stored at medium

temperature with T .0 .N.B.? and with Arran Pilot stored at

high temperature with T.O.N.B. (Table 116 and 117)-

In Arran Pilot large seed stored at low and medium

temperatures, irrespective of T.O.N.B. treatment, gave a

significantly greater amount of seed tubers than small
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TABLE 114

EFFECT OF SEED SIZE ON THE YIELD OF SEED TUBERS (TONS PER ACRE)
IN ARRAM PILOT MP MAJESTIC

Variety Large Small
seed seed

Arran pilot 8.568 7.600

Majestic 7.242 3.930

S.E. of Variety x seed size * 0.177

TABLE 115

EFFECT OF SEED SIZE ON THE NUMBER OF SEED TUBERS (IOOO/ACRE)
IN ARRAN PILOT AND MAJESTIC

Variety Large Small
seed seed

Arran pilot 102.64 90.87

Majestic 71.90 57.94

S. E. of Variety x seed size ■+ 2.31.



310

TABLE116

Effectoftreatmentandseedsizeontheyieldofseedtubers (tons/acre)inArranPilotandMajestic
Storage Temperature

ArranPilot

Majestic

Without T.O.N.B.

With T.O.N.B.

Without T.G.N.B.

With T.O.N.B.

LargeSmall SeedSeed
LargeSmall SeedSeed
LargeSmall SeedSeed
LargeSmall SeedSeed

High (65°-80°F) Medium (50-60°F) Low_ (1+0F)
5»1001+.596 7.2125.988 12+.19612.120
1+.3205.580 6.8281+.81+8 13.75212.1+68
6.0601+.61+1+ 6.9006.288 10.1+527.91+1+
7.3805.100 1.2002.232 11.1+609.372

S.E.ofTreatmentxVarietyxSeedSize+0.1+73
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Effectoftreatmentandseedsizeonthenumberofseedtubers (1000/acre)inArranPilotandMa.iestic
tj

Storage Temperature

ArranPilot

t- -

Majestic

Without T.O.N.B.

With T.O.N.B.

Without T.O.N.B.

f

With T.C.N.B.

LargeSmall SeedSeed
LargeSmall SeedSeed
LargeSmall SeedSeed
LargeSmall SeedSeed

High (65°-80°P Medium (50°-60°P
Low

(40°F)

63.7856.25 88.9574.00 162.1+1144.45
50.6669.69 86.1559.15 163.91141.65
61.8445.28 67.1160.88 101.7577.12
75.0753.24 11.1821.83 114.4489.27

S.E.ofTreatmentxVarietyxSeedSize+,5.11
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seed. In Majestic large tubers stored at low and high

temperature, irrespective of T.O.N.B. treatment, produced

a significantly greater amount of seed than small tubers

(Table 116 and 117)-

From the above results it seems that the advantage

from large seed in the production of greater amount of

seed size tubers was not evident after unfavourable

storage conditions,such as high and medium temperature

storage before sprouting.
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E. "DISCUSSION

EXPERIMENT k

Weight Losses of Tubers "before Sprouting or Planting;

The loss in tuber weight due to both sprouting and

other losses (transpiration and respiration) was greater in

Arran Pilot (a vigorous sprouting variety) than in

Majestic (a slow sprouting variety)»but both varieties

showed a similar response to storage treatment.

The loss in tuber weight due to sprout growth was

related to the storage temperature and treatment with

T.G.N.B. In the case of tubers stored without T.G.N.B.,

weight losses due to sprout growth during storage were

least where the temperature of storage was 1|0°P. With

higher storage temperature (50°~60°P) sprout growth

increased but a further increase in temperature to

65°~80oP tended to give less sprouting. Barker (1937)

showed that increase in the rate of sprout growth occurred

by increasing the temperature of the storage from 1+1 °P to

59°P9but above that the increase was less marked.

Headford (i960 and 1962) also suggested the inhibiting

effect of high temperature on the growth of sprouts.

According to this author increase in temperature to 86°P
caused a decrease in the growth rate of sprouts due to

the death of the sprout apex. The growing points also

died after some months storage at 68°P and 77°P and as a

result the longest sprouts were finally produced at 59°E-



314

Owers (i960) and later Shotton (1961) observed that with

tubers exposed to fluorescent strip lighting sprout

length increased at planting time with increase in

temperature from 45°P to 55°P or 65°P hut further

increase in temperature to 75°P resulted in a decrease in

sprout length.

In the present experiment it was observed that

losses due to respiration and transpiration increased

directly with increase in storage temperature and, as

these formed the major source of loss, total weight losses

were minimum at 40°P, intermediate at 50°~60°P and

maximum at 65°-80°P.

T.C.N.B. exerted little.effect on total weight losses

at low temperature where sprouting was at a minimum level,

but at higher temperatures dust treatment reduced the

amount of sprout loss and total losses which in this

instance increased directly with increase in temperature.

The actual weight losses due to both sprouting and

other losses (transpiration and respiration) was greater

in large seed than in small seed,but the percentage weight

losses of tubers of the two seed sizes were similar.

Making particular reference to the amount of sprout

development, Headford (1962) showed that the growth in

dry weight of sprouts from tuber pieces was directly

proportional to the size of the attached, tuber piece.

Sprout Growth in Light

In tubers that were sprouted in light before planting
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the previous storage treatment was found to have a

considerable influence on subsequent sprout growth.

With a storage period of 8 weeks increase in temperature

resulted in an increased subsequent sprout growth,

irrespective of T.O.N.B. Prom a practical viewpoint,

where the sprouting period is relatively long, storage

at low temperature may thus have a beneficial after-effect

in preventing the development of excessively long sprouts^

while conversely previous storage at high temperature may

aggravate problems relating to excessive sprout length.

Greater growth of sprouts in light after previous storage

at high and medium temperatures compared with that after

storage at low temperature might be related to the effect

of temperature on the physiological development of the

tuber reserves, higher temperatures advancing physiological

development and stimulating subsequent sprout growth.

It was suggested by Madec and Perennec (1960a) that the

gro?/th and development of sprouts was governed by the

physiological age of the tuber, this itself depending

upon the actual age and also on the environmental

conditions during storage, temperature being one of the

factors involved.

Where tubers were held for a longer period of

storage (4.11.60 to 20.2.61) without T.G.N.B., increase in

the temperature of storage from kO°F to 50°-60°F resulted

in greater growth of sprouts in light,but there was no

further response from further increase in temperature to
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65°-80°F. T.O.N.B. had no effect at low temperature,

irrespective of variety, on subsequent sprout growth as

had been shown by Brown and Reavill (1954)• T.O.N.B.

was also found to have no after-effect on sprout growth

in the case of Arran Pilot tubers stored at medium

temperature and Majestic tubers stored at high temperature.

High temperature storage of Arran Pilot tubers over a

prolonged period (4.11.60 - 20.2.61) with T.G.N.B.

inhibited subsequent sprout growth, which was below that

of tubers from low temperature storage, and in the case

of medium temperature storage of Majestic it had a

markedly adverse effect, many tubers failing to produce

any sprouts. Brown and Reavill (1954) showed that seed

tubers (var. Arran Pilot and Home Guard) stored at higher

temperature for about four months gave abnormal sprout

development (witches brooms) and sometimes a side sprout

drilled its way into, or through, the tuber. This type

of monstrosity was seen in the present experiment at the

time of desprouting, a few times in Majestic and quite

frequently in Arran Pilot.

Delay in sprouting in light caused a decrease in

sprout length but sprout numbers tended to be greater.

However, tubers stored with T.G.N.B. until February before

sprouting in light at high temperature in the case of

Arran Pilot or at medium temperature in the case of both

varieties gave smaller numbers of sprouts than comparable

tubers sprouted in January, indicating a possible adverse
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effect of these treatments on had activity. With regard

to low temperature storage, the present observation agrees

with the finding of earlier authors (Bushnell 1929,

Kawakami 1953? Toosey 1959 and Hiele 1961) that delay in

time of sprouting following low temperature storage

results in an increase in sprout number.

While the weight of sprouts at the end of the

sprouting period in light tended to increase with the

increase in previous temperature of storage, the total

number of sprouts developed in both varieties was maximum

at low temperature treatment. There was little difference

in effect between high and medium temperature storagesbut

medium temperature in combination of T.C.N.B. in Majestic

gave a smaller number of sprouts than high temperature

treatment. Large numbers of sprouts per tuber stored

previously at low temperature compared with high and

medium temperature treatment was mostly due to larger

numbers of sprouted eyes per tuber.

Numbers of sprouts formed per tuber at the time of

planting were related to seed size and variety. Thus in

both varieties large seed gave a greater number of sprouts

than small seed which agrees with the findings of earlier

workers (Appleman 1918, Aicher 1920, Bushnell 1929, Bates

1935, Toosey 1959). Arran Pilot (a vigorous sprouting

variety) was found to give a greater number of sprouts

than Majestic (a slow sprouting variety).
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Growth and Plant Development in the Field

(A) Rate of Plant Emergence

The final number of plants that emerged was affected

by the previous conditions of storage and incomplete

stands were obtained from (a) tubers of Majestic stored

at 50°-60°F or 65°-80°F with T.C.N.B. until January,

(b) tubers of both varieties stored at 65°-80°F irrespective

of T.G.N.B., (c) at 50°-60°F with T.G.N.B. until February,

and (d) stored until planting time at 65°-80°F and 50°-60°F

irrespective of T.G.N.B. treatment. The percentage

failure in plant emergence was highest where tubers were

planted direct for high and medium temperature storage.

In both varieties .reduction in sprout loss or total loss

in tuber weight at 65C-80°F or at 50°-60°F by dusting

T.G.N.B. did not show any favourable effect in plant

emergence compared with that of tubers stored without

T.G.N.B. and in fact T.G.N.B. at higher temperatures

(50°~60°F or 65°-80°F) in both varieties gave lower plant

stands than comparable tubers stored without T.G.N.B.

It seems that the combined effect of T.G.N.B. and higher

temperature of storage adversely affected subsequent

growth of foliage in the field.

Considering the plants that did emerge, many previous

workers (Appleman 1918, Hanlan 1929> Hardenburgh 1928,

1935, Filimanov and Rustshkina 193k, McCubbin 192+1,

Eastman and Libby 1948, Toosey 1960) have reported earlier
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plant emergence from tubers sprouted before planting

compared with unsprouted or desprouted tubers, as was

found in the present experiment.

In the case of Arran Pilot, with the exception of

high temperature (65°-80°F) storage where a shorter

storage period (until January) before sprouting showed

better plant emergence, there was no significant difference

in the rate of plant emergence between tubers sprouted in

January and February. These observations suggest that

in Arran Pilot there was no advantage in early sprouting

(January) with regard to early plant emergence except in

the case of previous storage at high temperature

(65o-80°F) which over a longer period of storage had an

adverse effect on subsequent sprout growth. In the case

of previous storage at low and medium temperature, tubers

sprouted in February gave sprout lengths which exceeded

the optimum of 15 mm. (Headford i960 and 1962) and no

benefit in early plant emergence was obtained from

earlier (January) sprouting treatment.

In Majestic, with the exception of medium temperature

storage without T.C.N.B., tubers stored until January

before sprouting in light produced plants above ground

earlier than those stored until February. It seems that

in Majestic there is some advantage in early sprouting

(January) which may be related to a larger number of

longer sprouts (31 to 60 mm.)ywhereas longest sprout length

from February sprouting range mostly from 11 to 30 mm.
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Working with the variety King Edward ( a main crop variety)

having sprout lengths of 0.2, 2 and 5 cm., Headford (1962)
found that the time of emergence was reduced with increase

in sprout size.

Owers (i960) suggested that the slow sprouting

varieties such as Majestic and King Edward needed a

longer period of sprouting (7 to 8 weeks) for early plant

emergence whereas Arran Pilot, which is noted for its

rapidity of sprout growth, showed early emergence when the

period of sprouting was short (5-6 weeks).

Large s6ed emerged earlier than small seed which

confirms the findings of Werner (1919). However.this

advantage from large seed was not evident after

unfavourable storage conditions such as medium temperature

with T.O.N.B, in Majestic where small seed emerged earlier

than large seed.

(B) Tuber Yield

(i) Temperature Effect on Tuber Yield and Grade of

Produce

(a) Total Yield. The temperature of storage of seed

before sprouting or planting was found to have a

considerable influence on the subsequent yield of tubers

(in terms of dry weight) at different stages of plant

growth and at final harvest. Thus seed of both

varieties stored above 1|0°F (i.e. at 50°~60°F or 65°-80°P)
before sprouting or planting showed earlier maturity with
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restricted foliage growth and tuber production and gave

a significantly lower final tuber yield than that of

seed stored at low temperature, irrespective of T.C.N.B.

treatments» The extent of the unfavourable effect of

higher storage temperature (50°-60°P or 65°~80°F) on tuber

yield was aggravated with the delay in sprouting (giving

longer period of exposure to higher temperature) or

planting directly from storage. It was also observed

during plant growth studies that with high and medium

temperature treatments the mother tuber sometimes formed

many small tubers underground with practically no growth

of foliage, i.e. a 'little potato' (Davidson 1958b) and

the incidence of 'little potato' was increased when the

period of storage at high and medium temperature was

prolonged. The adverse effect of higher storage

temperatures (50°-60°F or 65°~80°P) on final yield was

greater in Arran Pilot and in this variety seed tubers

planted directly from cold storage gave significantly

greater yields than those stored at higher temperatures

even when the storage period was only until January and

seeds were sprouted before planting. In the case of

Majestic, the differences in total yield between seed

tubers stored at high (65°-80°F) or medium temperature

(50°-60°P) without T.G.N.B. until January and those

stored throughout at low temperature were not significant.

The differences in response between the two varieties

associated with short periods of storage at high and
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medium temperature "before sprouting may "be related to

their respective maturity classes. Thus in the case of

an early variety such as Arran Pilot which naturally

matures relatively quickly even a short period (until

January) of exposure to higher temperature (50°-60°F or

65c-80°P) storage by shortening the growing period still

further might have a proportionately greater effect on

final yield than in a late maturity variety which has a

longer growing period.

Making particular reference to the incidence of

'little potato', Van Schreven (1956) reported that the

loss of reserve food material during three months storage

at 68°P prior to planting, produced 33/2 of the condition

'little potato' when the controlled growing conditions

after planting were cold. Using the same storage and

growing condition but desprouting the tubers before

planting, the author found 1Q0°2 'little potato'. Storage

at 50°P, coupled with desprouting before planting in good

growing conditions, also produced 33/2 'little potato'.

"Davidson (1958b) states "A feature of warm storage is the

incidence of 'little potato', a physiological condition

where the life cycle is contracted as evidenced by the

production of young tubers on the sprouts of the old set".

The author (Davidson 1958b) considered that three factors

were involved in the incidence of 'little potato', viz.

(1) warm storage, (2) proliferated sprouting due to injury

of any form to the apical sprout or sprouts, and (3) a
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cool period after planting.

With respect to developmental changes in the tuber

Madec and Perennec (1960a) have found that potato sprouts

may pass through all stages of development such as

tuberisation, flowering and maturity while only depending

on the mother tuber reserves for their nutrition. Making

particular reference to the tuberisation of sprouts the

authors considered that the rate of development was

strongly influenced by environment, being hastened by

humidity, heat and darkness at least after the beginning

of sprouting, while in the same environment sprouts of the

oldest tubers were the first to develop tubers. The

factor inducing tuberisation was associated with chemical

changes in the tuber reserves and its formation was

stated to be hastened by high temperature and delayed

but not inhibited by low temperature. Three stages in

the physiological evolution of the tuber reserves were

distinguished: a phase of non-growth of sprouts extending

from time of tuber initiation on the mother plant to the

end of the rest period; a phase where sprout growth was

possible; a phase of non-growth of sprouts and of the

growth of the daughter tuber. The direct formation of

tubers from seed after periods of exposure to high

temperature might be related to the seed reaching a stage

of development when vegetative (sprout) growth is no

longer possible.
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("b) Stem Number, Tuber Number and Grade of Produce

While storage at higher temperature (50°-60°P or

65°-*80°P) before sprouting in light gave a larger number

of sprouts between 31-60 mm. or over 60 mm. than low

temperature storage, the numbers of aerial stems (main

stems + underground branches) formed per plant or per acre

decreased with increasing temperature of storage. Thus

in both varieties the maximum number of aerial stems

derived from seeds stored previously at low temperature,

intermediate from medium (50°~60°P) and lowest from high

temperature (65°~80°P). A similar trend was observed when

seeds were stored with T.G.N.B.^but due to the adverse
effect of medium temperature in combination with T.O.N.B.

on sprout formation in Majestic a smaller number of aerial

stems was formed at medium temperature than at high

temperature in this variety. It would appear from the

above result that previous storage at medium or high

temperature has an adverse effect on subsequent terminal

or axillary bud activity. This adverse effect was more

marked when the period of exposure was prolonged. As a

result of the smaller number of stems associated with

increased temperature of storage, the number of tubers

formed during plant development and also numbers per acre

at final harvest decreased with the increase in temperature

of storage.

With regard to grade of the produce, it was observed

that Arran Pilot seed stored throughout the storage period
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less ware than seed held until planting time at low

temperature, hut the temperature of previous storage had

no significant effect on yield of ware when seed tubers

were sprouted in January or February. The yield of seed-

size tubers was, however, reduced significantly with

increase in the temperature of storage above t|-0°F,

irrespective of whether tubers had been sprouted or planted

direct from storage. This effect on yield of seed tubers

might be related to the reduced numbers of stems

developing after higher temperature (50°-60°F or S5°-80°F)

storage, the fewer tubers that were formed attaining

ware size due to less competition. Yield of vi/are was

only adversely affected where the vigour of subsequent

plant growth was diminished with prolonged storage at

higher temperature. The yield of marketable-sized

tubers (ware + seed) was reduced with increase in storage

temperature before sprouting or planting.

In Majestic, where yield(averaged for storage treat¬

ment) of ware was significantly greater and yield of seed-

size tubers significantly smaller than in Arran Pilot,

storage at high or medium temperature irrespective of

T.G.N.B. before sprouting or planting caused a significant

reduction of ware below that of low temperature storage.

In the case of yield of seed-size tubers, storage at high

(irrespective of T.G.N.B.) and medium temperature (without

T.G.N.B.) until January before sprouting in light did not
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result in a significant reduction compared with low

temperature storage. However, prolonging the period of

storage at higher temperature (50°-60°F or 65°-80°F) until

February or throughout resulted in a significant reduction

of seed-size tuber. The yield of marketable-sized

tubers (ware + seed) was again reduced with higher

temperature of storage.

It seems that, irrespective of variety, storage at

50°-60°F or 65°~80°F before sprouting or planting resulted

in early maturity with restricted growth of foliage and

tuber production during the different stages of plant

development and subsequently caused a significant

reduction in final yield and yield of marketable-sized

tuber (ware + seed).

(ii) Effect of Time of Sprouting from Low Temperature

Storage on Tuber Yield and Grade of Produce

(a) Total Yield. In the case of low temperature storage,

the present observations are in agreement with the

findings of earlier workers (Appleman 1918, Hanlan 1929>

Hardenhurgh 1928, 1935, Jehle and Hauberger 193k f

Filimanov and Rustshkina 193k, Eastman and Lihby 192+8)

that sprouting before planting hastens early plant

emergence followed by an increased rate of production of

foliage and tubers during the early stages of growth.

With regard to final yield there was, however, no

advantage from sprouting in Arran Pilot, whereas there was
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a tendency for sprouted Majestic seed to give higher

final yields than unsprouted seed although significant

results were only obtained in the case of seeds sprouted

in January from T.O.IT.B. and those stored throughout at

low temperature with or without T.C.N.B.

Several workers have reported beneficial effects of

sprouting on final yield (Appleman 1918, Hanlan 1929»

Hardenburgh 1928, 1935» Filimanov and Rustshkina 1934»

Eastman and Libby 1948), but McOubbin (1940 considered

that the final yield from sprouted and dormant seed would

depend primarily on the time of planting, the length of

the growing season and climatic conditions. With early

planting or a growing season sufficiently long to permit

plants of the two seed treatments (sprouted and dormant)

to attain complete maturity under equally favourable

climatic conditions, yield would no doubt be equal. With

late planting, or a short growing season in which plants

of two seed treatments were killed by frost or blight

before maturity, yield would probably be greater from

sprouted seed compared with dormant seed. Toosey (1962)

also indicated that where growth of foliage was not cut

down by late blight, there was no significant difference

in final yield between sprouted and unsprouted seed.

Whitehead etal (1953) considered that in late varieties

frost may cause the foliage to die down before the plant

reaches natural maturity and increased yields due to the

use of sprouted seed tubers have been especially evident
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in late varieties and in late districts.

In present studies all plants reached natural maturity

with, no evidence of premature leaf senescence due to

environmental or disease factors in the field. The

difference in response between the two varieties considered

in the present study may he related to their difference in

maturity characteristics. With Arran Pilot, an early

maturing variety, maximum foliage growth from sprouted

tubers was in general attained in July, whereas unsprouted

tubers gave maximum foliage growth in August when the

amount exceeded that of sprouted tubers. Although no

data is available for seasonal differences in net

assimilation rate of potato plants in Scotland, evidence

from England (Watson 1947) would suggest that maximum

efficiency of assimilation (E) occurs in the period July

to August and thus the extended period of leaf development

at this time from unsprouted tubers would make an

important contribution to crop yield which might be

expected to compensate for later emergence and foliage

development relative to that from sprouted tubers. On

the other hand, in Majestic maximum foliage growth in both

sprouted, and unsprouted tubers was attained- in August and

slightly higher amounts of foliage from unsprouted seed

compared with that of sprouted seed were not generally

evident until September. Thus any advantage from delayed

leaf senescence or later maturity from unsprouted seed did

not occur in Majestic until late in the season when
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efficiency of assimilation (E) may be presumed to have

fallen.,and did not reach a level to compensate for the

earlier emergence and growth development during the early

part of the season compared with that of sprouted tubers,

which as a result tended to give a higher final yield.

Grikhastik (19M) reported that sprouting seed potatoes

of early, medium and late varieties for 5-6 weeks in

light at 53*6°F to 6h.l{.0F before planting resulted in

early bulking and higher yield than from unsprouted seed

tubers and this effect was marked in the case of the late

varieties.

There was also evidence that Majestic responded more

favourably to the earlier sprouting in January compared with

sprouting in February. Owers (i960) suggested that the

slow sprouting varieties such as Majestic and King Edward

needed a longer period of sprouting than Arran Pilot which

is noted for its rapidity of sprout growth. According to

the author, in the case of Arran Pilot shortening the

period of sprouting to 5-6 weeks hastened early plant

emergence followed by early tuberisation and greater yield

as compared to those held for a long period (7-8 weeks),

whereas Majestic and King Edward responded more favourably

when seed tubers were sprouted for the longer period

(7-8 weeks). In the present study it may be noted,

however, that no difference in yield was found for 16 and

9 weeks sprouting in Arran Pilot.

In comparing T.C.N.B. and no T.O.N.B. treatments at
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low temperature storage it was observed that, irrespective

of variety and period of storage, there was no significant

difference in final yield "between the two treatments.

Even untreated tubers sprouted during January or February

did not give a significantly greater final yield than

those stored throughout with T.C.N.B. These results are

not in close agreement with those of Brown and Reavill

(195^) and Downic (1950). Brov/n and Reavill (195^)

suggested that a period of 7 weeks of airing is required

for T.G.N.B. treated tubers to equal in yielding

capacity the chitted controls (stored without T.C.N.B.

and sprouted in light at the same time when T.O.N.B.

treated tuber was aired). Downic (1950) working with

Snowflake variety found that T.C.N.B. treated tubers

sprouted for one or two months before planting gave a

smaller yield than untreated tubers.

(b) Stem Number, Tuber Number and Grade of Produce

In considering all tubers stored at low temperature

before sprouting or planting, it was noted that in both

varieties, irrespective of T.C.N.B. treatment, delay in

sprouting in light resulted in an increase in sprout

numbers, followed by a greater number of main stems per

hill. Ilardenburgh (1935) and later Toosey (1962) showed

that delay in sprouting caused an increase in sprout

numbers followed by increased numbers of main stems.

When comparing main stem numbers produced from
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sprouted (January and February sprouting) and unsprouted

seed (stored throughout at low temperature) it was

observed in the present experiment that in both varieties

(irrespective of T.O.N.B. treatment) unsprouted seeds

gave a greater number of main stems than those sprouted

during January or February. These results are in agree¬

ment with those of Hartman (1934) who showed that seeds

stored at 50°F produced a smaller number of main stems

per hill than unsprouted seed (stored throughout at 32°F,

35°F and 40°F). Hardenburgh (1935) also indicated that

sprouting before planting (2-6 weeks at 50 F) resulted in

a significantly smaller number of stems compared with

unsprouted seed. However, the present observation does

not agree with the findings of Bushnell (1929) and

McGubbin (1941) who considered that sprouted tubers

produced a greater number of main stems than unsprouted

seed.

In comparing the total number of tubers and the yield

of ware and seed-size tuber from sprouted and unsprouted

seed it was observed that the two varieties (Arran Pilot

and Majestic) responded differently.

In Arran Pilot, unsprouted tubers, in spite of having

a larger number of main stems, did not give a greater

number of tubers or tubers of seed size than January and

February sprouted seed. Conversely sprouted seed, in

spite of producing a smaller number of main stems, did not

give a greater yield of ware than unsprouted seed.
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During the course of the present study it was shown that,

irrespective of T.C.N.B. treatment, while sprouted seed

gave rise to a smaller number of main stems they formed

a larger number of underground branches from main stems

which were able to produce tubers, and as a result the

total number of tuber producing stems tended to be greater

from sprouted seed than from seed stored throughout at low

temperature. It seems from the present observation that

in Arran Pilot underground branches from the main stem

played an important part in tuber production and

compensated for the smaller number of main stems developing

from sprouted seed. In this connection it may be further

stated that a larger number of nodes would result from

sprouts developed in light from sprouted seed, giving rise

to a larger number of stolons and tubers: in unsprouted

seed the formation of underground nodes on the stems

would be restricted due to etiolation in growth in soil.

Thus Hardenburgh (1935) reported that sprouted seed, in

spite of having a small number of main stems, gave rise

to a larger number and weight of stolons and also a

larger number of tubers per plant than unsprouted seed.

In comparing time of sprouting from low temperature

storage in Arran Pilot, in the case of no T.C.N.B. treat¬

ment, February (dg) sprouted seed tended to give a greater

number of tubers with a significantly greater yield of

seed-size tubers than that sprouted in January (d-j).
This may be related to a greater number of tuber producing
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stems (main stems + underground "branches from main stem)

in the later sprouted seedjbut time of sprouting had no

significant effect on the yield of ware. In the case of

T.C.N.B. treatment, time of sprouting had no significant

effect on yield of ware and seed-size tuber in Arran

Pilot, although it is difficult to explain why January (d-j)
sprouted seed appeared to give a greater number of tubers

per acre and also aerial stems per acre than that

sprouted in February (£2).
In Majestic, the development of underground branches

from main stem was not so prevalent as in Arran Pilot.

Thus unsprouted seed, having a larger number of main stems,

gave a significantly greater number of tubers per acre

(and also seed-size tubers) than that sprouted during

January and February, while January and February sprouted

seed, having a smaller number of main stems, gave a

significantly greater yield of ?/are than unsprouted seed.

These results are in agreement with those Hartman (1934)

and Hardenburgh (1935) who indicated that sprouted seed

gave a greater yield of large size tuber than unsprouted

seed. It may be noted, however, that Toosey (1962)

working with King Edward showed that-while early sprouted

seed (December) formed a greater number of tubers and also

a greater amount of ware than unsprouted seed, late

sprouted seed (February) gave rise to a greater number of

tubers and a smaller amount of ware than unsprouted seed.

In considering the time of sprouting from low
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temperature storage it was found that in Majestic, although

January sprouting tended to give a smaller number of main

stems than February sprouting, the difference in numbers

between the two seed treatments was not marked and the

differences in total number of tubers per acre and in

yield of ware and seed-size tubers were net significant.

Hardenburgh (1935) reported that in Green Mountain

and White Rural variety the number of stems as well as the

number of tubers per hill decreased as the period of

sprouting was increased from two to six weeks. Toosey

(1962) also reported that in King Edward delay in

sprouting caused an increase in main stem numbers followed

by an increased number of tubers per acre. Yield of

large size tuber was inversely proportional to stem

number, whilst yield of small sized tubers varied directly

with main stem number. The divergence from the findings

of earlier workers with respect to total number of tubers,

yield of -ware and seed associated with the time of

sprouting may be related to possible varietal differences

in the number of stems formed in sprouted seed. Toosey

(i960) considered that varieties differ greatly in the

number of sprouts that become active and in. the number of

plants and tubers that they produce. This author further

commented that at one extreme, Majestic produces

relatively few plants and tubers from multiple sprouted

seed and at the other extreme Stormont 480 produces an

excessive number of plants and tubers per hill from
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multiple sprouted seed.

In Tooth Arran Pilot and Majestic treatment of tubers

with T.C.N.B. at low temperature until January and

February before sprouting in light did not have any

significant effect on the yield of ware and seed compared

with those stared without T.C.N.B. When treatment with

T.C.N.B. at low temperature was prolonged until planting

time only Majestic gave a significantly greater yield of

seed and smaller yield of ware than comparable tubers

stored without T.C.N.B. In fact in Majestic maximum

yield of seed was obtained when tubers were stored

throughout at low temperature with T.C.N.B., which may be

related to the maximum number of main stems per hill.

Brown and Reavill (195^-) had shown that in Home Guard

T.C.N.B. treatment caused the formation of a greater

number of stems and reduced the ware/seed ratio compared

with that of sprouted seed (previously stored without

T.C.N.B.) and control desprouted (stored throughout in

clamp without T.C.N.B.), whereas in Arran Pilot the

difference in ware/seed ratio between T.C.N.B. and no

T.C.N.B. treatments was not significant.

(iii) 5ffect of Size of Seed on Tuber Yield and Grade of

Produce

(a) Total Yield. The main effect of seed size (averaged

for all storage treatments) in both varieties was that

large seed produced a significant increase in yield over
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small seed and this result agrees with that of earlier

investigators (Appleman 1918, Aicher 1920, Salaman 1921,

1922 and 1923; Filimanov and Rustshkina 1934? Ohuck etal

1945? Hiele and Vervelde 1954) who reported that the rate

of growth of the potato plant and the yield of tubers

increased with the weight of the se6d tuber. The effect,

however, was not consistent for all treatments in the

present investigation, being absent or reversed where

tubers had been stored at higher temperatures and

subsequent plant vigour was adversely affected. This

would suggest that increased vigour from large seed may

not occur following adverse storage conditions.

(b) Stem Number, Tuber Number and Grade of Produce

The main effect of seed size (averaged for all storage

treatments) showed that in both, varieties large seed

produced a significantly greater number of tubers, and

also yielded greater amounts of se6d tubers than small

seed. Seed size had no significant effect on ware yield.

Greater numbers of tubers per acre and also a greater

yield of seed-size tubers with increase in seed size may

be related to the greater number of stems per plant (and
also per acre) developed. It has been shown by earlier

workers (Aicher 1920, Bates 1935, Chucka etal 1945,

Toosey 1960) that the larger the seed size the greater the

number of stems per hill. The number of tubers produced

was directly related to the number of stems per hill
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whereas the size of the produce tended to he reduced with

increase in stem number or the size of the tuber planted

/Werner (1919), Aicher (1920), Clark (1921), Salaman

(1921, 1922 and 1923), Bates (1935) Toosey (1960)_7. Bates

(1935) considered that the size of seed influenced yield

and grade of produce in that it controlled the number of

true plants in the hill and thereby controlled intensity

of competition.

In the present experiment it was found that the

advantage from large seed in the production of greater

amounts of seed-size tubers was not evident after

unfavourable storage conditions such as high (65°-80°P)
and medium temperature storage before sprouting or

planting.
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F• OONOLUSIONS

EXPERIMENT h

In Experiment Ij. studies were carried out on the effect

of storage temperatures of seed tubers of two sizes (small

seed = 80-100 gms. and large seed = 120— 11+0 gms.) and

treatment with T.G.N.B. on weight losses in storage,

subsequent sprout growth after desprouting, plant growth

and development and final crop yield in Arran Pilot and

Majestic.

1. In the case of tubers stored without T.G.N.B. at

temperatures of 2+0°F, 50°-60°P and 65°~80°P, weight losses

in tubers due to sprout growth during storage were least

at i+0°P. With a higher storage temperature (50°~60°P)
sprout growth was increased but a further increase in

temperature to 65°-80°P tended to give less sprouting.

In the case of T.G.N.B, treatment losses in tuber weight

due to sprout growth increased directly with the increase

in storage temperature.

2. Losses in tuber v/eight due to transpiration and

respiration increased directly with the increase in

storage temperature and as these formed the major source

of loss, the total weight losses were minimum at Ii.0°P,
intermediate at 50o-60°F and maximum at 65°-80°F.

3» T.G.N.B. exerted little effect on total weight losses

at low temperature where sprouting was at a minimum level
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but at higher storage temperatures (50°~60°F or 65°-80°F)
dust treatment reduced the amount of sprout loss and total

weight losses.

The actual weight losses due to both sprouting and

other losses (transpiration and respiration) varied

directly with seed size but relative weight loss expressed

on percentage basis was similar from large and small seed.

5. Previous temperature of storage was found to influence

the subsequent growth of sprouts in light. With storage

periods from November to January, increase in temperature

from b0°¥ to 50°-60°F or from 50°-60°F to 65°-80°F

stimulated subsequent sprout growth but over a longer

period (November to February) high temperature storage

(65°~80°F) did not- give any further response over medium

temperature (50o~60°F) and in some cases showed an after¬

effect in decreasing growth.

6. In Majestic T.G.N.B. at 50°~60°F adversely affected

subsequent sprout growth in light and the majority of

seed tubers failed to sprout in storage.

7. Treatment of T.G.N.B. at 65°~80°F in the case of

Arran Pilot and at 50°-60°F in the case of Majestic had an

adverse after-effect on sprout growth, but in all other

cases (i.e. storage of Arran Pilot at low or medium

temperature or storage of Majestic at low or high

temperature) growth of sprouts in treated and untreated
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tubers was similar.

8. Tubers stored, at low temperature tended to give a

larger number of sprouts than those stored at higher

temperature (50°~60°F or 65o~80°F).

9. Large seed formed a larger number of sprouts and

also showed a greater sprout growth (in weight) in light

than small seed.

10. In Arran Pilot there was no advantage in early

sprouting (January) with regard to early plant emergence

except in the case of previous storage at high temperature

(65°-80°F) where a shorter storage period (until January)

showed better plant emergence than a longer period (until

January) of storage. In Majestic there is some

advantage in early sprouting (January) for early plant

emergence.

11. Seed of both varieties which was stored at 50°~60°F

before sprouting or planting formed a smaller number of

stems and. showed earlier maturity with restricted foliage

growth and tuber production during different stages of plant

development and also gave a significantly lower final yield

and yield of marketable size tuber (ware + seed) than seed

tubers stored at low temperature, irrespective of T.G.N.B.

treatment. The unfavourable effect of higher temperature

(50°-60°F or 65o~80°F) storage as evidenced by restricted

plant development and also the incidence of 'little tuber'
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was more marked when the period of exposure to higher

temperature was prolonged.

12. In both varieties reduction in sprout loss or total

loss in tuber weight at 50°-60°F or at 65°-80°F by dusting

with T.C.N.B. did not show any favourable effect on

subsequent plant development and in fact T.G.N.B. at

higher temperatures (50°-60°F or 65°-80°F) in both

varieties gave a smaller final plant stand than comparable

tubers stored without T.G.N.B.

13« In the case of low temperature storage sprouting

before planting hastened early plant emergence followed

by an increased rate of production of foliage and tubers

during the early stages of growth, but there appeared to

be no advantage in final yield from sprouting in Arran

Pilot. There was a tendency for sprouted Majestic seed

to give higher final yields than unsprouted seed. There

was also evidence that Majestic responded more favourably

to the earlier sprouting in January compared with sprouting

in February with regard to greater tuber yield at different

stages of plant development and also yield at maturity.

With regard to grade of the produce, in Arran Pilot

there was no significant difference in yield of ware (over

25" diameter) and seed (15" to 2^H diameter) between

sprouted (January and February) and unsprouted seed

(stored throughout at low temperature) irrespective of

T.G.N.B. treatment. In fact in Arran Pilot underground
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brandies from main stems able to produce tubers played an

important part in tuber production and while sprouted

seed formed a smaller number of main stems it produced a

larger number of underground branches from the main stems,

and as a result the total number of tuber-producing stems

tended to be greater in sprouted seed than unsprouted

S6Sd.

In Majestic the development of underground branches

from the main stem able to produce tubers was not found to

such a great extent as in Arran Pilot and the grade of

produce was largely determined by the number of main

stems. Thus, irrespective of T.O.N.B. treatment,

unsprouted seed tubers (stored throughout at low

temperature) having a larger number of main stems, gave a

significantly greater number of tubers and also yield of

seed size tuber than sprouted seed (January and FebruaryV
y

while sprouted seed having a smaller number of main

stems produced a significantly greater yield of ware than

unsprouted seed.

In both varieties treatment of seed with T.C.N.B. at

low temperature until January, February or throughout did

not have any significant effect on the total yield

compared with those stored without T.C.N.B. With regard

to grade of produce, irrespective of variety there was no

significant difference in yield of ware and seed size

tuber between T.C.N.B. and no T.C.N.B. treatment in the

case of January and February sprouting. When the period
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of storage with T.O.N.B. at low temperature was prolonged

until planting time only in Majestic, did a significantly

greater yield of seed size tuber with a smaller yield of

ware result.

1lj.„ The main effect of seed size (averaged for all storage

treatments) showed that in both varieties large seed gave

a significantly greater number of tubers and yield of seed

size tubers than small seed. However, this size effect

was not consistent for ail treatments, being absent or

reversed where tubers had been stored at higher

temperature (50C-60°P or 65°~80°F).
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Experiment 5• Effect of length of storage at high

temperatures on weight losses in storage and subsequent

plant development of seed potatoes.

A. Materials and Methods

Tubers weighing from 90-100 gms. were selected from a

seed stock of Arran Pilot (Scottish Grade A) and made up

into 11}- lots, each of 25 tubers, which were weighed and

placed into lidded tin boxes (10" x 9»5" x 1}-. 8"). The

various boxes numbered 1 to 1i+ received different storage

treatments, as shown in Table 118, starting on 10th

November, 1960.

The temperature ranges for medium (50°~60°F) and high

(65°-80°F) temperature storage are summarised in Appendix

38. At each time of transfer to a different temperature

the tubers in a box were weighed and any sprouts which had

formed were removed and their fresh weight taken. Thus

tubers of boxes 1 to 6 (Table 118) were weighed and

desprouted where applicable on 8th January and on 6th March.

A similar procedure was adopted for boxes 1 and 2 and 7 to

10 (Table 118). On 25th April, i.e. five days before

planting, the tubers of all boxes were weighed and any

sprouts present were removed and also weighed. In

Appendix 88 the initial weight of tubers in each box and

the weights of tubers and sprouts at the two times of

transfer and at planting time are given.

Field Experiment. To study the effect of different
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TABLE118
SummaryofTreatmentsofExperiment5

1.Stored8weeksatUO°F(10thNov. to6thMarch),7weeksatij.O°F
2.Stored8weeksat1+0°?(10thNov. to6thMarch),7weeksatl+0°P

3.Stored8weeksat1+0°F(10thNov. to25thApril).
U.Stored8weeksati+0°F(10thNov. to25thApril).

5.Stored8weeksat50°-60°P(10thNov.to8thJan.),15weeksatU0°F(8thJanto25thApril).
6.Stored8weeksat65°-80°F(10thNov.to8thJan.),15weeksati+O0?(8thJanto25thApril).

7.Stored16weeksatU0°P(10thNov.to6thMarch),7weeksat50°-60°F(6thMarchto25thApril).
8.Stored16weeksatij.0oP(10thNov.to6thMarch),7W6eksat65°-80°P(6thMarchto25thApril).

9-Stored16weeksat50°-60°F(10thNov.to6thMarch),7weeksati40°P(6thMarchto25thApril).

t

10.Stored16weeksat65°-80°F(10thNov.to6thMarch),7weeksat40°F(6thMarchto25thApril).
11.Storedthroughout(23weeks)at50°-60°F(10thNov.to25thApril). 12.Storedthrou^iout(23weeks)at65°-80°F(10thNov.to25thApril). 13^Storedthroughout(23weeks)ati|.0oF(10thNov.to25thApril). 1h.Storedthroughout(23weeks)atkO°F(10thNov.to25thApril).to8thJan.),8weeksat50°-60°F(8thJan.(6thMarchto25thApril). to8thJan.),8weeksat65°-80°F(8thJan.(6thMarchto25thApril). to8thJan.),15weeksat50°-60°F(8thJan to8thJan.),15weeksat65°-80°F(8thJan
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Fig.17 LAY OUT OF THE EXPERIMENT 5
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storage treatments on subsequent plant development the

tubers were planted out in an experimental plot to contain

the following combination of factors.

A, Date of Lifting

1. First lifting on l+th July (61+ days after planting)
2. Second lifting on 25th July (85 days after

planting)

3. Third lifting on 12th August (103 days after

planting)

1+. Fourth lifting on 11+th September (126 days after

plant ing).

Treatment - 11+ treatments as shown in Table 118.

Layout of Experiment (Fig. 17)

The experiment was of a split plot design in a

randomised block system with five replications. Sach

replication was then divided into four main plots for the

four dates of lifting which were randomised in each

replication and the 1l+ treatments were randomised in each

main plot.

In each main plot one tub6r from each treatment was

planted. So at the time of sampling, each treatment was

represented by five plants, i.e. one plant from each

replication.

The main plots were separated by single discard

drills and guard tubers separated each replication. There

were two guard rows on each side of the experimental plot
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and double guard tubers at each end of the plot. The

area covered 1+8 ft. x l+2f ft., i.e. 0.01+6 acre.

Planting. The tubers were planted on 1st May in 27"

drills with 18" spacing betv/een tubers.

Field Observation. Counts of plant emergence were made

twice per week from 9th- May until 8th June when the drills

were finally ridged up.

For the purpose of blight control a spray of Perenox

was applied on 21+th June and again on 22nd August and

throughout the growing period no blight was observed.

Plant Growth Studies

At each date of lifting the plants were brought into

the laboratory, washed free of soil and the following

observations were carried out: (1) the number and size

(diameter in cm.) of tubers of each plant, (2) the dry

weight of foliage of the five plants of each treatment, and

(3) the dry weight of tubers of each plant separately.

The dry weight was determined after drying for 21+ hours at

95°~-100°C.

Statistical Analysis and Method of the Presentation of

Data

The data of the experiment related to rate of plant

emergence, dry weight of tubers, were subjected to the

"Analysis of Variance" appropriate to the designs. For the

rate of emergence there was one estimate of error applicable
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to the effect of treatment. With regard to the dry weight

of tubers, there were two estimates of error applicable to

(a) effect of date of lifting, (b) effect of treatment and

interaction of treatment with date of lifting.

The methods of statistical analysis were based on

those of Yates (1937) and Paterson (1939).

The other information is recorded in the form of two

way tables on the basis of the statistical analysis with

the appropriate standard error. The difference is

considered significant whenever the difference is greater

than '/2 x S.E. x t (Fisher and Yat6s 19^9)«

The progressive data on dry weight of foliage were

presented as the mean of five plants.



350

HESPLTS

B. Studies Daring Storage Period

1 • Weight Losses in Storage

The weight losses of tubers due to sprout growth and

other losses (transpiration and respiration) during

storage at high (65°-8Q°F), medium (50°-60°F) or low

(40°?) temperature related to the various storage treat¬

ments are given in Appendix 89, the losses being expressed

as a percentage of the tuber weight at the beginning of

heat treatment.

The effects of storage treatment on weight loss in

storage may be considered under the following headings:

(i) Weight losses during varying periods of

heat treatment applied at different times.

(ii) Weight losses during the total storage period.

(i) Weight Losses During Varying Periods of Heat

Treatment Applied at Different Times

(a) Heat Treatment at Medium Temperature (50°--60oF) for

8 or 7 Weeks Period

The loss in weight of tubers due to sprouting was

greatest (11.3/0 during the period the heat treatment was

applied during the last 7 weeks of storage, intermediate

(8.1%) for 8 weeks at the middle and lowest (2.13%) for
8 weeks at the beginning of the storage period. Thus the

amount of sprout production increased with increase in age
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TABLE119

Lossinwt.(%)oftubersduetosprouting,transpirationand respirationunderdifferentheattreatments(7-8weeks) 50°-60°F

65°-80°F

StorageTreatment

Lossin wt.(%) dueto Sprout

Lossinwt. (%)dueto Transpiration and Respiration
Total loss inwt (50

Lossin wt.(%) dueto Sprout

Lossinwt. {%)dueto Transpiration and Respiration
Total loss inwt <50

First8weeksheattreatment andthen15weeksati+0°F
2.79

1.72

4.51

2.10

2.49

4.59

First8weeksat40°Fandthen8weeksheattreatmentand then7weeksat40°F

8.10

1.01

9.11

4.23

1.68

5.91

First16weeksat40°Fand then7weeksheattreatment
11.30

1.17

12.47

4.11

1.59

5.70
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of tubers at the time whan the beat treatment was

applied (Table 119 and Pig. 18 A).

This result is in agreement with, that of Krijthe

(1958) who indicated that the germinating power of potato

tubers increased with the age of the tuber and also with

that of Burton (1952c) who reported that the weight of

sprouts produced by the non-dormant tubers (Majestic)
after 73 days at 10°0 was six times as great as that after

105 days from tubers initially dormant.

Irrespective of time of heat treatment, loss in

weight of tubers due to sprouting was markedly greater

than losses due to transpiration and respiration,which

ware more or less the same for the three times of heat

treatment. Although sprouting was greater with later

periods of heat treatment, heat treatment during the first

8 weeks showed a tendency to give greater loss in weight

due to transpiration and respiration (Table 119 and Pig.

18A). This might be attributed to the more immature

condition of the tuber giving a high rate of respiration

(Appleman etal 1926) and possibly to a less well

developed periderm resulting in greater water loss from

the tuber surface (Burton and Hann 1957b).

Total loss in weight was maximum when heat treatment

was done in the 7 weeks at the end (12.47$)» intermediate

in 8 weeks at the middle (9*11/2) and lowest in 8 weeks at

the beginning (4.51/2) of the storage period which may be

related to the different levels of sprout loss (Table 119

and Pig. 18A).



353
Fig. 18 EFFECT OF STORAGE AT 50°_60F AND 65-80F ON LOSS IN

TUBER HEIGHT(o/o) DUE TO SPROUTING, TRANSPIRATION AND

RESPIRATION AFTER DIFFERENT STORAGE PERIODS
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(5) Heat Treatment at High Temperature (65°-80oF)
for 6 or 7 Weeks Period

Losses in weight of tubers due to sprouting were

higher -when heat treatment was done during 8 weeks at the

middle (1+.23%) or 7 weeks at the end (4.11$) of the

storage period and lowest during the first 8 weeks (2.10$)

/Table 119 and Fig. 18 B/. At high temperature, however,

no difference was evident between the two later periods of

heat treatment (Fig. 18 B).

The loss in weight due to transpiration and

respiration was more or less the same for th6 different

times of heat treatment,although 8,weeks heat treatment at

the beginning again showed a tendency to give greater loss

in weight due to transpiration and respiration (Table 119

and Fig. 18 B).

At comparable times of heat treatment tubers stored

at medium temperature (50°~60°F) showed more sprout

development than those stored at high temperature

(65°-80°F) indicating an inhibiting effect of high

temperature storage on grov/th, as reported by Headford

(i960 and 1962) /Fig. 18 A and B/7.
Loss in weight of tubers due to transpiration and

respiration increased with an increase in storage

temperature. Total loss in weight suffered by the tubers

during 8 weeks or 7 weeks at 50°-60°F was greater than

that at 65°-80°F for the two later periods of heat treat¬

ment on account of greater sprout growth at 50°-60°F, but
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TABL3120

Lossinwt.(%)oftubersunderdifferentheat treatments(15-16weeks) 50°-60°F

65°-80°F

StorageTreatment
Lossin wt.(%) dueto Sprout

Lossinwt. dueto Transpiration and '.Respiration
Total loss inwt (k>

Lossin wt. dueto Sprout

Lossinwt, {%)dueto Transpiration and Respiration
Total loss inwt (sO

o

First8weeksatk0Fand then15weeksheat treatment

13-20

1.89

■■" 15.09

8.01

3.07

11,08

First16weeksheattreat¬ mentandthen7weeksat 2>0°F
10.85

-1.15

: | I ;12.00 I

8.27
i

* '-"'H 4-72
—

12.99
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there was no difference in total weight loss between the

two temperatures for the first period when sprout growth

was at a minimum and other losses (transpiration and

respiration) tended to he relatively high.

(c) Heat Treatment at Medium Temperature (50o-60°F)
for 16 Weeks or 15 Weeks

Fifteen weeks heat treatment at the end of the

storage period gave a greater loss in weight due to

sprouting than 16 weeks heat treatment at the beginning of

the storage period despite the shorter length of period in

the former case (Table 120 and Fig. 18 0). This result

also indicates that the germinating power of the tuber

increases with the age.

No marked differences in weight loss due to

transpiration and respiration between 16 weeks at the

beginning and 15 weeks heat treatment at the end were

found. The very slight increase where heat treatment

was applied later may be associated with the greater

amount of sprout growth exerting some effect over the

period involved (Table 120 and Fig. 18 0).

(d) Heat Treatment at High Temperature (65°-80oF)
for 15 or 16 Week Feriod

Later heat treatment showed more or less the same

amount of loss in weight due to sprouting as heat treat¬

ment at the beginning of storage period. The losses

"of 8.01$ and 8.27% show an inhibiting effect of high



357

temperature on the rate of sprout growth of 0.53/3 per

week and 0.51$ per week respectively for later 15 weeks

and beginning 16 weeks heat treatment, suggesting no

marked difference in the rate of sprout growth with

increased age (Table 120).

Sixteen weeks heat treatment at the beginning showed

h.72$, i.e. 0.29$ per week loss in weight of tubers due to

transpiration and respiration, and for the 15 weeks at the

end this figure was 3.07$, i.e. 0.20$ per week, thus

showing no marked difference between the two times of

treatments (Table 120).

While loss in weight of tubers due to transpiration

and respiration increased with increase in storage

temperature, at medium temperature tubers suffered a

greater loss in weight due to sprouting than those

stored at high temperature and the total weight loss was

also greatest at medium temperature (Fig. 18 G and D).

(ii) Weight Losses During the Total Storage Period

Tubers stored at low temperature (U0°F) throughout

the storage period showed least weight loss, the total

loss amounting to 3*33$ with less than 0.5$ due to

sprouting. Short periods (7-8 weeks) of exposure to

heat treatment increased the weight loss, the increase

being greatest at medium temperature during later periods

of storage; this effect can be attributed to the increase

in germinating power of the tuber -with age as already

indicated. At high temperature the increase was in
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TABLE121

Effectofperiodofheattreatmentontheshrinkageofseedtubers atthetimeofplanting 50°-60°F

I

65°-80°F

Mean

PeriodofHeat

Lossinwt.{%) throughoutthe storageperiod dueto

Total loss

Lossinwt. throughoutthe storageperiod dueto

Total loss

Sprout
Transpira¬ tionand

|

Total loss inwt
:(*)

Treatment

J

Sprout
Transpira¬ tionand Respira¬ tion

inwt {%)

Sprout
Transpira¬ tionand Respira¬ tion .

inwt (%)

1 i I

Respira¬ tion

1.First8weeksheat treatmentandthen15 weeksat40°F

3.13

2.47

5.60

3.17

.

3.38

6.55

3.15

2.92

6.07

2.First8weeksat40°F andthen8weeksheat treatmentandthen 7weeksat40°F

8.10

2.39

10.49

4.23

2.73

.

6.96

6.16

2.56

8.72

3.First16weeksat2+0°F andthen7weeksheat treatment

. ..

11.34

2.03

13.37

4.15

2.84

6.99

7.74

2.44

10.18

4.First16weeksheat treatmentandthen7 weeksat40%

10.85

1.68

12.53
: ;

8.27
j

.

.

;

5.27

13.54

9.56

3.47

13.03

5.First8weeksat40°F andthen15weeks heattreatment

I

13.20

2.69

15.89
i

8.01
i

3.65

i

11.66
|

10.60

3.17

13.77

6.Throughout(23weeks) heattreatment

13.45

3.93

17.38

11.91
|

5.48

17.39
i

12.68
j

j

4.70

' ■
17.38

Mean

10.01

I

2.53

12.54
:6.62

3.89

10.51

8.31

3.21

11.52

7.Throughout(23weeks) at40°F

0.41

2.76

3.17

0.50

2.99

3.49

0.46

2.87

I

3.33
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general less marked dae to the adverse effect of high

temperature on sprout growth. Long periods (15-16 weeks)

of heat treatment at high temperature gave further

increases in weight loss relating to increased sprouting

and losses due to respiration and transpiration.

Extending the period of heat treatment at medium

temperature also gave relatively high weight losses which

were greater where the heat treatment was applied late

due to the greater amount of sprout loss. Maximum

weight loss occurred where tubers were stored throughout

(23 weeks) at medium or high temperature,due to

relatively high levels of sprout loss,more particularly

at medium temperature, and also to relatively high

losses due to transpiration and respiration,more

especially at high temperature (Table 121).

In general, sprout losses tended to be greatest at

medium temperature while greatest losses due to transpira¬

tion and respiration were found with high temperature

storage (Table 121).

2• Effect of Ventilation on Weight Loss in Storage

In this study the tubers were stored in boxes with

tightly fitting lids which prevented any free access of

outside air. In order to determine the significance of

the restriction of ventilation, the weight losses of

tubers held at medium (50°-60oF) and high (65°-80°?)
temperatures have been compared with those from tubers

used in the previous study (Experiment k) which were held
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TABLE122

Effectofventilationonweightlossinstorage
TemperatureofStorage

\

StoredinTinBoxes
I

StoredinCardboardBoxes
Lossin wt.(%) dueto Sprout

I

Lossinwt.{%)dueto Transpiration and Respiration

1

Total loss inwt (*)J
Lossin wt.(%) dueto Sprout

Lossinwt.(%)dueto rranspiration and Respiration
Total loss inwt

(.%)

50°-60°Fthroughoutthe storageperiod

•

1

13.45

3.93

17.38

22.31

! I I

25.8546.07 i I ! }

65°-80°Fthroughoutthe storageperiod

11.91

5.48

a

17.39
|

18.32
I

j

32.92

|

51.24
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at comparable storage temperatures without T.G.N.B.

(small seed) in cardboard boxes allowing a free air flow

from outside. It may be seen from Table 122 that

tubers in the more freely ventilated cardboard boxes

gave greater amounts of sprout growth and greater losses

due to transpiration and respiration than tubers stored

in tin boxes where air movement was very restricted.

The reduced sprout growth in closed containers may

be related to the accumulation of volatile gases

produced from the tubers which according to Burton (1952b)

can suppress sprouting while the greater fresh weight

loss due to transpiration would be expected with

increased ventilation (Burton 1955).
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0. Studies on Plant Growth and Development

1. The Rate of Plant Emergence

The average number of days to plant emergence for

tubers from the various treatments are given in Appendix

90. The averages are based on 100$ plant emergence with

the exception of tubers held throughout the storage period

at medium (50°~60°F) or high (65°~80°P) temperature which

gave final emergence percentages of 60 and 70 respectively.

The data relating to the effect of different storage

treatments on emergence rate was subjected to statistical

analysis and for this purpose a "Germination Rate Index"

(Bartlett 1937) was worked out for each treatment as

described for previous experiments (Appendix 9*0« The

analysis of variance of the results (Appendix 92) showed

that the effect of treatment on the rate of plant

emergence was significant. A further breakdown of the

effect of treatment indicated that the period of heat

treatment exerted a significant effect (Appendix 92) but

that the effect of temperature (average of medium and high

temperature) and the interaction of temperature and period

of heat treatment were not significant.

Effect of Period of Heat Treatment on the Rate of

Emergence of Plant

Where the period of heat treatment was short (7 to 8

weeks) heat treatment during the first 8 weeks of storage

gave a significantly slower rate of plant emergence than
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TABLE123

Effectofperiodsofheattreatmentonthe "GerminationRateIndex"
PeriodofHeatTreatment

Germination Hate Index

1.First8weeksbeattreatmentandthen15weeksat1|0°F 2,First8weeksati|0°Fandthen8weeksheattreatmentandthen 7weeksatij.0oF
3»First16weeksati|0°Fandthen7weeksheattreatment First16weeksheattreatmentandthen7weeksati|.0oF

5.First8weeksatij.0oFandthen15weeksheattreatment 6.Throughout(23weeks)heattreatment 7.Throughout(23weeks)athO°F S.E.ofPeriodofHeatTreatment+0.033
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TABLE12h

Effectofperiodofheattreatmentonthe
averagenumberofdaysrequiredfor-plantemergence PeriodofHeatTreatment

Averagenumber;
ofdaysrequired intheemergence ofplant

1,

First8weeksheattreatmentandthen15weeksat1+0°F
3k.69|

2,

First8weeksati}.0oFandthen8weeksheattreatmentand then7weeksathO°F

f

32.95

I

3.

First16weeksati|.0OFandthen7weeksheattreatment
j 1

29.30

I f

4,

'

First16weeksheattreatmentandthen7weeksati|0°F
35.10

|

5.

First8weeksatlj.0oFandthen15weeksheattreatment
26.73

I

6.

Throughout(23weeks)heattreatment

33.00

|

7-

Throughout(23weeks)at1+0°F

31.93

!I
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Heat treatment daring the second 8 weeks which in turn

gave a slower rate of emergence than where 7 weeks heat

treatment was applied at the end of the storage period

(Table 123). The average numbers of days to plant

emergence in each case were 34.69, 32.95 and 29.3

respectively (Table 124). Thus tubers planted after heat

treatment applied late in the storage period emerged

earlier than those planted from low temperature storage

following previous storage at high temperature and

emergence was later the longer the period of low (40°P)

temperature storage.

The results for emergence rates when the period of

heat treatment was 15-16 weeks also showed that heat

treatment at the end of the storage period gave

significantly earlier emergence than heat treatment

applied earlier (Table 123). The average number of days

for plant emergence from 8 weeks at low temperature

followed by 15 weeks heat treatment was 26.73 days, as

opposed to 35.1 days where 16 weeks heat treatment was

followed by 7 weeks at low temperature (Table 124).

Thus heat treatment at the end of the storage period, i.e.

just before planting, was found to stimulate early plant

emergence. Moreover, lengthening the period of heat

treatment at the end of the storage period from 7 weeks to

15 weeks gave a significantly faster rate of emergence

with a reduction in the average number of days to

emergence from 29.3 days to 26.1 days (Table 123 and 124).
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Where the period of heat treatment extended throughout

the storage period, however, the rate of plant emergence

was adversely affected and the final plant stand was

reduced (Appendix 90). Low temperature throughout the

storage period proved superior to heat treatment throughout

hut gave a slower rate of emergence than heat treatment at

the end of the storage period (7-15 weeks) /Table 123 and

121+/.
Heat treatment during the middle of the storage period

did not give any significantly earlier emergence than

storage throughout at low temperature. While 8 weeks

heat treatment at the "beginning of the storage period

slightly delayed emergence relative to continuous low

temperature and 16 weeks heat treatment early in the

storage period followed hy low temperature storage gave the

slowest rate of plant emergence of all treatments (Table

123 and 121+).

Periods of heat treatment as they affect speed of

emergence may be arranged in descending order as follows:-

1. First 8 weeks at 1+0°F and then 15 weeks heat

treatment (avg. 26.7 days).

2. First 16 v/eeks at 1+0°F and then 7 weeks heat

treatment (avg. 29.7 days).
r 3. Throughout at 1+0°F (avg. 31-93 days).
-h. First 8 weeks at l+0°F and then 8 weeks heat

treatment and then 7 weeks at 1+0°F

(avg. 32.9 days).

- 5. Throughout heat treatment (avg. 33-0 days) .
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5- Throughout heat treatment (avg. 33*0 days).

I 6. First 8 weeks heat treatment and then 15 weeks

at L|.Q0F (avg. 3^.69 days).

L7» First 16 weeks heat treatment and then 7 weeks

at liO°F (avg. 35.10 days).

N.B. Differences between bracketted treatments not

significant.
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2. Dry Weight of Foliage and Tubers at Different

Stages of Plant Development

The dry weights (gra.) of tubers per plant recorded on

the different dates of sampling for the various storage

treatments are given in Appendix 93 and the analysis of

variance of the data is shown in Appendix 91+. The dry

weight of foliage per plant on different dates of sampling-

has been presented in Appendix 95.

(i) Time of Lifting

As shown in Table 125 in general (average of all

storage treatment) dry weight of foliage per plant

increased rapidly up to the second lifting date (85 days

after planting). Further growth of foliage up to the

third sampling date (103 days after planting) was

negligible, while senescence of leaves started after the

third sampling and the dry weight of foliage per plant

decreased at the final sampling (126 days after planting).

TABLS 125

Dry weight (gra.) of foliage per -plant at different
stag-es of plant development

T

Days after planting
Dry wt. (gm.) of foliage

per plant

61+ days (l-j) 19.7

85 days (lg) 1+1.0
103 days (l^) 1+3.5
126 days (lh) 18.7
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Dry weight of tubers increased up to the final

lifting (Table 126). Maximum dry weight production of

tubers occurred between the second and third sampling

when the growth rate was 3*8 gms. per plant per day

compared with 2.9 gms. per plant per day between third and

fourth sampling date and 2.6 gms. per plant per day between

the first and second sampling dates. Thus maximum crop

increases were found between the 12th and 15th week after

planting (Table 126). Davidson (1958a) having previously

reported that maximum crop increases occurred between the

12th and 16th weeks after planting.

TABLE 126

Dry weight (gm,) of tubers per plant at different

staples of plant development

Days after planting
Dry wt. (gm.) of tuber

per plant

6i+ days (l-j) 12.1

85 days (12) 72.8

103 days (13) 139.6

126 days (l^,) 198.3

S.E. of Date of lifting +5.02

(ii) Effect of Different Storage Treatments on Dry Matter

Production of Tubers and Foliage at Various Stages

of Plant Growth

Prom Appendix 9h it may be seen that with regard to
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TABLE 127

EFFECT OF TEMPERATURE OF STORAGE ON DRY WT(g) OF
TUBERS fER EL ANT AT VARYING STAGES OF PLANT DEVELOFMENT

Temperature of storage

Dry wt(g) of tuber per plant
at different dates of lifting

,

Meanlp 12 I3 14

Medium (50°-b0°F.)
High (65°-80°F.)

14.4 69.8 146.0 189.7

■ 11.00 68.8 120.9 178.2

105.0

94.7

S.E. of Temperature +3.25
S.E. of Temperature x Date of lifting ± 6.50

TABLE 128

EFFECT OF TEMPERATURE OF STORAGE ON DRY UT(g') OF
FOLIAGE PER PLANT AT VARYING STAGES OF ELART DEVELOPMENT

Temperature of storage

Dry wt(g) of foliage per
at different dates of

plant
lifting

h 12 X3 Mean

Medium (50°-60°F.) 19.4 40.7 43.7 17.7 30.3

High (65°-80°F.) 18.1 55.6 39.4 17.8 27.7

1^ s lifted 64 days after planting
12 - " 85 " " "
13 . " 105 " " "
14 = " 126 " " «
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dry weight (gra.) of tuber,, the main effects of temperature

and periods of heat treatment were significant, but that

significant interactions occurred between temperature and

period of heat treatment and between period of heat

treatment and date of lifting.

The main effect of temperature (average of period of

heat treatment) indicated that he,at treatment at medium

temperature (50°-60°F) gave a significantly greater dry

weight production of tubers per plant than at high

temperature (65°~80°F) /(Table 127 and Fig. 1^/j but
comparing the two temperature levels for the different

periods of heat treatment the differences in favour of

medium temperature were only significant when heat treat¬

ment was applied during the last seven weeks of storage

(Treatment 3) or during the the first 16 weeks (Treatment

k) /Table 12^7- It may also be noted that medium

temperature treatments in general formed mora tubers

between 3»5 cm. and over 5 cm. diameter (Appendix 96) and

produced more dry matter of tuber and foliage than high

temperature treatment (Table 127, 128 and Fig. 19)«

Where the period of heat treatment was short (7-8

weeks) the time of heat treatments did not show any

significant effect on dry weight production of tubers per

plant averaged for the two temperature levels and dates of

lifting (Table 129). However, where high temperature

(65°-80°F) treatment was applied during the last seven

weeks of storage tuber yields tended to be less and the
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TABLE129

Effectofdifferentperiodsofheattreatmentathighandmedium temperatureondryweightoftuber-perplant
PeriodofHeatTreatment

Drywt.(gm,)of tuberperplant
Mean

50°-60°F
65°-80°F

1.

First8weeksheattreatmentandthen15weeksat40°F
129.0

121.9

125.5

2,

First8weeksat40°Fandthen8weeksheattreatmentandthen 7weeksat40°F

127-4

129.5

128,4

3.

First16weeksat8.0°Fandthen7weeksheattreatment
129.3

107.1

118.2

4.

First16weeksheattreatmentandthen7weeksat1|0°F
100.8

58.82

79.8

5.

First8v/eeksat40°Fandthen15weeksheattreatment
125.1

18.0,0

132.5

6,

Throughout(23weeks)heattreatment

18.5

11,20

14.8

Mean

105,0

98,7

7.

Throughout(23weeks)at40°F

18-1.3

140.1

140.7

S.S.ofPeriodofHeatTreatment+5.6 S.E,ofTemperaturexPeriodofHeatTreatment+7,9
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TABLS150

Effectofdifferentstoragetreatmentsondryweight(am.)of foliageperplant
PeriodofHeatTreatment

Drywt.(gm,)of foliageperplant
!

Mean

50°-60°F
65°-80°F

I r I

1.

First8weeksheattreatmentandthen15weeksatl+0°F
1+2.7

36.0

39.3

2.

First8weeksat1+0°Fandthen8weeksheattreatmentandthen7weeksat1+0°F

■

38.6

33.2

s

36.9!
i

3.

First16v/eeksat1+0°Fandthen7weeksheattreatment
35.7

29.5

32.6j

1+.

First16weeksheattreatmentandthen7weeksat1+0°F
30.7

23.5

27.1|

5.

First8weeksat1+0°Fandthen15weeksheattreatment
31.0

37.5

3k.2

6,

Throughout(23weeks)heattreatment

3-k

•k.5

3.9!
(

i

Mean

30.3

27.7
I

i

7»

Throughout(23weeks)at4Q&

j1+0.8

11\i 1+1.20■1+1.0
II!
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reduction was significant in comparison with medium

temperature treatment at the same time and with high

temperature treatment for the second eight weeks period

(Table 129): this may he due to a smaller amount of dry

weight of foliage in last seven weeks heat treatment at

high temperature (Table 130)» During early plant

development in the field, heat treatment during the last

seven weeks period of storage (average of temperature) was

found to give earlier plant emergence (Table 123 and 124)

and tended to give high yields of tubers on the first two

sampling (64 and 85 days after planting) dates compared

with heat treatment applied during the first or second

eight weeks storage period, but the rate of growth

increment fell off more rapidly and final yields were

significantly less than for the other two periods of heat

treatment (Table 13"1) - It may be seen from Appendix 96

and Table 132 respectively that the late seven weeks heat

treatment produced fewer tubers of 3»5 cm. and over 5 cm.

diameter at the last two sampling dates and also gave

smaller amounts of foliage during different stages of

plant growth compared with those subjected to heat treat¬

ment during the first or second eight weeks storage

period.

When the period of heat treatment was increased from

7-8 weeks to 15-16 weeks, 16 weeks heat treatment (average

of two temperature levels) at the beginning of the storage

period gave significantly lower tuber production than heat
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treatment applied during the last 13 weeks, the effect

"being more marked at high temperature (Table 129). The

difference in favour of late heat treatment for higher

dry weight of tubers was evident at each date of sampling

and significant for the final three sampling dates (Table

130* Late heat treatment for 15 weeks also gave a

larger number of tubers of higher diameter (over 5 cm.)

,/Appendix 96/, and greater amounts of foliage (Table 130

and 132) compared with early heat treatment.

In comparing short periods (7-8 weeks) of heat treat¬

ment with longer periods (15-16 weeks) there was no

significant difference between the results for short

periods of treatment at varying times and heat treatment

during the last 15 weeks of storage., with the exception of

heat treatment at high temperature (65°-80°F) during the

last seven.weeks of storage which tended to give lower dry

weight production of tubers (Table 129). In the case of

early heat treatment for 16 weeks, however, yields of

tuber (Table 129) and amount of foliage (Table 130) were

consistently lower than for all of the previous treatments.

Heat treatment applied throughout the storage period

(23 weeks) was found to be the least favourable for plant

development, giving late emergence (Table 123 and 12ij.) and

the lowest yields of tuber (Table 129) and foliage (Table

130) than any other treatment. In some cases the mother

tuber exhibited a 'little potato' effect with no aerial

growth and small tubers formed directly from stolons.
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TABLE131

Effectofperiodofheattreatmentondryweightof.tuberperplant atdifferentstagesofplantdevelopment
PeriodofHeatTreatment

Drywt.(gm.)of tuberperplant atdifferentdates oflifting
I

11

X2

X3

X4!

1.

First8weeksheattreatmentandthen15weeksat40°F
8.9

82.5

166,k

i

21+1+.1|

2.

First8weeksat40°Fandthen8weeksheattreatmentand then7weeksat40°F

13.0

83.9

167.2

249.8

3.

First16weeksat40°Fandthen7weeksheattreatment
17.0

102,6

11+6.6

106.6

4.

First16weeksheattreatmentandthen7weeksat40°F
7.2

41.7

122.8

147.5

5.

First8weeksat40°Fandthen15weeksheattreatment
25.7

97.k

175.5

231.5j

6.

Throughout(23weeks)heattreatment

4-5

7.9

22.5

I

24.5

7.

Throughout(23weeks)at40°F

8,6

94.0

176,3

283.9i
I ,

S.E.ofDateofLiftingxPeriodofHeatTreatment+11.2 N.B.1^=64daysafterplanting lg=85daysafterplanting I3=103daysafterplanting¬ le=126daysafterplanting
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TABLE132

Effectofperiodoftieattreatmentondryweight(gm.)offoliage per-plantatdifferentdatesoflifting
PeriodofHeatTreatment

Drywt.(gm.)of foliageperplant
atdifferentdates oflifting

*1

*2

13

1.

First8weeksheattreatmentandthen15weeksat!iO°F
22,5

53»7

57.6

23.7

2,

First8weeksatkO°Fandthen8weeksheattreatmentand then7weeksat1+0°F

22.3

53.k.

51.1

20.9

3.

First16weeksat/Lj.0°Fandthen7weeksheattreatment
21.LL

k5.2

k2.2

21.b

k.

First16weeksheattreatmentandthen7weeksatl+0°F
15.3

28,0.

U7.0

18.1

5.

First8weeksatU0°Fandthen15weeksheattreatment
29-3

k3-8

bb.5

19.5

6.

Throughout(23weeks)heattreatment

1,3

b-7

6.9

2.9

7.

Throughout(23weeks)atl4.0°F

25.8

58,3

55.k

2b.5

N.B.1i=6kdaysafterplanting 12=85daysafterplantin 1^=103daysafterplantin
Ik =126daysafterplantin,

O* P*
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Fig.20 EFFECT OF PERIODS OP HEAT TREATMENT ON

THE DRY MATTER PRODUCTION OF TUBERS PER PLANT

AT DIFFERENT STAGES OF PLANT DEVELOPMENT.
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Pig.21 EFFECT OP' PERIODS OP HEAT TREATMENT ON THE

DRY MATTER PRODUCTION OP FOLIAGE PER PLANT AT

DIFFERENT STAGES OF PLANT DEVELOPMENT.
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Tubers held at low temperature throughout the

storage period gave the highest yield of tubers (Tahle

129). The increases ahove other treatments were

significantly greater in comparison with early 16 weeks

and heat treatment throughout the storage period for the

last three dates of lifting and at the final date of

lifting differences in favour of low temperature storage

for higher yi6ld of tubers were significant in comparison

with all other treatments (Tahle 131)- Thus while late

heat treatment (7 weeks and 15 weeks) gave earlier

emergence (Tahle 123 and 121+) and tended to give earlier

tuber production than tubers planted from low temperature

storage, the rate of increment appeared to fall more

rapidly and continued low temperature storage gave the

most sustained increment in tuher yield (Tahle 131 and

Fig. 20). Growth of foliage of tuhers stored

continuously at low temperature was relatively high

throughout the growing period compared with that from

tuhers subjected to heat treatment before planting (Tahle

132 and Fig. 21) .
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D. DISCUSSION

EXPERIMENT 5

Growth of Sprouts as Influenced by the Age of Tuber and the

Temperature of Storage

The results of Experiment 5 indicate that the growth in

weight of sprouts may he related to the age of the tuber and

the temperature of the storage environment.

Dealing firstly with age, it was found that the amount

of sprout growth from tubers exposed to temperatures suitable

for growth for a fixed period before or after low temperature

storage increased with the age of the tuber after harvest.

Thus with tubers subjected to periods of higher temperatures

(50o-60°P or 65°-80°F) at varying times during the storage

season, the amount of sprout growth was maximum when this

occurred late in the storage season, intermediate during

mid season and lowest during the beginning of storage.

This result confirms the views of Krijthe (1958) who

indicated that from the time of lifting onwards to a certain

stage the "Germinating power" of the potato tuber (as

measured by the weight of sprouts produced during a period

of four weeks at a constant temperature at 20°C following

previous storage at 2°C) increases with age.

The small amount of sprout growth during the beginning

of the storage season may be related to the initial dormancy

of the tubers. Thus some time was required for completion

of the period of rest or dormancy and as a result tubers

gave a smaller amount of sprout growth compared with those
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stored at l+0oF "before heat treatment. In fact tubers

subjected to heat treatment at the end of the storage

period tended to show sprout development at low temperature

(i+0 P) prior to storage at higher temperatures. Burton

(1952c) has reported that the weight of sprouts produced "by

the non-dormant tubers (stored previously at 5°C from

October to February) after 73 days at 10°G was six times as

great as that produced after 105 days at the same

temperature by tubers initially dormant.

In the present experiment it may be noted that increase

in sprout growth associated with age of tuber did not apply

when the heat treatment was carried out at 65°-80°F for a

long period (15 weeks) at the end of the storage period

compared with heat treatment at the beginning, suggesting

an inhibiting effect of high temperature on sprout growth.

Apart from the age of the tuber, the growth of sprouts

was influenced greatly by the temperature of storage.

Thus at comparable times of heat treatment tubers stored at

50°-60°F gave a greater sprout growth than those stored at

65°-80°F. Barker (1937) reported that increase in the

rate of sprout growth occurred by increasing the temperature

of the storage from U1°F to 59°F but above that the increase

was less marked. According to Owers (i960) and later

Shotton (1961) sprout growth increased with increase in

temperature from ij.5°F to 55°F in the case of Arran Pilot

or to 65°F in the case of Majestic and King Edward, but

further increase in temperature to 75°F resulted in a
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decrease in sprout growth. Headford (i960 and 1962) also

reported the inhibiting effect of high temperature (68°F,
77°F and 86°F) on sprout growth in Arran Pilot and King

Edward. In the previous experiment (Experiment 1+) the

inhibiting effect of high temperature (65°-80°F) storage on

sprout growth has also been shown.

Growth of sprouts in weight was also influenced by the

movement of air in the storage atmosphere. Thus tubers

stored in boxes with tightly fitting lids at 50°-60°F or at

65°-80°F produced less sprout growth than comparable tubers

stored in freely ventilated cardboard boxes. This result

is in agreement with that of Burton (1952b) who showed

that volatile melabolic substances produced by the potato

prevent sprouting if they accumulate during storage.

Growth and Plant Development in the Field

(a) Rate of Plant Emergence

Although tubers of all storage treatments were planted

without any sprouts, the rate of plant emergence was found

to be related to the temperature of storage. Thus heat

treatment (averaged for 50°-60°F and 65°-80°F) at the end of

the storage period (7 or 15 weeks) i.e. just before planting,

hastened plant emergence. On the other hand, heat treatment

at the beginning (8 or 16 weeks) or middle (8 weeks) of the

storage period followed by low temperature (l|.0oF) did not

result in earlier plant emergence than storage throughout at

low temperature. It seems that exposure to low temperature

following heat treatment and desprouting caused a retardation
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in subsequent plant development.

Early plant emergence in seed tubers subjected to heat

treatment at the end of the storage period may be related

to the effect of temperature on the physiological develop¬

ment of the tuber reserves, higher temperatures advancing

physiological development and stimulating subsequent sprout

growth. It has been shown by many earlier workers

(Peacock and Wright 1927, Stuart and Lombard 1929) that

dormant tubers held at high temperature (50°-70°F) for a

short period before planting produced plant above ground

earlier than those stored at low temperature (32°P).
McCubbin (19U1) also reported that desprouted seed tubers

(sprouted for on6 month before planting) emerged earlier

than dormant seed (stored at 36°F).
The stimulating effect of high temperature storage

before planting was not evident when the heat treatment

extended throughout the storage period. In this case in¬

complete plant stands were obtained and the emergence rate

of plants that did emerge was slower than that for low

temperature storage.

(b) Growth of Foliage and Tuber Yield at Different
Stages of Plant Development

While heat treatment at the end (7 or 15 weeks) of the

storage period gave earlier plant emergence and tended to

give earlier tuber production than seed tubers planted from

low temperature, the rate of increment appeared to fall

more rapidly and continued low temperature storage gave the
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most sustained, increment in tuber yield, per plant (in terms

of dry weight). In fact, seed tubers subjected to heat

treatment before planting, irrespective of time or period

of heat treatment, gave a significantly smaller tuber yield

per plant at final lifting than those stored throughout at

low temperature. Smaller tub6r yields at final lifting

associated with heat treatment before planting may be

related to the restricted growth of foliage at different

stages of plant development which in turn might have

restricted the growth of tubers at final lifting. Making-

particular reference to removal of sprouts at the time of

planting, McGubbin (19U1) has shown that desprouted seed

(sprouted for one month at 50°P in light or darkness and

desprouted at the time of planting) gave a greater tuber

yield at different stages of plant development than those

stored throughout at low temperature (39°F) but with regard

to final yield the author considered that it would depend

primarily on time of planting, length of the growing season

and climatic conditions. With early planting or a growing

season sufficiently long to permit plants of the two seed

treatments (desprouted and dormant) to attain complete

maturity under equally favourable climatic conditions,

yield would be equal. With late planting or a short

growing season where the growth of plants was impeded by

late blight or frost, yield would probably be greater from

desprouted seed than dormant seed.

Prom the present study it would appear that with an



387

early variety the effect of high temperature storage, even

for a short period may have an adverse effect on final

yield in curtailing the effective growing season during a

period when the potential for assimilation is still high.

Thus where plants are slower in reaching maturity following

low temperature storage they may show a benefit from

delayed leaf senescence in final yield.

Westover (1928) has shown that removal of sprouts

once (stored for i+8 days at 65°F, desprouted and then

transferred to 39°F until planting) caused 6% loss in weight

before planting and gave a non-significant reduction in

yield compared with unsprouted seed (stored throughout at

39°P) where 1,3% loss in weight was sustained before

planting. The reduction in yield was significant when

sprouts were removed twice (desprouted once after 48 days

and again after 26 days at 65°P and then transferred to

39°P until planting) causing a loss in weight of 11.3/2* or

more than twice. In the present experiment it has been

shown that tubers subjected to heat treatment (averaged for

two temperatures) before planting had 6,07% (Minimum) to

17-38/2 (Maximum) loss in weight and gave a significant

reduction in final yield compared with seed stored

throughout at 40°P where 3-33% loss in weight was sustained

and a significant negative correlation (r = -O.765) between

weight loss of the seed tuber and final tuber yield was

found. Although it might be expected that weight loss of

the seed tubers has a weakening effect on subsequent plant
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growth, the affect of temperature on subsequent plant

development must also be considered and higher temperatures

during storage have reduced final yield by hastening plant

maturity resulting in restricted foliage development.
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-E* CONCLUSIONS

EXPERIMENT 5

Studies were carried out on the effect of exposure of

seed tubers of Arran Pilot held at l4-0°P to higher temperature

(50°-60°F or 65°-80°F) for varying periods at varying times

during the storage season on sprout growth during the period

of heat treatment and on subsequent plant growth and

development and final crop yield (in terms of dry weight of

tuber per plant) after desprouting before planting.

1. The amount of sprout growth from tubers exposed to

higher temperatures (50°-60°P or 65°-80°F) for a fixed period

of storage increased with the age of the tuber after

harvest.

2. Weight losses due to sprout growth during storage were

least at 40°F. With higher storage temperature (50°-60°F)
sprout growth was increased but a further increase in

temperature to 65°-80°F resulted in less sprouting. In

general, loss in tuber weight due directly to sprouting

tended to be greatest at 50°-60°F while weight losses due

to transpiration and respiration varied directly with the

increase in storage temperature from 1+0°F to 65°-80°F.

3. As losses in tuber weight due to sprouting formed the

major source of loss in this experiment, the total weight

losses were minimum at i|.0oF, intermediate at 65°-80°F and

maximum at 50°-60°F.

k. Sprouting was reduced by storage in containers having
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restricted ventilation where it was assumed that volatile

metabolic substances produced by tubers suppressed sprouting

by accumulating in the storage atmosphere.

5. At higher temperature (50°-60°F or 65°-80°F) tubers

stored in ventilated containers suffered greater total loss

in weight than those stored in a condition where free

access of outside air was very restricted.

6. Heat treatment (averaged for 50°-60°F and 65°-80°F) at

the end of the storage period (7 or 15 weeks) and desprouting

at the time of planting hastened plant emergence, whereas

heat treatment at the beginning (8 or 16 weeks) or middle

(8 weeks) of the storage period followed by low temperature

(kO°F) storage until planting time did not result in

earlier plant emergence than storage throughout at low

temperature (kO°F).

7« Heat treatment at the end of the storage period tended

to give earlier tuber production (in terms of dry weight of

tuber per plant) up to 85 days after planting than tubers

planted from low temperature (40°F) but the rate of

increment appeared to fall more rapidly and continued low

temperature storage gave the most sustained increment in

tuber yield (dry weight of tuber per plant) at final

lifting.

8. Tubers stored throughout at low temperature (i4-0°F)
showed greater growth of foliage (in terms of dry weight per

plant) at varying stages of plant development than those

subjected to heat treatment before planting.
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9. Heat treatment at 50°-60°F or 65°-80°F throughout the

storage period followed "by desprouting at the time of

planting proved most unfavourable for plant development,

giving incomplete plant standsj low growth of foliage and

a high incidence of "little tuber".

10. In general, dry weight of foliage per plant (averaged

for all storage treatment) was maximum between 85 and 103

days (i.e. 25th July - 12th August) after planting and after

that senescence of leaves commenced.

Maximum dry weight production of tubers (averaged for

all storage treatment) occurred between 85 and 103 days

after planting, i.e. 25th July - 12th August, (3.80 gms.

per plant per day) intermediate between 103 and 126 days

after planting, i.e. 12th August - 14th September, (2.90 gms.

per plant per day) and lowest between 62+ and 85 days after

planting, i.e. 2+th July - 25th July (2.60 gms. per plant

per day).
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APPENDIX 1

TEMPERATURE OP GLASSHOUSE AND STORAGE BUILDING
DURING STORAGE PERIOD

Glasshouse Storage Building
Month

Minimum Maximum Minimum Maximum
°F °P F °P

October 52 56 40 50
November 53 58 40 47
December 53 58 39 45
January 51 58 36 44
February 48 60 33 43
March 49 60 38 45
April 51 70 - -

APPENDIX 2

METEOROLOGICAL OBSERVATIONS I960

Temperature °F Rainfall (Inches)
Sun
Shine
Hours

Month Minimum Maximum Difference
from

Average

Total
Inch

Difference
from

Average

April
May
June

39.0
52.1
54.0

54.0
56.0
58.4

+ 4.2
+ 4.4
+ 4.0

1.17
1.17
1.25

-0.82
-0.84
-0.84

121.9
134.1
179.4
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APPENDIX 3

SPROUTS PER EYE. SPROUTED EYES AND SPROUTS PER
TUBER AT THE TIME OF SPROUTING.

Arran Pilot Majestic
Tr. Storage period from Date of
No. 19 October and storage Sprouting

treatment. No?- No.2 No.^ No. No. No.

Sp. Sptd. Sp. Sp. Sprd. Sp.
P.E. E.P.T . P.T. P.E. E .P.T. P.T.

1. Sprouted from the beginning 20.10.59 0 0 0 0 0 0

2. 31 days with T.C.N.B. 19.11.59 0 0 0 0 0 0

3. ft " at 40°P. ft 0 0 0 0 0 0

4« 37 days with T .C .Ii .B. 15.12.59 1.0 2.88 2.88 0 0 0

5. ft " at 40°F. ft 1.0 2.00 2.00 0 0 0

6. 85 days with T.C.N.B. 12.1.60 1.0 1.71 1.71 0 0 0

1. I! " at 40°F. ft 1.0 2.62 2.62 0 0 0

8. 113 days with T.C.N.B. 9.2.60 1.39 1.67 2.33 0 0 0

9. ft " at 40°F. ft 1.17 6.83 8.00 0 0 0

10. 141 days with T.C.N.B. 8.3.b0 1.15 6.50 7.50 0 0 0

11. ft at 40°F. t! 1.30 7.67 10.00 1.00 1.75 1.75

12. 141
in

days without T.C.N.B.
storage building. 8.3.60 1.05 6.58 6.92 Visible

Sprouting

N .B.
1.

2.

3.

No. Sp. P.E. = Number of sprouts per eye.

No. Sptd. E.P.T. - Number of sprouted eyes per tuber.

No. Sp. P.T. « Number of sprouts per tuber.



APPENDIX 4

EFFECT OP VARYING PERIODS OP LOW TEMPERATURE (40°F)
STORAGE AND OF T.C.N.B. TREATMENT ON THE NUMBER OF

SPROUTS PER TUBER AT THE END OF THE SPROUTING PERIOD

(17th APRIL)

(ANALYSIS OF VARIANCE)

Variance
Factor d.f S.Sq. M.S.Sq. Ratio

1. Variety

2. Treatment

(a) Treatment 1 vs
Treatments 2-12

(h) Treatment 12 vs
Treatments 2-11

(c) T.C.N.B. vs 40°F (No
T.C.N.B.)

(d) Time of sprouting from
T.C.N.B. and 40°F (No
T.C.N.B.)

(e) Time of sprouting x
Treatment with T.C.N.B.
and 40°F (No T.C.N.B.)

3. Treatment x Variety

(a) Treatment 1 vs
Treatments 2-12

(b) Treatment 12 vs
Treatments 2-11

(c) T.C.N.B. vs 40°F (No
T.C.N.B.)

(d) Time of Sprouting from
T.C.N.B. and 40°F (No
T.C.N.B.)

(e) Time of sprouting x
Treatment with T.C.N.B.
and 40°F (No T.C.N.B.)

Error

Total

1 165.014 165.014 12.63 xx

11 2479.028 225.366 17.25 XX

1 479.111 479-111 36.67 XX

1 96.983 96.983 7.42 XX

1 48.600 48.600 3.72

4 1516.767 379.191 29.02 XX

4 337.567 84.391 6.46 XX

11 812.569 73.869 5.65 XX

1 84.698 84.698 6.48 X

1 50.188 50.188 3-84 X

1 109.350 109.350 8.37 XX

4 313.768 78.442 6.00 XX

4 254.565 63.641 4.87 XX

:64 3449-334 13.065

287 6903.945

** Significant at 1% K Significant at 5%



APPENDIX 5

SPROUTS PER TUBER AT .THE END OP THE

SPROUTING PERIOD IN LIGHT

Period of Storage Before
Sprouting in Light

With
T.O.N.B

At 1*0° P
i.e.
No

T.O.N.B.

Mean

31 days i.e. sprouted on
19.11.59 9.25 10.46 9.85

57 days i.e. sprouted on
15.12.59 11.17 9.87 10.52

85 days i.e. sprouted on
12.1.60 11.1*6 13.25 12.35

113 days i.e. sprouted on
9.2.60 15.62 14.33 14.97

141 days i.e. sprouted on
8.3.60 18.83 13.92 16.37

Mean 13.27 12.37

1i. S.E. of Treatment with T.O.N.B. or no T.O.N.B. ± 0.33

2. S.E. of Time of Sprouting +0.52.

3. S.E. of Time of Sprouting x Treatment with T.O.N.B.
and no T.O.N.B. + 0.74»



APPENDIX 6

EFFECT OP VARYING PERIODS OF LOW TEMPERATURE (40°F)
STORAGE AND OF T.O.N.B. TREATMENT ON THE NUMBER OF

SPROUTED EYES PER TUBER AT THE END OF SPROUTING
PERIOD IN LIGHT (17th APRIL)

(ANALYSIS OF VARIANCE)

Factor d.f S.Sq. M.S.Scl.
Variance
Ratio

1. Variety 1 16.055 16.055 5.85 xx

2. Treatment 11 139.708 12.700 4.63 xx

(a) Treatment 1 vs

Treatments 2-12 17.281+ 17.281+ 6.28 x

Ob) Treatment 12 vs
Treatments 2-11 1 0.237 0.237 -

(c) T.O.N.B. vs 40°F (No
T.C.N.B.) 1 26.001+ 26.001+ 9.47 xx

(a) Time of sprouting from
T.G.N.B. and 40°F (No

(a)
T.C.N.B.) 4 75.000 18.750 6.83 xx

Time of sprouting x
Treatment with T.G.N.B.
and 40°F (No T.C.N.B.) b 21.183 5.295 1.93

3. Treatment x Variety 11 63.278 5.752 2.09 xx

(a) Treatment 1 vs

Treatments 2-12 1 8.1+91 8.491 3.09
(13) Treatment 12 vs

11.866Treatments 2-11 1 11.866 4.32 x

(c) T.O.N.B. vs 40°F (No
2.08T.O.N.B.) 1 5.705 5.705

(a) Time of sprouting from
T.G.N.B. and 40°F (No
T.O.N.B.) b 21.150 5-287 1.93

(e) Time of sprouting x
Treatment with T.G.N.B.
and 40°F (No T.O.N.B.) b 16.066 1+.016 1.46

Error 26b 721+. 83!+ 2.745

Total 287 943.875

X3e Significant at * Significant at 5%



APPENDIX 7

VARIETAL DIFFERENCES IN SPROUTED EYES PER TUBER

Period of storage before
Arran Pilot Majestic

sprouting in light. With At 40°P. Mean With At 40°F. Mean
T.C.N.B i .e.

no

T .C .N.B.

T.C.N.B i.e.
no

T.C.N.B.

31 days i.e.
on 19.11.59.

sprouted 6.67 8.33 7.50 7.92 7.58 7.75

57 days i.e.
on 13.12.59

sprouted 6 .67 7.75 7.21 7.42 6.92 7.17

85 days i.e.
on 12.1.60.

sprouted 6.92 8.75 7.83 6.50 8.17 7.33

113 days i.e.
on 9.2.60.

sprouted 8.58 9.25 8.91 8.25 8.73 8.50

141 days i.e.
on 8.3.60.

sprouted 9.33 8.92 9.12 7.42 7.83 7.62

Mean. 7.63 8.60 7.30 7.85

S.E. of Variety x Treatment with T.C.N .B.
and no T.C.N.B. _+0.21

S.E. of Variety x Time of sprouting ±0.33

S.I.E. of Variety x Time of sprouting x
Treatment with T.C.N.B. and no T.C.N.B. +0.48.



APPENDIX 8

EPPECT OP VARYING PERIODS OP LOW TEMPERATURE (40°F)
STORAGE AND OF T.C .N.B. TREATMENT ON THE NUMBER OP

SPROUTS PER EYE AT THE END OP THE SPROUTING PERIOD

(17th APRIL)

(ANALYSIS OF VARIANCE)

Factor * o o„ m o o Variancea.f SftOQ^» M»S»Sc3_« R&tio

1. Variety

2. Treatment

(a) Treatment 1 vs
Treatments 2-12

(b) Treatment 12 vs
Treatments 2-11

(c) T.G.N.B. vs 40°F (No
T.0.N.B.)

(d) Time of sprouting from
T.C.N.B. and 40°F (No
T.G.N.B.)

(e) Time of sprouting x
Treatment with T.C.N.B.
and 40°F (No T.C.N.B.)

3. Treatment x Variety

(a) Treatment 1 vs
Treatments 2-12

(b) Treatment 12 vs
Treatments 2-11

(c) T.C.N.B. vs 40°F (No
T.C.N.B.)

(d) Time of sprouting from
T.C.N.B. and 40°F (No

'

T.G.N.B.)
(e) Time of sprouting x

Treatment with T.G.N.B.
and i+0°P (No T.C.N.B.)

Error

Total

1 0.720 0.720 6.79

11 23.627 2.11+7 20.25 xx

1 4.925 4.925 46.46 **

1 0.927 0.927 8.74

1 3.083 3.083 29.08 **

4 12.515 3-128 29.51 xx

4 2.177 0.544 5.13 **

11 8.215 0.746 7-04 **

1 0.458 0.458 4.32 *

1 2.428 2.428 22.91 xx

1 2.687 2.687 25.35 **

4 1.504 0.376 3-55 xx

U 1.138 0.284 2.68 *

264 28.026 0.106

287 60.588

** Significant at * Significant at 5%



APPENDIX 9

SPROUTS PER EYE AT THE END OP

THE SPROUTING PERIOD

No
Period of Storage Before

Sprouting in Light T.G.N.B.
T.C.N.B.
i.e.
1+0op

Mean

1. 31 days i.e.
19.11.59

sprouted on
1.26 1.32 1.29

2. 57 days i.e.
15.12.59

sprouted on
1.57 1.31+ 1.1+5

3. 85 days i.e.
12.1.60

sprouted on
1.72 1.55 1.61+

i+. 113 days i.e.
9.2.60

sprouted on
1.85 1.61 1.73

5- 11+1 days i.e.
8.3.60

sprouted on
2.22 1.68 1.95

Mean 1.72 1.50

1. S.E. of Treatment with T.O.N.B. and no T.G.N.B. ±0.029-

2. S.E. of Time of Sprouting +0.01+6.

3. S.E. of Time of Sprouting x Treatment with T.C.N.B.
and no T.G.N.B. + 0.06.



APPENDIX10

EFFECTOPVARYINGPERIODSOFLOWTEMPERATUREANDT.C.N.B.STORAGE ONTHELENGTHOFSPROUTS
Date of Sprouting

ArranPilot

Majestic

Tr. No.

StoragePeriodfrom 19thOctoberand StorageTreatment

1-10 mm.

11-20 mm.

Over 20 mm.

Total

1-10 mm.

11-20 mm.

Over 20 mm.

Total

1.

Sproutedthroughoutin light

22.10.59

5.25

0.25

1.42

6.92

I

7.92

1.00

0.08

9.00

2.

31dayswithT.C.N.B.
19.11.59

6.17

0.42

1.66

8.25

9.00

1.25

0.00

10.25

3.

31daysat40°F

W

■

6.83

1.83

1.92

10.58

9.00

1.25

0.08

10.33

4.

57dayswithT.C.N.B.
15.12.59

9.26

0.67

1.82

11.75

9.00

1.42

0.17

10.58

5.

57daysat40°F

it

7.41

2.67

1.00

11.08

6.42

2.17

0.08

8.67

6.

85dayswithT.C.N.B.
a

■

ro

•

a

•

O

9.17

3.08

1.08

13.33

8.16

1.42

0.0

9.58

7.

85daysat40°F

tr

.

9.08

2.92

0.67

12.75

12.75

1.08

0.0

13.83

8.

113dayswithT.C.N.B.
9.2.60

14.17

3.25

0.08

17.50

13.67

0.08

0.0

13.75

9.

113daysat40°F

;

11

10.34

4.08

0.25

14.67

13.42

0.58

0.0

14.00

10.

141dayswithT.C.N.B.
8.3.60

20.67

3.00

0.50

24.17

13.20

0.30

0.0

13.50

11.

141daysat40°F

11

10.50

3.75

0.50

14.75

12.83

0.25

0.0

13.08

12.

141dayswithoutT.C.N.B. andthendesproutedand sproutedinlight

8.3.60

6.59

2.83

0.83

10.25

10.84

0.33

0.0

11.17



APPENDXX11

LENGTHOFLONGESTSPROUTANDTHEIRRATEOFGROWTHDURINGSPROUTINGINLIGHT
1

ArranPilot

StoragePeriodfromDate,,cn_0.„.Cr,
Tr«19thOctoberandof19.11.5915.12.5912.1.60 No.StorageTreatmentSproutinĝ23 L.L.S.N.L.L.R.I.L.L.S.N.L.L.R.I.L.L.S.N.L.L.R.I.

1.Sproutedthroughoutin light

22.10.59

2.500.91633.27
9.67

2.26905.20
18.75

2.9312
2.37

2.

31dayswithT.G.N.B.
19.11.59

000
6.17

1.81977.00
15.00

2.7081
3.17

3.

31daysat1+0°P

If

000
10.00

2.30268.86
16.92

2.8285
1.88

4.

57dayswithT.O.N.B.
15.12.59

1.25

0.2231-

9.42

2.2428
7.21

3.

57daysat40°P

If

1.17

0.1570-
10.67

2.3676
7.90

6.

85dayswithT.G.N.B.
12.1.60

1.14

0.1310

-

7.

85daysat40°F

If

1.63

0.4886

-

8.

113dayswithT.G.N.B.
9.2.60

9.

113daysat40°F

it

10.

141dayswithT.G.N.B.
8.3.60

11.

141daysat40°F

ii

12.

141dayswithoutT.G.N.B. andthendesproutedand sproutedinlight
8.3.60

N.B.1_
=Lengthof

longestsproutin
mm.

2=NapierianLogarithmoflength. 3=RelativeIncrement%perday.



r.•.•-*>
1&•$*>' lie •?'£

ArranPilot

Majestic

Q

.2.60

8

.3.60

17.4.60

19.11.59

15.12.59

•

•

tr1

CQ

•

N.L.L.
R.I.

L.L.S.
N.L.L.
R.I.

L.L.S
.N.L.L.

R.I.

L.L.
S.N.L.L.
R.I.

L.L.S
.N.L.L.

R.I.

Vv"*-1-
7

[.M

24.42

3.1954

0.94

30.58

3.4203
0.80

37.25

3.6176
0.49

0

0

0

0

0

0

7

21.42

3.0643
1.27

24.58

3.2020
0.49

31.67

3.4554
0.63

0

0

0

0

0

0

3

22.58

3.1171
1.03

25.42

3.2356
0.42

35.50

3.5695
0.84

0

0

0

2.0

0.6931
2.66

1

22.83

3.1281
3.16

23.75

3.1676
0.14

29.83

3-3955
0.57

0

0

0

)

ij

14.92

2.7028
1.20

17.17

2.8431
0.50

26.00

3.2581
1.03

0

0

0

8.08

2.0894
6.99

16.25

2.7880
2.49

25.08

3.2220
1.08

10.17

2.3192
6.53

13.00

2.5650
0.87

21.42

3.0643
1.25

k<i

1.0

0.0000

-

8.58

2.1494

7.67

17.00

2.8332
1.71

1.42

0.3507

-

10.00

2.3026
6.97

19.83

2.9872
1.71

■

1.17

0.1570

-

19.91

2.9912
7.08

kHi

4.08

1.4061

-

19.83

2.9872
3.95

22.58

3.1171
7.79

[

*
.'v



Majestic

12.1.60

9

.2.60

8

.3.60

17.4.60

ML.L.S.
N.L.L.
R.I.

L.L.S.
N.L.L.
R.I.

L.L.S.
N.L.L.
R.I.

L.L.S.
N.L.L.
R.I.

1 .67

0.5128
1.83

7.50

2.0149
1.79

9.83

2.2854
O.96

16.83

2.8232
1.34

2.44

0.8920
3.18

7.83

2.0580
4.16

9.25

2.2246
0.59

15.00

2.7081
1.21

7.92

2.0694
4.91

9.50

2.2513
0.64

10.58

2.3590
0.38

17.33

2.8524
1.76

1.13

0.1222
0.43

8.42

2.1306
7.17

10.00

2.3026
0.61

17.83

2.8809
1.44

5.17

1.6429
5.87

8.08

2.0894
1.59

9.17

2.2159
0.45

16.33

2.7930
1.44

0

0

0

3.17

1.1537
4.12

7.58

2.0255
3.11

12.92

2.5588
1.28

0

0

0

7.17

1.9699
7.03

7.50

2.0149
0.12

13.25

2.5839
1.42

0

0

0

3.50

1.2528
4.47

8.50

2.1401
2.21

0

0

0

4.00

1.3863
4.95

10.17

2.3182
2.42

i

0

0

0

9.33

2.2332
5.58

I

1.0

0.0000

-

9.33

2.2332
5.58

VisibleSprout
9.83

2.2854
5.71



EFFECTOFVARYINGPERIODSOPLOWTEMPERATURE(UO°F)STORAGEAM)OFT.O.N.B. TREATMENTONTHEPERCENTAGEOFPLANTEMERGENCEATDIFFERENTDATESAFTERPLANTING
/

Percentageofplantemergenceat
differentdates
afterplanting

Tr. No.

StoragePeriodfrom 19thOctoberand StorageTreatment

Date of Sprouting
I 1

|

Arran

Pilot

Majestic

15 Days

19 Days

22 Days

26 Days

29 Days

33 Days

15 Days

19 Days

22 Days

26 Days

29 Days

1.

Sproutedthroughoutin light

22.10.59

25.00

1+1.66

83.33

100.0

0

58.33

100.0

2.

31dayswithT.C.N.B.
19.11.59

33.33

75.00

100.0

—

-

-

33.33

66.67

100.0

-

-

3.

31daysat1+0°F

t»

33.33

58.33

91.67

91.67

91.67

100.0

16.67

91.67

100.0

-

-

1+.

57dayswithT.G.N.B.
15.12.59
1+1.66

66.67

75.00

100.0

-

-

16.67

75.00

83-33

100.0

-

5.

57daysat1+0°F

tt

8.33

91.67

100.0

-

-

-

33.33

100.0

-

-

-

6.

85dayswithT.C.N.B.
12.1.60

25.0

58.33

91.67

100.0

-

-

25.00

66.67

91.67

100.0

-

7.

85daysat1+0°F

«

'

1+1.66

100.00

-

-

-

-

8.33

83.33

100.00

-

-

8.

113dayswithT.C.N.B.
9.2.60

16.66

75.00

91.67

100.0

-

-

8.33

50.00

91.67

100.0

-

9.

113daysat1+0°F

If

1+1.66

58.33

75.00

91.67

100.0

-

0

66.67

91.67

100.0

-

10.

1l+1dayswithT.C.N.B.
8.3.60

8.33

25.00

75.00

83.33

100.0

-

0

50.00

75.00

100.0

-

11.

1l+1daysat1+0°F

tf

8.33

25.00

75.00

91.67

100.0

-

8.33

50.00

83.33

100.0

-

12.

1l+1dayswithoutT.C.N.B. andthendesproutedand sproutedinlight

8.3.60

8.33

66.67

91.67

91.67

100.0

-

0

25.00

83.33

91.67

100.0



APPENDIX 15

EFFECT OF VARYING PERIODS OP LOW TEMPERATURE (40°F)
STORAGE AND OF T.O.N.B. TREATMENT ON THE

"GERMINATION RATE INDEX" "
(ANALYSIS OF VARIANCE)

Factor d.f S.Sq. M.S.Sq.
Variance
Ratio

1. Replication 3 0.0737 0.0245 4.15

2. Variety 1 0.0000 0.0000 -

Error 'a' 3 0.0177 0.0059

3- Treatment 11 0.3W 0.0285 2.52 K

(a) Treatment 1 vs
Treatments 2-12 1 0.0052 0.0052 -

(b) Treatment 12 vs
Treatments 2-11 1 0.014-07 0.0407 3.60

(c) T.C.N.B. vs 1+0°F (No
T.C.N.B.) 1 0.0099 0.0099 -

(d) Time of sprouting from
T.C.N.B. and 1+OOF (No
T.C.N.B.) 4 0.2323 0.0580 5.13 3£3E

(e) Time of sprouting x
Treatment with T.C.N.B.
and 40°F (No T.CN.B.) 4 0.0263 0.0065 —

4. Treatment x Variety 11 0.0726 0.0066 -

(a) Treatment 1 vs
Treatments 2-12 1 0.0003 0.0003 -

(h) Treatment 12 vs
Treatments 2-11 1 0.0203 0.0203 3.07

(c) T.C.N.B. vs 40°F (No
T.C.N.B.) 1 0.0025 0.0025 -

(d) Time of sprouting from
T.C.N.B. and 40°F (No
T.C.N.B.) 4 0.0287 0.0072 1.09

(e) Time of sprouting x
Treatment with T.G.N.B.
and 40°F (No T.C.N.B.) 4 0.0208 0.0052 —

Error 'b' 66 0.7U66 0.0133

Total 95 1.2250

** Significant at * Significant at 5$



APPENDIX 14

"GERMINATION RATE INDEX" FOR CONTINUOUS AND

DELAYED SPROUTING TREATMENTS

Storage Treatment Arran Pilot Majestic Mean

Sprouted throughout in
light (Tr. 1) 0.750 0.764 0.757

Delayed Sprouting
(Tr. 2-12) 0.784 0.783 0.783

Difference i
• o - .019 - .026

+0.057 ±0.040

APPENDIX i£

"GERMINATION RATE INDEX" FOR DESPROUTING AND

FOR DELAYED SPROUTING TREATMENTS

Storage Treatment Arran Pilot Majestic Mean

Desprouted at the time
of sprouting in light
on 8.3.60 (Tr. 12) 0.764 0.667 0.715

Sprouted in light at
intervals of four weeks
from 19.11•59 to 8.3*60
withoht desprouting
(Tr. 2-11) 0.786 0.794 0.790

Difference - .022 -O.I27 -0.075

+0.060 +0.042



APPENDIX 16

"GERMINATION RATE INDEX" FOR TUBERS STORED AT UO°F
AND WITH T.O.N.B. FOR VARYING PERIODS BEFORE SPROUTING

Period of Storage Before
Sprouting in Light

With
T.O.N.B.

At l+0°P
i.e.
No

T.O.N.B.

Mean

1. 31 days i.e. sprouted on
19-11.59 0.840 0.812 0.826

2. 57 days i.e. sprouted on
15-12.59 0.798 0.861 0.830

3- 85 days i.e. sprouted on
12.1.60 0.799 0.861 0.830

4- 113 days i.e. sprouted on
9-2.60 0.778 0.771 0.774

5- 141 days i.e. sprouted on
8.3-60 0.680 0.701 0.691

Mean 0.779 0.801

1. S.E. of Treatment with T.O.N.B. and no T.O.N.B. ± 0.018.

2. S.E. of Time of Sprouting ± 0.028.

3. S.E. of Time of Sprouting x Treatment with or without
T.O.N.B. ± 0.040.



APPENDIX 17

VARIETAL DIFFERENCES IN "GERMINATION RATE INDEX"

Period of
Arran Pilot Majestic

storage Before
sprouting in

light With
T.C.N.B.

At 40°F
i.e.
no

T.C.N.B.
Mean

With
T.C.N.B.

At 40°F
i.e.
no

T.C.N.B.
Mean

1. 51 days i.e.
sprouted on
19.11.59

0.847 O.778 0.812 0.833 0.847 0.840

2. 57 days i.e.
sprouted on
15.12.59

0.805 0.833 0.819 0.791 0.889 0.840

3. 85 days i.e.
sprouted on
12.1.60

0.792 0.903 0.847 0.805 0.819 0.812

4. 113 days i.e.
sprouted on
9.2.60

0.806 O.778 0.792 0.750 O.764 0.757

5. 141 days i.e.
sprouted on
8.3.60

0.653 0.667 0.660 0.708 0.736 0.722

Mean 0.781 0.792 0.777 0.811

S.E. of Variety x Treatment with or without T.C.N.B. +0.025
S.E. of Variety x Time of sprouting +0,04
S.E, of Variety x Time of sprouting x Treatment with or without

T.C.N.B. +0.057



EXPERIMENT 2 - APPENDIX 18 to 27



appendix 18

effect of varying periods of low temperature (40°f)
and of t.c.n.b. treatment on the number op sprouts
per tuber at the end of sprouting- peri cd in darkness

(23rd april)

(analysis of variance)

Factor
_ Variance

d.f S.Sg,. M.S.Sq,. Ratio

1. Variety

2. Treatment

(a) Treatment 1 vs
Treatments 2-12

(b) Treatment 12 vs
Treatments 2-11

(c) T.G.N.B. vs 40°F (No
T.G.N.B.)

(d) Time of sprouting from
T.G.N.B. and 40PF (No
T.C.N.B.)

(e) Time of sprouting x
Treatment with T.G.N.B.
and 40°F (No T.O.N.B.)

3. Treatment x Variety

(a) Treatment 1 vs
Treatments 2-12

("b) Treatment 12 vs
Treatments 2-11

(c) T.O.N.B. vs 40°F (No
T.G.N.B.)

(d) Time of sprouting from
T.O.N.B. and 40°F (No
T.C.N.B.)

(e) Time of sprouting x
Treatment with T.O.N.B.
and 40°F (No T.O.n.B.)

Error

Total

1 924.500 924*50 56.13 **

11 2588.236 235.294 14.28 **

2 888.788 888.788 53.967s*

1 261.578 261.578 15.883**

1 585-937 585-937 35.578**

4 624.808 156.202 9 .484**

4 227.125 56 .781 3-447**

11 1367.917 124.356 7.55 **

1 580.410 580.410 35.242s*

1 341.135 341.135 20.714**

1 92.503 92.503 5.617 *

4 189.059 47.265 2.87 *

4 164.808

264 4348.000

287 9228.653

41.202 2.502 *

16.469

** Significant at 1$ * Significant at 5$



APPENDIX 19

EFFECT OF VARYING PERIODS OF LOW TEMPERATURE (40°F)
STORAGE AND OF T.C.N.B. TREATMENT ON THE NUMBER OF

SPROUTED EYES PER TUBER AT THE END OF SPROUTING

PERIOD IN DARKNESS (25rd APRIL)

(ANALYSIS OF VARIANCE)

Factor d.f S.Sq. M.S.Sq.
Variance
Ratio

1. Variety 1 17-014 17.014 6.78 **

2. Treatment 11 163.986 14.907 5.94 **

(a) Treatment 1 vs

Treatments 2-12 1 131.728 131.728 52.48 3535
Ob) Treatment 12 vs

Treatments 2-11 1 0.238 0.238 -

(c) T.C.N.B. vs 40°F (No
T.C.N.B.) 1 2.60I+ 2.604 1.04

(a) Time of sprouting from
T.C.N.B. and 40°F (No

(e)
T.C.N.B.) 4 17.083 4.270 1.70
Time of sprouting x
Treatment with T.C.N.B.
and 40°F (No T.C.N.B.) 4 12.333 3.083 1.22

3. Treatment x Variety 11 140.653 12.786 5.09 **

(a) Treatment 1 vs

24.57 **Treatments 2-12 1 61.668 61.668
Ob) Treatment 12 vs

Treatments 2-11 1 3-863 3.863 1.54
(c) T.C.N.B. vs 40°F (No

4. 66 3436T.C.N.B.) 1 11.705 11.705
(a) Time of sprouting from

T.C.N.B. and 40°F (No
T.C.N.B.) 4 18.101 4.525 1.80

(e) Time of sprouting x
Treatment with T.C.N.B.

4.51 **and 40OF (No T.C.N.B.) 4 45.316 11.329

Error 2 64 662.667 2.510

Total 287 984.320

3635 Significant at 1$



APPENDIX 20

NUMBER OP SPROUTED EYES PER TUBER AT THE END OP
THE SPROUTING PERIOD IN DARKNESS FOR CONTINUOUS

AND DELAYED SPROUTING TREATMENTS

Storage Treatment Arran Pilot Majestic Mean

Sprouted throughout in
darkness (Tr. 1) 4.17 6.75 5.46

Delayed sprouting
(Tr. 2-12) 8.28 7-52 7.90

Difference -4.11

±0.47

-0.77 -2.44

±0.33



APPENDIX 21

EFFECT OF VARYING PERIODS OF LOW TEMPERATURE (1+Q°F)
STORAGE AND OF T.O.N.B. TREATMENT ON THE NUMBER OF
SPROUTS PER EYE AT THE END OF SPROUTING PERIOD IN

DARKNESS (23rd APRIL)

(ANALYSIS OF VARIANCE)

Factor a.f S.Sq. r a q„ Variancel-s-s<l- Ratio

1. Variety 1 7.286 7.286 62.27 XX

2. Treatment 11 23.969 2.179 18.62 XX

(a) Treatment 1 vs
XXTreatments 2-12 1 3.1+57 3.1+57 29.55

(to) Treatment 12 vs

Treatments 2-11 1 1+.230 1+.230 36.15 XX

(o) T.C.N.B. vs 1+0°F (No
XXT.C.N.B.) 1 7.31+9 7.31+9 63.81

(a) Time of sprouting from
T.C.N.B. ana 1+0°F (No

XX

(e)
T.C.N.B.) 1+ 5.357 1.339 11.1+1+
Time of sprouting x
Treatment with T.G.N.B.

XXana 1+0°F (No T.C.N.B.) 1+ 3.576 0.894 7.61+

3. Treatment x Variety 11 12.931 1.175 10.01+ XX

(a) Treatment 1 vs

3.682 XXTreatments 2-12 1 3.682 31.1+7
(to) Treatment 12 vs

XXTreatments 2-11 1 3.1+09 3.1+09 29.05
(c) T.C.N.B. vs l+0°F (No

3.216 XXT.C.N.B.) 1 3-216 28.34
(a) Time of sprouting from

T.C.N.B. ana 1+0°F (No
1.96T.C.N.B.) 1+ 0.917 0.229

(e) Time of sprouting x
Treatment with T.C.N.B.

3.65 XX
ana l+0°F (No T.C.N.B.) 1+ 1.707 0.1+27

Error 264 31.036 0.117

Total 287 75.222

Significant at
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APPENDIX 22

EFFECT OP VARYING PERIODS OF LOW TEMPERATURE (40°P)
STORAGE AND OF T.O.N.B. TREATMENT ON SPROUT WEIGHT
AS PERCENTAGE OF FINAL WEIGHT OF POTATO AT THE END

OP THE SPROUTING PERIOD IN DARKNESS (25rd APRIL)

(ANALYSIS OP VARIANCE)

Factor d.f S.Sq,. M.S.Sq.
Variance
Ratio

1. Variety 1 23i|67.889 23467.889 473-51 XX

2. Treatment 11 39611.483 3601.043 72.66 XX

(a) Treatment 1 vs

Treatments 2-12 1 3294.193 3294.193 66.47 XX

0>) Treatment 12 vs

Treatments 2-11 1 3227.132 3227.152 65.11 XX

(c) T.O.N.B. vs 40°F (No
XX

(a)
T.G.N.B.) 1 555.135 555.135 11.20
Time of sprouting from
T.G.N.B. and 40°F (No

(e)
T.O.N.B.) 4 31360.078 7840.019 158.19 XX

Time of sprouting x
Treatment with T.O.N.B.
and 1+Oop (No T.G.N.B.) 4 1174.924 293.731 5-93 XX

3. Treatment x Variety 11 6538.305 594.391 11.99 XX

(a) Treatment 1 vs
XXTreatments 2-12 1 1495-450 1495.450 30.17

0>) Treatment 12 vs

Treatments 2-11 1 120.608 120.608 2.43
(c) T.G.N.B. vs 40°F (No

T.O.N.B. 1 186.006 186.006 3.75
(a) Time of sprouting from

T.O.N.B. and 40°F (No

(e)
T.O.N.B.) 4 4669.932 1167-483 23.56 XX

Time of sprouting x
Treatment with T.O.N.B.
and hO°f (No T.O.N.B.) 4 66.309 16.577 —

Error 26b 13084.271 49.561

Total 287 82701.948

xx Significant at 1$



APPENDIX25

EFFECTOFVARYING-PERIODSOFSPROUTINGINDARKNESSANDDESPROUTINGATTHETIMEOFPLANTINGONTHEPERCENTAGEOFPLANTEMERGENCEATDIFFERENTDATESAFTERPLANTING
Percentageofplantemergenceat

differentdatesafterplanting

Tr. No.

StoragePeriodfrom 19thOctoberand StnraerflTr»««fcmflrvt.
Date of Sprouting

Arran

Pilot

■

Majestic

15 Days

19 Days

22 Days

26 Days

29 Days

33 Days

36 Days

43 Days

15 Days

19 Days

22 Days

26 Days

29 Days

33 Days

36 Days

1.

Sproutedthroughoutin darkness

22.10.59

0

0

8.33

41.67

66.67

66.67

66.67

75.00

0

0

33.33

100.00

2.

31

days

withT.C.N.B.
19.11.59

o

0

0

8.33

33.33

50.00

50.00

58.33

0

0

25.00

66.67

91.67

100.00

3.

31

days

at40°F

it

0

0

8.33

25.00

41.67

41.67

50.00

58.33

0

0

8.33

58.33

75.00

91.67

100.00

4.

57

days

withT.C.N.B.
15.12.59

0

16.67

25.00

66.67

75.00

91.67

91.67

91.67

0

0

66.67

91.67

100.00

5.

57

days

at40°F

»

0

0

0

8.33

25.00

41.67

41.67

58.33

0

0

8.33

58.33

100.00

6.

85

days

withT.C.N.B.
12.1.60

0

8.33

50.00

83-33

100.00

16.67

16.67

91.67

100.00

7.

85

days

at1+0°F

it

0

0

16.67

66.67

91.67

100.00

0

0

25.00

83.33

100.00

8.

113

days

withT.C.N.B.
9.2.60

8.33

33.33

83.33

100.00

0

8.33

75.00

83.33

100.00

9.

113

days

at1+0°F

it

0

8.33

16.67

75.00

91.67

100.00

0

0

25.00

91.67

100.00

10.

141

days

withT.C.N.B.
8.3.60

16.67

33.33

75.00

83.33

91.67

100.00

8.33

8.33

75.00

91.67

100.0

11.

141

days

at1+0°F

it

0

8.33

25.00

91.67

100.00

0

8.3

66.67

83.33

100.0

12.

141days andthen sprouted
withoutT.C.N.B. desproutedand

indarkness

8.3.60

0

16.67

33.33

66.67

100.0

8.33

16.67

58.33

91.67

100.0

1
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APPENDIX 2i£
EFFECT OP VARYING PERIODS OF SPROUTING IN DARKNESS

AFTER STORAGE AT 40°F AND OF T.O.N.B. TREATMENT. AND
DESPROUTING AT THE TIME OF PLANTING ON THE

"GERMINATION RATS INDEX"

(ANALYSIS OF VARIANCE)

factor d.f s.sg. E.S.Sq.

1. Replication 3 0.0036 0.0012 -

2. Variety 1 0.0952 0.0952 14.209 x

Error 'a' 3 0.0203 0.0067
3. Treatment 11 0.5578 0.0507 4-970 xx

(a) Treatment 1 vs
Treatments 2-12 1 0.0164 0.0164 1.608

(b) Treatment 12 vs
Treatments 2-11 1 0.0147 0.0147 1.441

(c) T.C.N.B. vs 40°F (No
T.C.N.B.) 1 0.1371 0.1371 13.441 xx

(d) Time of sprouting from
T.C.N.B. and 40°F (No
T.C.N.B.) 4 0.3354 0.0838 8.220 xx

(e) Time of sprouting x
Treatment with T.C.N.B.
and 40°F (No T.C.N.B.) 4 0.0542 0.0135 1.328

4. Treatment x Variety 11 0.1090 0.0099 -

(a) Treatment 1 vs
Treatments 2-12 1 0.0159 0.0159 1.559

(b) Treatment 12 vs
Treatments 2-11 1 0.0000 0.000 -

(c) T.C.N.B. vs 40°F (No
T.C.N.B.) 1 0.0017 0.0017 -

(d) Time of sprouting from
T.C.N.B. and 1+OOF (No
T.C.N.B.) 4 0.0546 0.0136 1.333

(e) Time of sprouting x
Treatment with T.C.N.B.
and 40°F (No T.C.N.B.) 4 0.0368 0.0092 —

Error 'b' 66 0.6781 0.0102

Total 95 1.4640

Significant at 1$ x Significant at 5%



APPENDIX 25

"GERMINATION RATE INDEX" FOR CONTINUOUS AND
DELAYED SPROUTING TREATMENTS

Storage Treatment Arran Pilot Majestic Mean

Sprouted throughout in
darkness (Tr. 1) 0.556 0.704 0.630

Delayed Sprouting
(Tr. 2-12) 0.650 0.705 0.677

Difference -0.094 -0.001 -0.047

+0.030 +0.021

APPENDIX 26

"GERMINATION RATE INDEX" FOR DESPROUTING BEFORE

SPROUTING IN THE DARKNESS AND FOR DELAYED SPROUTING
TREATMENTS WITHOUT DESPROUTING

Storage Treatment Arran Pilot Majestic Mean

Desprouted before
sprouting in darkness
(Tr. 12) 0.686 0.750 0.718

Sprouted in darkness at
intervals of four weeks
from 19»11»59 to 8.3-60
without desprouting
(Tr. 2-11) 0.646 0.700 0.673

Difference +0.040 +0.050 +0.045

+0.030 +0.021



APPENDIX 27

"GERMINATION RATE INDEX" OF ARRAN PILOT MP MAJESTIC
STORED FOR DIFFERENT PERIOD WITH OR WITHOUT T.C.N .B.
BEFORE SPROUTING IN THE DARKNESS AND DESPROUTED AT

THE TIME OF PLANTING.

Arran Pilot Majestic

With At 40°F. Mean With At 40°F. Mean
T.C.N.B. i.e. T.C.N.B. i.e.

no no

T.C.N.B. T.C.N.B.

31 days i.e.
19.11.59.

Sprouted on
0.500 0.556 0.528 0.649 0.593 0.621

57 days i.e.
15.12.59.

Sprouted on
0.662 0.454 0.558 0.732 0.630 0.681

85 days i.e.
12.1.60.

Sprouted on
0.713 0.639 0.676 0.806 0.676 0.741

113 days i.e.
9.2.60.

Sprouted on
0.806 0.658 0.732 0.741 0.686 0.713

141 days i.e.
8.3.60.

Sprouted on
0.778 0.695 0.736 0.760 0.732 0.746

Mean • 0.691 0.600 0.738 0.665

S.E. of Variety x Treatment with or without
T.C.N.B. + 0.0225.

S.E. of Variety x Time of sprouting + 0.0557.
S.E. of Variety x Time of sprouting x Treatment
with or without T.C I.B. + 0.0504.

Period of storage "before
sprouting in darkness



EXPERIMENT 5 - APPENDIX 28 to 37



APPENDIX 28

EFFECT OF DESPROUTING AFTER VARYING PERIODS OF STORAGE
ON THE NUMBER OF SPROUTS PER TUBER IN AREAN PILOT MP
MAJESTIC AT THE END OF THE SPROUTING PERIOD IN LIGHT

AND DARKNESS (24th April)

Storage treatment commencing
from 22 October.

Arran Pilot Majestic

Light Darkness Mean Light Darkness Mean

Sprouted throughout in .... 6.33 7.67 7.00 9.92 6.92 8.42

Apical eyes removed and sprouted 8>25 ^ 5>?g n 8>42 1Q
throughout in ....

Sprouted in darkness for 123 days
and then desprouted and resprouted 12.67 11.58 12.12 11.33 9.58 10.45
in ....

Sprouted in darkness for 137 days
and then desprouted and resprouted 13.83 13.00 13.41 12.50 9.83 11.16
in ....

Mean. 10.27 8.89 9.58 11.35 8.69 10.08

S.E. of Variety +- 0.106

S.E. of Variety X Time of desprouting ♦ 0.67
S.E. of Variety X Light and Darkness t 0.15

S.E. of Variety X Time of desprouting x Light and Darkness - 0.92

(Analysis of Variance see Appendix 29)



APPENDIX 29

EFFECT OP DESPROUTING- AFTER VARYING- PERIODS OF

STORAGE ON THE NUMBER OF SPROUTS PER TUBER

(ANALYSIS OF VARIANCE)

Factor d.f S.Sq,. M.S.Sq,.
Variance
Ratio

1. Variety 1 12.00 12.00 1.10

2. Treatment 7 1082.00 15^.571 14.21 **

(a) Light vs Darkness 1 208.333 208.333 19.16

(b) Time of desprouting 3 803.500 267.833 2i+.63

(c) Time of desprouting x
Light and Darkness 3 70.167 23.389 2.150

3« Treatment x Variety 7 392.500 56.071 5.15

(a) Light vs Darkness 1 24.O8I4 2^.084 2.21

(b) Time of desprouting 3 313*667 10U-556 9.61

(c) Time of desprouting x
Light and Darkness 3 54.7^-9 18.250 1.68

Error 176 19H4.. 167 10.875

Total 191 S4-00.667

K9E Significant at \%



APPENDIX 30

EFFECT OF DESPROUTING AFTER VARYING PERIODS OF STORAGE ON THE NUMBER OF

SPROUTED EYES PER TUBER IN ARRAN PILOT AND MAJESTIC AT THE END OF THE

SPROUTING PERIOD IN LIGHT AND DARKNESS (24TH APRIL)

Arran Pilot Majestic

Treatment
Light

Dark¬
ness

Mean Light
Dark¬
ness

Mean

Sprouted throughout in 5.67 6.17 5.92 7.50 5.58 6.54

Apical eyes removed and
sprouted throughout in 6.83 3.17 5.00 7.50 5.67 6.58

Sprouted in darkness for
123 days and then desprouted
and resprouted in

8.50 8.17 8.33 7.17 6.33 6.75

Sprouted in darkness for 137
days and then desprouted
and resprouted in

8.33 8.42 8.37 7.58 6.67 7.12

Mean 7.33 6.48 6.90 7.43 6.06 6.75

S.E. of Variety + 0.196
S.E. of Variety x Time of desprouting +0.39
S.E. of Variety x Light and darkness + 0.278
S.E. of Variety x Time of desprouting x Light and darkness +0.559



appendix 51

effect of desprouting- after varying periods of

storage on the number of sprouted eyes per tuber

(analysis of variance)

Factor d.f S.Sq,. M.S.Sq,.
Variance
Ratio

1. Varie ty 1 1.172 1.172

2. Treatment 7 236.954 33.850 9-12 **

(a) Light vs Darkness 1 59*631 59-631 10.06

(b) Time of desprouting 3 134.016 44.672 12.03 X3£

(c) Time of desprouting x
Light and Darkness 3 43-307 14.436 3-89 sx

3- Treatment x Variety 7 113.786 16.255 4-38

(a) Light vs Darkness 1 3-255 3*255

(b) Time of desprouting 3 82.433 27*478 7«40 K3€

(c) Time of desprouting x
Light and Darkness 3 28.098 9.366 2.52

Error 176 653-417 3-712

Total 191 1005.329

Significant at 1$



APPEEDIX 32

EFFECT OF DESPROUTIHG AFTER VARYING PERIODS OF STORAGE ON THE NUMBER OF

SPROUTS PER EYE IE ARRAE PILOT AED MAJESTIC AT THE END OF THE SPROUTING

PERIOD IE LIGHT AED DARKEBSS (24TH APRIL)

Storage Treatment Commencing
from 22nd October

Arran Pilot Majestic

Light
Dark¬
ness

Mean Light
Dark¬
ness Mean

Sprouted throughout in 1.15 1.21 1.18 1.29 1.20 1.24

Apical eyes removed and
sprouted throughout in

1.26 1.06 1.16 1.55 1.48 1.51

Sprouted in darkness for
123 days and then desprouted
and resprouted in

1.48 1.45 1.46 1.63 1.53 1.58

Sprouted in darkness for 137
days and then desprouted
and resprouted in

1.67 1.56 1.61 1.68 1.30 1.59

Mean 1.39 1.32 1.35 1.53 1.43

S.E. of Variety +0.03
S.E. of Variety x Time of desprouting +0.06
S.E. of Variety x Light and darkness +0.04
S.E. of Variety x Time of desprouting x Light and darkness +0.08



APPENDIX 53

EFFECT OP DESPROUTING ON THE NUMBER OP SPROUTS PER EYE

(ANALYSIS OF VARIANCE)

Factor d.f S.Sq. M.S.Sq.
Variance
Ratio

1. Variety 1 0.761 0.761 8.75 **

2. Treatment 7 4.999 0.714 8.21

(a) Light vs Darkness 1 0.377 0.377 4.33 *

(b) Time of desprouting 3 4.490 1.477 16.98 x*

(c) Time of desprouting x
Light and Darkness 3 0.132 0.044 0.50

3. Treatment x Variety 7 1.103 0.157 1.80

(a) Light vs Darkness 1 0.018 0.018 -

(b) Time of desprouting 3 0.940 0.313 1.99

(c) Time of desprouting x
Light and Darkness 3 0.145 0.048 -

Error 176 15.326 0.087

Total 191 22.189

X3E
Significant at K Significant at 5%



APPENDXX5U

EFFECTOFDESPROUTINGAFTERVARYINGPERIODSOFSTORAGEAMDRESPROUTINGIN LIGHTANDDARKNESSONPERCENTAGEOFPLANTEMERGENCEATDIFFERENTDATES AFTERPLANTING

Percentageofplantemergence
atdifferentdatesafterplanting

Tr. No.

StorageTreatment from22ndOctober

ArranPilot

12151922 DaysDaysDaysDays
2629 DaysDays
333640 DaysDaysDays

Majestic

12151922-2629 DaysDaysDaysDaysDaysDays
333640 DaysDaysDays

1.Sproutedthroughoutinlight 2.Sproutedthroughoutindarkness 3.Apicaleyesremovedandsprouted throughoutinlight
4.Apicaleyesremovedandsprouted throughoutindarkness

5.Sproutedindarknessfor123days andthendesproutedand resproutedinlight
6.Sproutedindarknessfor123days andthendesproutedand resproutedindarkness

7.Sproutedindarknessfor137days andthendesproutedand resproutedinlight
8.Sproutedindarknessfor137days andthendesproutedand resproutedindarkness

9.Sproutedthroughoutthestorage periodindarknessand desproutedbeforeplanting
25.0050.0066.6783.33100.0 08.3325.0058.3383.3391.67100.00 8.3358.3383.3391.6791.6791.67100.00 016.6750.0058.3383.3391.6791.6791.67100.00 25.0033.3341.6766.6783.3391.67100.00 025.0091.6791.6791.6791.67100.00 8.3316.6733.3341.6783.33100.00 25.0075.0083.3391.6791.67100.00

050.0083.33100.00 025.0025.0066.6791.6791.67100.00 041.6791.67100.00 8.3341.6775.0091.6791.6791.6791.6791.67100.00 08.3375.0091.67100.00 016.6741.6766.6791.67100.00 025.0091.67100.00 8.3350.0050.00100.00
16.6741.6741.6750.0075.00

r

0

0

8.3358.33100.00
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APPBNDIX 35

EFFECT OF DESPROUTING ON THE "GERHIRATI OH RATE INDEX"

.

f

"Germination Rate
*

"Storage treatment commencing from 22 October. Index"
1\' 0 •

Arran
Pilot Majestic Mean

1. Sprouted throughout in Light 0.806 0.815

i

0.81.0

2. " " " Darkness 0.630 0.667 0.648

3. Apical eyes removed and sprouted throughout in Light 0.806 0.815 0.810

4. M t! J! 51

Darkness

it ii it

0.648 0.760 0.704
♦

5. Sprouted in darkness for 123
and resprouted in Light

days and then desprouted 0.713 0.750

*
a

0.731

6. Sprouted in darkness for 123
and resprouted in Darkness

days and then desprouted 0.769 0.686 0.727

7. Sprouted in darkness for 137
and resprouted in Light

days and then desprouted 0.648 0.797 0.722

8. Sprouted in darkness for 137
and resprouted in Darkness

days and then desprouted 0.852 0.824 0.838

9. Sprouted throughout in darkness and desprouted at the
time of planting

0.342 0.519
t

0.430

Mean. 0.690 0.737
i4

i
S.E. of Variety + 0.013

S.E. of Treatment + 0.037

S.E. of Treatment x Variety ±0.053



APPENDIX 56

EFFECT OF DSSPROUTING ON THE "GERMINATION RATE INDEX"

(ANALYSIS OF VARIANCE)

Factor d.f S.Sq. M.S.Sq.
Variance
Ratio

1. Replication 3 0.0226 0.0075 1.21

2. Variety 1 0.0387 0.0387 6.24

Error 'a' 3 0.0188 0.0062

3. Treatment 8 0.9550 0.1193 10.46

(a) Planting with sprouts
vs without sprouts

(b) Light vs Darkness
(c) Time of desprouting
(d) Time of desprouting x

Light and Darkness

1
1
3

3

0.7223
0.0247
0.0289

0.1791

0.7223
0.0247
O.OO96

0.0597

63.36
2.17

5.24 **

4. Treatment x Variety 8 0.1134 0.0141 1.24

(a) Planting with sprouts
vs without sprouts

(b) Light vs Darkness
(c) Time of desprouting
(d) Time of desprouting x

Light and Darkness

1
1
3

3

0.0379
O.OO69
0.0188

0.0498

0.0379
0.0069
0.0063

0.0166

3.32

1.46

Error 'b' 48 0.5484 0.0114

Total 71 1.6969

Significant at \%



APPENDIX 37

EFFECT OF DESPROUTINQ AFTER VARYING PERIODS OF STORAGE AND RESPROUTING IN

LIGHT AND DARKNESS ON THE "GERMINATION RATE INDEX" OF ARRAN PILOT AND MAJESTIC

Storage treatment
Arran Pilot Majestic

commencing from
22nd October Light

Dark¬
ness

Mean Light
Dark¬
ness

Mean

Mean

Sprouted throughout in 0.806 0.630 0.718 0,815 0.667 0.741 0.729

Apical eyes removed and
sprouted throughout in

0.806 0.648 0.727 0.815 0.760 0.787 0.757

Sprouted in darkness for
123 days and then
desprouted and resprouted
in

0.713 0.769 0.741 0.750 0.686 0.718 O.724

Sprouted in darkness for
137 days and then
desprouted and
resprouted in

O.648 0.852 0.750 0.797 0.824 0.810

■

O.78O

Mean 0.743 0.725 0.794 0.744
t.

S.E. of Time of desprouting +0.0267
S.E. of Variety x Time of desprouting +0.0377
S.E. of Variety x Light and darkness +0.0267
S.E, of Variety x Time of desprouting x Light and darkness +0,053
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APPENDIX 38

MEAN MONTHLY TEMPERATURES OP THE HIGH AND MEDIUM TEMPERATURE STORAGE

ROOMS AND OF THE FARM BUILDING (LOW TEMPERATURE)

High Medium Low

Month.
Minimum Maximum Minimum Maximum Minimum Maximum
°F °F °F °F F °F

November 67.0 71.4 57.6 60.7 42.0 45.2

December 65.0 72.0 52.4 59.4 38.5 41.5

January- 69.7 75.0 50.0 57.1 35.7 40.7

February 67.0 76.5 50.5 57.2 37.7 43-3

March 70.4 77.3 52.7 58.5 44.0 49.6

April 74.0 80.0 55.7 59.3 43.8 49.7



appendTX 59

TNTTTAL FRERH WETCrHT (GM OF TUBERS: AND THE FRESH WEIGHT OF TUBER AMD
THE TIMES OF DESPROUTING

SPRQUTSAT

Arran Pilot I
i.j,

■ t

L1

Storage Treatment Initial
wt. (gm.)

of
tuber

Wt. (gm.) of
tuber at tbe
time of
desprout

Wt. (gm.)
of sprout
at tbe time
of desprout

Stored at 65°-80°P without T.C.N.B.

Stored at 50°-60°F without T.G.N.B.

9209.0 5718.0 81+26.0 5211.0

9109.0 5966.0 8328.0 5347.0

Stored at 1+0°P without T.C.N.B. 9107 .0 5822.0 8892.0 5663.0

Stored at 65°-80°F with T.G.N.B. 8334.0 5440.0 7654-0 4934.0

Stored at 50°—60*^P with T.G.N.B. 8887.0 5673.0 8354-0 5255.0

96.5

55.1

Stored at 40°F with T.G.N.B 9633.0 5886.0 9409.0 5783.0

di
d2
d3

Desprouted on 4-1.61
Desprouted on 20.2.61
Desprouted at the time of planting

51 = Large Seed
52 = Small Seed

d3
• 1 '*>"}• *:.?•>!

Initial
wt. (gm.)

of
tuber

Wt. (gm.) of
tuber at the
time of
desprout

Wt. (gm.)
of sprout
at the time
of desprout

Initial
wt. (gm.)

of
tuber

Wt. (gm.) of Wt. (gm.) J Inittuber at the of sprout
time of at the time jdesprout of desprout |

S2 S1 '1 s2 s1 S2

126.5 94.9 9400.0 5786.0 7068.0 4321.0
SWW'

254.9 184.2 9300.0 5948.0 7168.0 4457.0

949,7 618.8 9214.0 5829.0 4714.0 2842.0 1374.6 1067.8

SN
1017.9 685.0 8712.0 5274.0 4698.0 2734.0 1885.8 1176.8

9210.0 6092.0 8781.0 5818.0 9152.0 5790.0 8516.0 5449.0 5-85 5 .QO

m-

! wt. (
of
tub

Si

9906.0

mSr'

m

9206.0 i
•ft

9584.0 i

53.6 9472.0 5621.0 7226.0 4247.0 627.9 295.5 9575.0 5352.0 4851.0 2541.0 1283.7 727.6 j 10183.0
35.0 T 8907.0 5926.0 7310.0 4891.0 327.8 175.5 8683.0 5429.0 6142.0 3672.0 545.3 328.0

r~

9,135.0 6018.0 8836.O 5761.0 9328.0 5873.0 8845.0 5566.0

9393.0

9760.0 f

' -i



d3 if '? Hi
V*

tial
(gm.)
f
bar

Wt. (gm.) of
tuber at the
time of
desprout

Wt. (gm.)
of sprout
at the time
of desprout v*>.

if
• •

$"
I Majestic

l1

>-,v

Ml

'M

Initial
wt. (gm.)

of
tuber

Wt. (gm.) of
tuber at the
time of
desprout

Wt. (gm.)
of sprout
at the time
of desprout

Initial
wt. (gm.)

of
tuber

Wt. (gm.) of
tuber at the
time of
desprout

Wt. (gm.)
of sprout
at the time
of desprout 44

'V,
Majestic

S'
At

VtofV .

Initial
wt. (gm.)

of
tuber

Wt. (gm.) of
tuber at the
time of
desprout

Wt. (gm.)
of sprout
at the time
of desprout

S1 s2 . b

5829.0 4714.0 2842.0 1374.6 1067.8
wSjp.w'

5274.0 4698.0 2734.0 1885.8 1176.8

5790.0 8516.0 5449.0 5-85 5.00
r*&\

°1
if

s. s. So *£. : - s.,
i fsi 1ksv'*.:

s.

w
■ ■

9906.O 6267.O 9267.0 5855.0 33.0 22.83 9518.0 6488.0 8O67.O 5403.0 292.0 228.3^ * 9125.0 6250.0 6556.0 4444.0 537.8 359.9
,»•

9206.0 6347.0 8622.0 5965.0 11 .20 10.2 | 9755.0 5993.0 8641.0 5245.0 278.5 149-9 ■9989.0 6797.0 7595.0 5048.0 897.0 701.5

9584.0 6161.0 9305.0 5990.0 9905.0 6467.0 9460.0 6187.O 9565.0 6340.0 8918.0 5925.0

%
5352.0 4851.0 2541.0 1283.7 727.6 10183.0 6919.0 9538.0 6477.0 20.60 1 6.3 9556.0 6331.0 8237.0 5554.0 157.2 89.0 1 9355.0 6430.0 7072.0 4867.0 2990.0 219.0

5429.0 6142.0 3672.0 545.3 328.0

5873.0 8845.0 5566.0

9393.0 6417.0 8905.0 6063.0

9760.0 6133.0 9455.0 5905.0

9636.0 6414.0 8892.0 5870.0

9532.0 6303.0 9166.0 6055.0

9710.0 6396.0 8550.0 5687.0 27.50 2.5

4»
9208.0 6870.0 8663.O 6483.0



APPENDIX 40

MBTEREOLOGICAL OBSERVATIONS 1961

Month.

Temperature °P Rainfall (inches)
Sunshine
Hours

Minimum Maximum
Difference
from

Average

Total
Inches

Difference
from

Average

April 39.4 51.0 +2.4 2.36 +0.57 83.9

May- 41.6 55.7 +1.3 1.22 -I.30 152.7

June 46.4 60.1 +0.7 1.16 -0.99 125.9

July 48.3 61.2 -1.6 3.07 +0.07 125.6

August 48.6 62.2 +0.1 4.10 +0.52 147.1

September 48.1 61.8 +2.8 2.48 -1.08 105.1



APPBIMDIXU1

EFFECTOFDIFFERENTSTORAGETREATMENTSONTHESHRINKAGEOFSE3DTUBERSAT THBTIMESOFDESPROUTING-
ArranPilot d1

Loss

inwt.

Loss (gm.) Transi
£

Sesp]
inwt. dueto

Total

Mean

Loss

StorageTreatment(gm.)dueto
Sprout

)iration ind Lration

lossin wt.(gm.)

Loss
inwt. (gm.)

Lossinwt. (gm.)dueto Transpiration
Total loss in

(gm.
S;

S1

s2

S1

s2

S1

s2

dueto Sprout

and Respiration
wt. (gm.)

S1

Storedat65°-80°F withoutT.G.N.B.
126.5

94.9

656.5

412.1

783.0

507.0

110.7

534.3

645.0

949."
Storedat50°-60°F withoutT.C.N.B.

254.9

184.2

526.1

434.8

781.0

619.0

219.5

480.5

700.0

1017.s
Storedat40°F withoutT.G.N.B.

—

—

315.0

159.0

315.0

159.0

-

237.0

237.0

-

Storedat65°-80°F withT.G.N.B.

96.5

53.6

583.5

452.4

680.0

506.0

75.0

518.0

593.0

627.«
Storedat50°-60°F withT.G.N.B.

55.1

35.0

477.9

383.0

533.0

418.0

45.0

430.5

475.5

327.

£
Storedat40°F withT.G.N.B.

-

-

224.0

103.0

224.0

103.0

-

163.5

163.5

-

Mean

88.8

61.3

463.8

324.0

552.6

385.3487.2
di= d2= d3=

Desprouted Desprouted
on4«1.61 20.2.61

atthetimeofplanting
Si s2

=Large =Small
Seed Seed

>
,-V

'-••••*"

a



FSESDTUBERSAT

ArranPilot

£.4

Mean

jossLossinwt.Total iwt.(gm.)duetoloss 501.)Transpirationin letoandwt.""""" proutRespiration(gm.)

Lossinwt.
Lossinwt.(gm.)duetoTotal(gm.)duetoTranspirationlossinSproutandwt.(gm.)Respiration

Mean

—

19.5 '5.0 5.0

480.5 237.0 518.0 430.5 163.5

argeSeed mallSeed

s1s2

LossLossinwt.Total
in wt.(gm.)duetoloss(gm.)Transpirationinduetoandwt.SproutRespiration(gm.)

I0.7534.3645.0L949.7618.81382.3846.22332.01465.0784.21114.3 700.0i1017.9685.01114.1806.02132.01491.0851.4 237.0

429.0274.0429.0274.0
593.0^627.9295.51618.11078.52246.01374.0461.7 475.5Hf327.8175.51269.2859.51597.01035.0251.6 163.5

\m

299.0257.0299.0257.0
W7.2295.81018.6686.91505.8982.7

s.;

960.1 351.5 1348.3 1064.4 278.0

1898.5 1811.5
S

351.5 1810.0 1316.0 278.0



Arrari Pilot

d3

Loss in wt.
(gm.) due to

Sprout

Loss in wt.
(gm.) due to
Transpiration

and
Respiration

S1 s2 s1 s2

Total
loss in
wt. (gm.)

S1 S2

Mean

Loss Loss in wt. Total
in wt. (gm.) due to loss
(gm.) Transpiration in
due to and wt.
Sprout Respiration (gm.)

1374.6 1067,8 3125.4 1919.2 4500.0 2987.0 1221.2

1885.8 1176.8 2128.2 1363.2 4014.0 2540.0 1531-3

2522.3 3743.5

1745.7 3277.0

5.85 5.00 630.15 336.0 636.O 341.0 5.42

1283.7 727.6 3440.3 2083.4 4724.0 2811.0 1005.6

545.3 328.0 1995.7 1429.0 2541.0 1757.0 436.6

483.0 307.0 483.0 307.0

483.08 488.5

2761.9

1712.4

395.0

3767.5

2149.0

395.0

849.2 550.9 1967.1 1239.6 2816.3 1790.5



I
1

Majestic
m§* d1

Loss in wt.
Loss
(gnu)

in wt.
due to Total

Mean

l'
(gnu) due to

Sprout
Transpiration

and
Respiration

loss in
wt. (gm.) Loss

in wt.
(gnu)

Loss in wt.
(gnu) due to
Transpiration

Total
loss
in

) S-| S2 81 s2 Si s2
due to
Sprout

and
Respiration

wt.
(gm.)

.5 33.0 22.83 606.0 389.17 639.0 412.0 27.91 497.59 525.5

.0 11.20 10.2 572.8 371.8 584.0 382.0 10.70 472.3 483.0

.5 - 279.0 171.0 279.0 171.0 - 225.0 225.0

.5 20.60 16.3 624.4 425.7 645.0 442.0 18.4 525.1 543.5

.0 488.0 354.0 488.0 354.0 - 421.0 421.0

.0 305.0 228.0 305.0 228.0 - 266.5 266.5

- 10.8 8.2
1 t

479.2 323.3 490.0 331.5

r
I



Majestic

d2

Loss in wt.
Loss in wt. (gm.) due to
(gm.) due to Transpiration

Sprout and
Respiration

Mean
Total
loss in
wt. (gm.)

S1 s2 81 s2 Si s2

Loss
in wt.
(®Q.)
due to
Sprout

Loss in wt.
(gm.) due to
Transpiration

and
Respiration

Total
loss
in
wt.
(gm.)

292.0 228.3 1159.0 856.7 1451.0 1085.0 260.1

278.5 149.9 835.5 598.1 1114.0 748.0 214.2

445.0 280.0 445.0 280.0

157.2 89.O 1161.8 688.0 1319.0 777.0 123.1

744.0 544.0 744.0 544.0

366.0 248.0 366.0 248.0

1007.9

716.8

362.5

924.9

644.0

307.0

1268.0 5:

* - - * j " •

931.0 8S

362.5

1048.0

644.0

307.0

2S

121.3 77.9 785.2 535.8 906.5 613.7 2S



Majestic

d3

Loss in wt.
Loss in wt.
(gm.) due to Total

Mean

1
(gm.) due to

Sprout
Transpiration

and
Respiration

loss in
wt. (gm.) Loss

in wt.
(gm.)

Loss in wt.
(gm.) due to
Transpiration

Total
loss
in

) S1 s2 S1 s2 S1 s2
due to
Sprout

and
Respiration

wt.
(gm.)

.0 537.8 359.9 2031.2 1I|i+6.1 2569.0 1806.0 448.8 1738.7 2187.5
*

y" " i
.0 897.0 701.5 1497.0 1047-5 2394.0 1749.0 799.2 1272.3 2071.5

.5 - - 647.0 415.0 647.0 415.0 - 531.0 531.0

.0 299.0 219.0 1984.0 1344.0 2283.0 1563.0 259.0 1664.0 1923.0

.0 27.50 2.5 1132.5 706.5 1160.0 709.0 15.0 919.5 934.5

.0 - - 545.0 387.0 545.0 387.0 - 466.0 466.0

293.5 213.8 1306.1 891.0 1599.6 1104.8

a



/\T»tJTm\n-»-r-)rZj-g

EFFECTOFDIFFERENTSTORAGETREATMENTSONTHESHRINKAGEOFSEEDTUBERSATTHE TIMESOFDESPROUTING
ArranPilot di

Loss

inwt.

Lossinwt. (%)dueto

Total

Mean

StorageTreatment
(%)dueto Sprout

Transpiration and Respiration
loss wt.

in

[%)

Loss
inwt. (SO

Lossinwt. (%)dueto Transpiration
Total loss in

Si

S2

S1

S2

Si

S2

dueto Sprout

and Respiration
wt.
«>

Storedat65°-80°F withoutT.G.N.B.

1.37

1.66

7.13

7.21

8.50

8.87

1.51

7.17

8.68

Storedat50°-60°F withoutT.C.N.B.

2.80

3.09

5.77

7.28

8.57

10.37

2.94

6.53

9.47

Storedat40°F withoutT.C.N.B.

—

—

2.36

2.73

2.36

2.73

—

2.54

2.54

Storedat65°-80°F withT.C.N.B.

1.16

0.98

7.00

8.32

8.16

9.30

1.07

7.66

8.73

Storedat50°-60°F withT.C.N.B.

0.62

0.62

5.38

6.75

6.0

7.37

0.62

6.06

6.68

Storedat40°F withT.C.N.B.

-

-

2.32

1.75

2.32

1.75

-

2.03

2.03

Mean

0.99

1.06

4.99

5.67

5.98

6.73

&1=Desproutedon4.1.61S-]=LargeSeed d2=""20.2.61S2=SmallSeed dj=Desproutedatthetimeofplanting.



ArranPilot *2

Mean

Loss

inwt.

Lossin (%)due
wt. to

Total

Mean

Loss
inwt. (#)

Lossinwt. {%)dueto Transpiration
Total loss in

(%)dueto Sprout

Transpiration and Respiration

loss wt.

in

(#)

Loss
inwt. (%)

Lossinwt. {%)dueto Transpiration
Total loss in

dueto Sprout

and Respiration
wt. (*)

S1

s2

s1

s2

81

s2

dueto Sprout

and Respiration
wt. (/0)

1.51

7.17

8.68

10.10

10.69

14.71

14.63

24.81

25.32

10.39

14.67

25.06

2.94

6.53

9.47

10.94

11.51

11.98

13.56

22.92
.25.07

11.22

12.77

23.99

-

2.54

2.54

-

-

4»66

4.50

4.66

4.50

-

4.58

4.58

1.07

7.66

8.73

6.63

5.26

17.08

19.18

23.71

24.44

5.94

18.13

24.07

0.62

6.06

6.68

3«68

2.96

14.25

14.50

17.93

17.46

3.32

14.37

17.69

-

2.03

2.03

"

-

3.27

4.27

3.27

4.27

-

3.77

3.77

5.22

5.07

10.99

11.77

16.21

16.84

jeSeed
.1Seed

■1
*

I



Arran Pilot

*3

Loss in wt.
Loss in wt.
(%) due to Total

Mean

{,%) due to
Sprout

Transpiration
and

Respiration

loss
wt.

in
{.%) Loss

in wt.
«)

Loss in wt.
{%) due to

Transpiration

Total
loss
in

s1 s2 Si S2 Si S2
due to
Sprout

and
Respiration

wt.
{%)

14.92 18.32 33.92 32.92 48.84 51.24 16.62 33.42 50.04

- 21.65 22.31 24.42 25.85 46.07 48.16 21.98 25.13 47.11

0.06 0.08 6.86 5.81 6.92 5.89 0.07 6.33 6.40

13.41 13.59 35.93 38.93 49.34 52.52 13.50 37.43 50.93

6.28 6.04 22.98 26.32 29.26 32.36 6.16 24.65 30.81

- - 5.18 5.23 5.18 5.23 - 5.20 5.20

9.39 10.06 21.55 22.51 30.93 32.57



Majestic

*1Wf. d1

ft Loss in wt.
Loss
(#)

in wt.
due to Total

Mean

Total
loss

m in

{%) due to
Sprout

Transpiration
and

Respiration

loss
wt.

in
{%) Loss

in wt.
«>

Loss in wt.
(%) due to
Transpiration

Total
loss

.

in

wt.
00 Q

1 s2 S1 s2 81 s2
due to
Sprout

and
Respiration

wt.
<#>

it'
-is,

50.04
&»»

0.33 0.36 6.12 6.21 6.45 6.57 0.34 6.17 6.51

w
47.11

*#
. f>

6.40

0.12 0.16 6.22 5.86 6.34 6.02 0.14 6.04 6.18

,e$|gi

- 2.91 2.77 2.91 2.77 - 2.84 2.84

,v*f/
50.93

r£«

0.20 0.23 6.13 6.16 6.33 6.39 0.21 6.15 6.36

iCf-

30.81 ■M
*

^ -

- 5.20 5.52 5.20 5.52 - 5.36 5.36

5.20 "" - 3.12 3.72 3.12 3.72 - 3.42 3.42

■ -vl 0.11 0.12 4.95 5.04 5.06 5.16



Majestic

d2

Loss in wt.
Loss in
(%) due

wt.
to Total

Mean

'

Loss

{%) due to
Sprout

Transpiration
and

Respiration

loss
wt. (

in
%) Loss

in wt.
(fo)

Loss in wt.
(%) due to
Transpiration

Total
loss
in

(%)
S

S1 S2 S1 s2 Si s2
due to
Sprout

and
Respiration

wt.
{%) S1

3.07 3.52 12.17 13.20 15.24 16.72 3.29 12.69
jn

15.98 5.89

2.85 2.50 8.57 9.98 11.42 12.48 2.67 9.28 11.95 8.98

- - k,k9 4.33 4.49 4.33 - 4.41 4.41 IS -

1.62+ 1.40 12.16 10.87 13.80 12.27 1.52 11.51 13.03
t

3.2C

- 7.72 8.48 7.72 8.48 - 8.10
f'%

8.10
: ; '* <?

0.28

- - 3.84 3.93 3.84 3.93 - 3.88 3.88 -

1.26 1.24 8.16 8.46 9.42 9.70
■ ■

,

3.06

i .

%
■s - •'

%■- ; I
■j,.



Majes tic

*3

Loss in wt.
Loss
(56)

in wt.
due to Total

Mean

otal
OSS

in

(%) due to
Sprout

Transpiration
and

Raspirati on

loss
wt. i

in
:%) Loss

in wt.
{%)

Loss in wt.
(%) due to
Transpirati 011

Total
loss
in

iisrt.
(#> S1 s2 S1 s2 81 s2

due to
Sprout

and
Respiration

wt.
(*)

5.98 5.89 5.76 22.26 23.14 28.15 28.90 5.82 22.70 28.52

1.95 8.98 10.32 14.99 15.41 23.97 25.73 9.65 15.20 24.85

+.4l| - - 6.76 6.54 6.76 6.54 - 6.65 6.65

5.03 3.20 3.40 21.20 20.91 24.40 24.31 3.30 21.05 24.35

8.10 0.28 0.04 11.67 11.04 11.95 11.08 0.16 11.35 11.51

3.88 - - 5.92 5.63 5.92 5.63 - 5.70 5.70

3.06 3.25 13.80 13.78 16.86 17.03

i* \ i
i i
% .-ji - -



APPENDIXU3

effectofdifferentstoragetreatmentsonthesubsequent GROWTHOFSPROUTS*
ArranPilot

Majestic

Storage Treatment

S-jS2MeanS-jS2MeanS2MeanS2Mean
Storedat65°-80°Fwithout t.c.n.b.81.8549.7565.8015.4513.9014.6726.7015.5021.208.305.06.65

Storedat50°-60°Fwithout t.c.n.b. Storedat40°Fwithout t.c.n.b.

52.7536.0544.40 23.4022.9023.15

Storedat65°-80°Fwith t.c.n.b.45.5046.2545.87
16.3511.1013.7211.2010.1010.6519.06.8012.90 j!I|I'? 11.959.6310.799.104.907.05.253.904.57 II1

2.158.155.1523.2021.2022.207.106.706.90
Storedat50°-60OFwith t.c.n.b.60.7036.8048.7516.6213.6015.117.3010.308.800.902.301.60 lfI!■*0

Storedat40°Fwith t.c.n.b.29.027.8528.4212.2010.3511.277.204.405.806.304.605.45 Mean

48.8736.60

12.4511.12

14.1211.07

7.814.88

u

d-j=Desproutedon4.1.61 d2=Desproutedon20.2.61
S-]=Largeseed S2=Smallseed

X

xTotalwt.(gm.)ofsproutof5tuberattheendof thesproutingperiod(11thApril)inlight.



APP35JMPXXUU

NUMBEROFSPROUTSPERTUBERATTHEENDOFTHESPROUTINGPERIOD(11thAPRIL)
ArranPilot

SizeGroupinmm.

Date of Desprouting

StorageTreatment

LargeSeed

SmallSeed

1-10

11-30

31-60

61- Over

Total no.of Sprout1-10
11-30

31-60

61- Over

Total no.of Sprout

Stored
at

65°-80°FwithoutT.G.N.B-
5.5

1.1

0.6

4-3

11.5

1+.6

0.7

0.1

3.5

8.9

it

it

50°-60°F""
6.6

0.9

0.1

3.0

10.6

5.3

0.8

0.3

2.1+

8.8

tt

tt

1+0°F""
7.1+

1.1

1.1

1.1

10.7

8.2

0.3

0.6

1.6

10.7

Stored
at

65°-80°FwithT.O.N.B.
6.6

1.3

0.2

1+.6

12.7

4.8

0.7

0.1

1+.1

9.7

t!

tf

50°-60°F""
5.1+

1.6

0.7

5.0

12.7

5.8

1.1

0.1+

3-4

10.7

II

ti

1+0°F""
9.2

0.8

0.7

2.0

12.7

10.1

0.9

0.3

1.2

12.5

/d1(i.e.First Desprouting on

4»1.61 d2

(i.e.Second Desprouting on 20.2.61

"50°-60F
II

^cO_QriOT40°F

"50°-60°F" "1+0°F"

4.2

2.3

0.3

16.4

6.0

2.8

2.4

0.2

11.4

6.4

0.5

0.2

16.4

5.5

4.8

0.5

-

10.8

3.7

1.1

-

16.1

5.7

3.1

0.5

0.1

9.4

3.3

0.3

-

9.0

6.2

3.4

0.7

-

10.3

3.7

1.3

0.4

10.1

4.0

1.7

1.8

0.4

7.9

4.3

0.9

-

18.5

12.7

2.6

0.4

-

15.7

Majestic
SizeGroupinmm.

LargeSeedSmallSeed
1-10

11-30

31-60

61- Over

Total no.of Sprout
1-10

11-30

31-60

61- Over

Total no.of Sprout

3.0

1.3

1.5

-

5.8

2.5

0.8

1.9

-

5.2

3.3

1.7

0.4

-

5.4

3.7

1.0

0.6

-

5.3

8.8

1.5

0.5

-

10.8

6.0

1.5

-

-

7.5

3.4

2.0

2.1

0.5

8.0

3.2

2.2

1.3

0.7

7.4

0.3

1.2

0.1

-

1.6

1.5

0.4

0.4

-

2.3

7.4

2.1

-

-

9.5

5.7

1.3

0.1

-

7-1

3.2

3.0

0.5

-

6.7

2.8

2.8

0.2

-

5.8

2.3

2.3

1.7

0.1

6.4

2.9

3.3

0.1

-

6.3

11.6

3.0

-

-

14.6

9.4

1.9

-

-

11.3

6.2

3.1

-

-

9.3

4.9

3.1

0.5

0.1

8.6

0.2

0.3

~

-

0.5

1.3

0.2

-

-

1.5

10.2

2.7

-

-

12.9

7.9

2.1

-

-

10.0



APPENDIX45

NUMBERSOFSPROUTSPERTUBERATTHEENDOFTHESPROUTINGPERIOD(11THAPRIL) ArranPilot

Majestic

StorageTreatment

d1

d2

d1

d2

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean

LargeSmall SeedSeed
Mean

Large Seed

Small Seed

Mean

Storedat65°-80°F withoutT.C.N.B.
11.5

8.9

10.2

16.A

11.A

13.9

5.8

5.2

5.5

6.7

5.8

6.2

Storedat50°-60°F withoutT.C.N.B,
10.6

8.8

9.7

16.A

10.8

13.6

5-4

5.3

5-3

6.A

6.3

6.3

StoredatAO°F withoutT.C.N.B,
10.7

10.7

10.7

16.1

9.A

12.7

10,8

7.5

9.1

1A.6

11.3

12.9

Storedat65°-80°F withT.C.N.B.

12,7

9.7

11.2

9.0

10.3

9.6

8.0

7.4

7.7

9.3

8.6

8.9

Storedat-60°F withT.C.N.B,

12,7

10.7

11.7

10.1

7.9

9.0

1.6

2.3

1.9

0.50

1.5

1.0

StoredatA0°F withT.C.N.B.

12.7

12,5

12.6

18.5

15.7

17.1

9.5

7.1

8.3

12.9

10.0

11.A

Mean

11.8

10.2

11.0

1A.A

10.9

12.6

6.8

5.8

6.3

8.A

7.2

7.8

d^=desproutedonA.1.61. d=̂desproutedon20.2.61.



APPENDIX46

NUMBERSOFSPROUTEDEYESPESTUBERATTHEENDOFTHESPROUTINGPERIOD(11THAPRIL) Arran

Pilot

Majestic

Storagetreatment

d1

d2

d1

d2

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean

Storedat65°F-80°P withoutT.C.N.B.

8.3

7.6

7.9&

10.0

8.2

9.1

4.9

4.7

4.8

5.0

5.4

5.2

Storedat50°F-60°F withoutT.C.N.B.

7.9

6.9

7.40

9.6

7.5

8.5

4.5

4.4

4.4

4.1

4.9

4.5

Storedat40°Fwithout T.C.N.B.

8.9

7.4

8.10

10.1

7.8

8.9

7.4

5.7

6.5

8.6

7.8

8.2

Storedat65°F-80°F withT.C.N.B.

7.2

6.5

6.80

5.7

6.7

6.2

5.4

5.7

5.5

5.5

4.5

5.0

Storedat50°F-60°F withT.C.N.B.

7.7

6.1

6.90

5.3

5.8

5.5

1.2

1.5

1.3

0.5

0.5

0.5

Storedat40°Fwith T.C.N.B.

8.3

7.9

8.10

10.2

9.6

9.9

7.5

6.2

6.8

8.0

7.6

7.8

Mean

8.0

7.1

7.5

8.5

7.6

8.0

5.1

4.7

4.9

5-3

5.1

5.2

cl

1«Desproutedon4»1•61
d2 aDesproutedon20.2.61



APPBHDIX47

EFFECTOFPREVIOUSSTORAGETREATMENTSONNUMBERSOFEYESHAVINGONEORMORE SPROUTSATTHEENDOFTHESPROUTINGPERIOD(11thAPRIL) ArranPilot

Numberofeyespertuberhavingoneormoresprouts
StorageTreatment

LargeSeed

SmallSeed

d1

d2

d2

12345123451234512345
Storedat65°-80°F withoutT.C.N.B. Storedat50°-60°F withoutT.C.N.B. Storedat40F withoutT.C.N.B. Storedat65°-80°F withT.C.N.B. Storedat50°-60°F withT.C.N.B. Storedat40°Fwith T.C.N.B.

6.01.40.9--5.62.71.40.3-6.60.80.10.1-5.62.00.6- 5.71.70.5--5.22.31.80.3-5.70.60.50.1-4.82.20.40.1- 7.70.70.40.1-5.82.71.50.1-5.40.90.80.3-6.51.00.3-- 3.72.01.10.30.13.51.30.70.2-4.11.60.8--4.31.50.60-3- 4.81.31.10.5-2.31.90.60.5-3.11.61.20.2-4.41.1-0.3- 5.71.11.10.4-5.22.32.10.6-4.91.41.6--5.71.91.5OJ* d-j=Desproutedon4.1.61 d2=Desproutedon20.2.61



SJ.M.UJunXVIVw/XVLU L

A

•'*>'.j

Majestic

loresprouts SmallSeed

jjggi

LargeSeed

SmallSeed

d2

di

d2

d-jd2

45

12345
12345
12345
1234512345

0.1-

5.62.00.6—
4.30.40.10.1-
3.90.60.40.1-

4.20.5---5.00.4-

0.1-

4.82.20.40.1-
3.70.70.1--
Ip

2.41.10.6-
3.60.70.1--3.80.80.3-

0.3-

6.51.00.3--
V*

5.11.50.60.2-
i'•

5.11.61.30.6-
4.50.80.20.2-5.41.40.90.1-

--
:

4.31.50.60-3-
SsP-

3.51.20.7--
3.21.30.60.30.1

4.50.80.30.1-1.81.60.80.3-

0.2-

4.41.1-0.3-
0.80.4-__
0.5----

0.80.60.1--0.2-0.1-0.2

-

5.71.91.50.4-
6.10.80.6--

]

5.21.11.20.5-
5.50.50.2--5.81.20.6-

_-L—

■»



APPENDIXh8
FINALPLANTSTAND

Storage Treatment

FinalStandof
ArranPilot

d1

d2

d3

S-fS2Mean
S-]S2Mean
S-|S2Mean

Storedat65°-80°Fwithout T.O.N.B.

j

100100100
82.592.587.5
57.555.056.25

Storedat50°-60°Fwithout T.O.N.B.

100100100
100.0100.0100.0

i

1+7.51+7.51+7.5

Storedat1+0°Fwithout T.O.N.B.

100100100
100.0100.0100.0
100.0100.0100.0

Storedat65°-80°Fwith T.O.N.B.

100100100
97.595.096.25
7.55.06.25

!

Storedat50°-60°Fwith T.O.N.B.

100100100
100.087.593.75
27.537.532.50

Storedati4.0°Fwith T.O.N.B.

100100100
100.0100.0100.0

3

I

100.0100.0100.0!
!

S,= So=

Largeseed Smallseed

d,= d2= d,=

Desproutedon1+.1.61 Desproutedon20.2.61 Desproutedatthetimeofplanting.
Plant(%) 100.01 100.01 100.0

10C
100.0 27.5 100.010C



J&L

PinalStandof
Plant

(%)

rran

Pilot

Majestic

H

a2

d3

dl

d2

d3

s2

Mean

Si

s2

Mean

Si

s2

Mean

S1

s2

Mean

S1

s2

Mean

92.5

87.5

57.5

55.0

56.25

100.0

100.0

100.0

80.0

72.5

76.25

52.5

32.5

42.5

00.0

100.0

47.5

47.5

47.5

[

100.0

100.0

100.0

100.0

100.0

100.0

85.0

92.5

88.75

00.0

j

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

95.0

96.25

7.5

5.0

j

6.25

100.0

95.0

97.5

75.0

60.0

67.5

27.5

25.0

26.25

87.5

93.75

27.5

37.5

{

32.50

27.5

45.0

36.25

10.0

15.0

12.5

7.5

20.0

13.75

00.0

100.0

100.0

100.0

100.0I
100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

proutedon4.1.61 proutedon20.2.61 proutedatthetime
ofplanting.

L.



APPSMDXXU9

PERCENTAGEEMERGENCEOFPLANTSATDIFFERENTDATESAFTERPLANTING
ArranPilot

Date

Percentage
ofemergenceof

' planton
different

of Desprouting
Storage
Treatment

12

1b

18

21

25

28

S1

S2

Si

S2

Si

S2

Si

S2

SiS2

SiS2

Storedat without
65°-80°F T.C.N.B.

20.0

2.5

30.0

2.5

70.0

i±2.5

80.0

70.0

10087.5
10097.5

Storedat without
50°-60°F T.C.N.B.

5.0

7.5

5.01
2.5

52.5

35.0

75.0

57.5

97.592.5
10095.0

d1 Desproated
Storedat2+0°F withoutT.C.N.B.

22.5

2.5

22.5

2.5

57.5

37.5

65.0

55.0

90.087.5
97.597.5

Oil

2+.1.61

Storedat withT.<
65°-80°F 3.N.B.

10.0

5.0

10.0

5.0

70.0

52.5

75.0

57.5

10090.0
10097.5

Storedat withT.
50°-60°F C.N.B.

2.5

5.0

12.5

7.5

75.0

i+5.0

85.0

62.5

95.085.0
10090.0

Storedati|.0oF withT.G.N.B.

5.0

0

15.0

2.5

62.5

35.0

82.5

55.0

97.592.5
100100

Storedat65°-80°F withoutT.C.N.B.
0

2.5

0

2.5

17.5

20.0

27.5

42.5

52.5

80.0

62.5

87.

5

Storedat50°-60°F withoutT.C.N.B.
2.5

0

2.5

2.5

U5.0

30.0

65.0

U5.0

90.0

75.0

95.0

87.

5

Storedat1+0°F
d2

withoutT.C.N.B.
2.5

2.5

5.0

2.5

32.5

17.5

60.0

U5.0

95.0

92.5

100

100

Desprouted on

Storedat65°-80°F
20.2.61

withT.C.N.B.

0

0

0

0

15.0

22.5

30.0

50.0

67.5

87.5

85.0

92.

5

Storedat50°-60°F withT.C.N.B.

0

0

5.0

0

57.5

17.5

82.5

40.0

97.5

75.0

100

82.

5

Storedati+0°F withT.C.N.B.

2.5

2.5

7.5

2.5

27.5

30.0

62.5

U5.0

97.5

95.0

100

100

Storedat65°-80°F

$-.£■-/J
ji

withoutT.C.N.B.
0

0

0

0

0

0

0

0

0

2.5

0

5-

0

Storedat50°-60°F

■S

withoutT.C.N.B.
0

0

0

0

0

0

0

0

0

2.5

5.0

5.

0

d3

Storedati+0°F
Desprouted

withoutT.C.N.B.
0

0

0

0

0

0

0

0

0

0

7.5

10.

0

atthe

Storedat65°-80°F

x*jj

timeof planting

withT.C.N.B.

0

0

0

0

0

0

0

0

0

0

0

0

Storedat50°-60°F withT.C.N.B.

0

0

0

0

0

0

0

0

0

0

0

2.

5

StoredatU0°F withT.C.N.B.

0

0

0

0

0

0

0

0

0

12.5

5.0

12.
I

5

S-|=LargeSeed S2=SmallSeed



{

Majestic

daysafterplanting

Percentageofemergenceofplantondifferentdaysafterplanting
32

35

39

12.

14

18

21

25

28

32

s2s1S2S-]s2s1s2s1s2s1s2s1s2s1s2s1s2s1s2
!-

35

39

100100 10097.5100100 100100 10097.5100100 10097.5100100

5.007.52.562.530.070.047.592.577.597.595.0100100
S0S,S,
121

2.502.5040.030.060.040.080.070.092.592.5100100 2.507.5047.512.555.032.580.060.097.592.510095.010010Q
| «j 5.007.5062.535.080.040.095.067.597.585.097.590.0 000

05.012.512.520.015.030.022.530.022.532.5
10095.010095.0 22.532.522.537-5

7.5012.5045.027.560.030.085.062.510092.510097-5!10097.510Q100
70.092.572.592.582.592.500007.512.537.525.065.037.572.542.575.055.0 10092.510097.5100100000

000

92.595.095.095.097.595.0000 10085.010087.510087-5000
047.532.555.045.072.565.085.090.097.592.5 022.55.037.510.067.540.082.570.010090.0 05.0017.55.047.520.055.027.565.035.0 00005.0010.02.510.02.510.0 37.527.540.030.065.055.085.077.510090.0

75.057.580.060.0 10095.0100100 100100 65.052.575.055.0
I ■

2.512.52.512.5
;

7.510.015.022.547.542.500000000000012.52.5 25.022.537.525.060.042.50000002.5017.512.542.527.565.065.0 32.030.087.562.510010000000 5.005.007.55.000000 17.57.520.017.527.532.500000 37.540.080.075.010010000000
000002.5022.55.0 0000002.50 000000000

100100 30.012.537.527.5 67.575.085.087.5 67.535.0100100 7.5015.010.0 02.57.520.0

00000007.55.057.537.5100100



APPENDIX 50

GERMINATION RATE INDEX

i

(ANALYSIS OF VARIANCE)

Pactor d.f S.Sq. M.S.Sq.
Variance
Ratio

Total whole plot 7 0.784625
Replication 3 0.209167 0.069722 1.61
Variety (V) 1 0.445961 0.445961 10.33 **
Error 'a' 3 0.129497 0.043165

Total sub plot 47 12.694125
Whole plots 1 0.784625

886.52 **Date of desprouting (D) 2 11.193230 5.596615
Size of seed tuber (S) 1 0.151296 0.151296 23.96 **
Interactions: D x S 2 0.050791 0.025395 4.02 K

VxD 2 0.185101 0.092550 14-66 **
V x S 1 0.001845 0.001845 -

V x D x S 2 0.002224 0.001112 —

Error 'b' 30 0.189390 0.006313

Total half sub plot 287 15.190677
sub plots hi 12.694125
Treatment (T) 5 0.349615 0.069923 12.31 **
Interactions: T x V 5 0.375790 0.075158 13.23

T x D 10 0.338791 0.033879 5.96 **
T x S 5 0.033364 0.006673 1.17
T x V x D 10 0.259976 0.025998 4.58
T x V x S 5 0.117373 0.023475 4.13 **
T x D x S 10 0.035822 0.003582 -

T x V x D x S 10 0.098843 0.009884 1.74
Error 'c' 180 1.022601 0.005681

X3€ Significant at 1% X Significant at 5%
f

*



APPENDIX 51

GERMINATION RATE INDEX:

TREATMENT x SEED SIZE

Storage Treatment

Seed

Large

Size

Small

Mean

Stored at 65°-80°F without T.O.N.B. 0.500 0.454 0.477

ii it 50°-60°F " " 0.545 0.500 0.522

ii tt 40°F " " 0.513 0.442 0.478

Stored at 65°-80°P with T.O.N.B. 0.471 0.411 0.441

it n 50°-60°F " " 0.415 0.413 0.414

ii it 40 °F " " 0.519 0.466 0.492

Mean 0.494 0.448

S.E. of Seed size + 0.006

S.E. of Treatment + 0.011

S.E. of Treatment x Seed size + 0.015



APPENDIX52 GERMINATIONRATEINDEX:
TREATMENTxDATEOPDESPROUTINGxSEEDSIZE DateofDesprouting

Storage Treatment

d1

d2

a3

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean.

Large Seed

Small Seed

Mean

Storedat65°-80°F withoutT.O.N.B.
0.744

0.61+1

0.693

0.545

0.544

0.544

0.210

0.178

0.190

Storedat50°-60°F withoutT.O.N.B.
0.673

0.628

0.651

0.6i+6

0.583

0.614

0.315

0.290

0.302

Storedat40°F withoutT.O.N.B.
0.692

0.597

0.644

0.611+

0.540

0.577

0.233

0.190

0.212

Storedat65°-80°F withT.O.N.B.
0.725

0.631

0.678

0.523

0.519

0.521

0.166

0.083

0.125

Storedat50°-60°F withT.O.N.B.
0.685

0.628

0.656

0.1+12

0.450

0.431

0.149

0.161

0.155

Storedat40°F withT.G.N.B.
0.712

0.607

0.660

0.625

0.586

0.605

0.219

0.205

0.212

Mean

0.705

0.622

0.663

0.561

0.537

0.549

0.215

0.185

0.200

S.E.ofDateofdesprouting+0.008 S.E.ofDateofdesproutingxSeedsize(DxS)+0.011 S.E.ofTreatmentxDateofdesproutingxSeedsize+0.027S.E.ofTreatmentxDateofdesprouting+0-019



APPENDIX 55

GERMINATION RATE INDEX:
TREATMENT x VARIETY x SEED SIZE

Storage
Treatment

Arr<&n Pilot Majestic

Large
Seed

Small
Seed Mean Large

Seed
Small
Seed Mean

Mean

Stored at 65°-80°F
without T.O.N.B. 0.^85 0.491 0.488 0.515 0.418 o .466 0.477

Stored at 50o-60°F
without T.G.N.B. 0.546 0.499 0.523 0.548 0.501 0.522 0.522

Stored at 40°F
without T.O.N.B. 0.547 0.497 0.522 0.478 0.388 0.433 0.478

Stored at 65°-8Q°F
with T.G.N.B. 0.490 0.451 0.470 0.453 0.371 0.412 0.441

Stored at 50°-60°F
with T.G.N.B. 0.567 0.487 0.527 0.264 0.340 0.302 0.414

Stored at 40°F
with T.G.N.B. 0.549 0.514 0.531 0.489 0.418 0.453 0.492

Mean 0.531 0.490 0.510 0.457 0.406 0.431

S.E. of Variety + 0.017
S.E. of V x S + 0.009
S.E. of Treatment + 0.011
S.E. of T x V x S + 0.022
S.E. of T x V + 0.015



APPENDIX5A GERMINATIONRATEINDEX:
TREATMENTxVARIETYxDATEOFDESPROUTINGxSEEDSIZE Arran

Pilot

Majestic

Storage Treatment

d1

d

2

*3

-a,

a2

a

3

Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

LargeSmall SeedSeed
Large Seed

Small Seed

Storedat65°-80°F withoutT.G.N.B.
0.778

O.669

0.511+

0.611+

0.162

0.189

0.711

0.611+

0.5750.1+71+
0.258

0.166

Storedat50°-60°P withoutT.O.N.B.
0.705

0.66i+

0.672

0.589

0.261

0.21+5

0.61+1

0.592

0.6190.578
0.368

0.334

Storedat40°? withoutT.G.N.B.
0.728

0.61+7

0.661

0.619

0.252

0.225

0.655

0.51+7

O.5660.461
0.214

0.155

Storedat65°-80°P withT.G.N.B.
0.739

0.672

0.536

0.627

0.191+

0.055

0.711

0.590

0.5090.412
0.139

0.111

Storedat50°-60°F withT.G.N.B.
0.744

0.658

0.711+

0.601+

0.21+3

0.198

0.625

0.598

0.1110.296
0.555

0.125

Storedat1+0°? withT.G.N.B.
0.736

0.650

0.661+

O.638

0.21+7

0.252

0.689

0.56^

0.5860.533
0.191

0.158

Mean

0.738

0.660

0.627

0.615

0.227

0.191+
0.672

0.581+

0.4940.459 ' "><
0.204

0.175

S.E.ofVxDxS±0.16S.E.ofTxVxDxS±0.038



APPENDIX55

FPBGTOP-nTPPESENTSTORAGETREATMENTSONTHEDRYMATTER(GM.)PRODUCTIONOFTUBERS OPDIIgigi"goL^GEPBRPLANTATDIPPERBMTSTAGESOFPLANTGROWTH
ArranPilot

Date of

StorageTreatment

Large
iSeed

Desprouting

56

days

77

days

98

days

119

days

G.S.

T.

G.S.

T.

G.S.

T.

G.S.

T.

Storedat65°-80°F withoutT.O.N.B.

4.83

8.00

2.33

11.67

1.67

28.67

—

33.33

Storedat50°-60°F withoutT.O.N.B.
12.33

20.00

22.00

76.33

17.00

100.33

1.33

21.33

di Desprouted
Storedat40°F withoutT.G.N.B.

22.50

37.0

34.0

92.67

48.67

203.66

5.67

138.33

on 4.1.61

Storedat65°-80°F withT.G.N.B.

2.67

7-83

1.0

10.0

6.0

57.33

-

28.67

Storedat50°-60°F withT.G.N.B.

11.12

19.67

13.0

61.67

17.67

89.0

37.0

18.33

Storedat40°F withT.O.N.B.

18.33

14.50

32.0

80.67

31.67

164.33

12.33

169.0

d2 Desprouted on 20.2.61

Storedat65°-80°F withoutT.G.N.B. Storedat50°-60°F withoutT.O.N.B. Storedat40°F withoutT.O.N.B. Storedat65°-80°F withT.O.N.B. Storedat50°-60°F withT.O.N.B. Storedat40°F withT.G.N.B.

0.02Zj.,67

6.67

7.0

6.33

8.6717.833.017.676.031.03.021.67 27.010.3328.3393.6751.33167.3312.67176.33 0.603.67

5.0

10.01.6729.0

5.339.674.023.676.3337.330.6720.33 31.1714.6725.3385.3320.67104.09.0121.67
d3 Desprouted atthe timeof planting

Storedat65°-80°F withoutT.O.N.B. Storedat50°-60°F withoutT.O.N.B. Storedat40°F withoutT.O.N.B. Storedat65°-80°F withT.C.N.B. Storedat50°-60°F withT.O.N.B. Storedat40°P withT.C.N.B.

1.832.672.67
2.03.5-I.678.67

O.67 5.67

*l2«331.4735.059«3351.67170.6742.0231.33 0.300.08 0.736.83

6.338.6736.020.3328.0
15.334.024.6733.6733.33122.3325.67169.67

G.S.=GreenShoot T.=Tuber.



.ArranPilot

Majestic

SmallSeed

LargeSeed

56days

77days

98days

119days

56days77days

G.S.T.G.S.
TG.S.

T.G.S.

T.G.S.T.G.S.
T.

32.178.6755.087.0

5.3310.832.07.675.012*.33-28.6732.6726.6744.3391.67 10.1213.06.6710.678.055.333.063.3337.5016.3346.6757.33 17.021.6739.3356.012.67146.012.33146.67 0.252.673.335.05.3326.67-10.6724.6721.8322.3353.0 |

2.55.336.6746.832.2712.01.034.017.6710.6721.3335.0| 17.6712.3339.067.3317.3388.06.094.6730.013.8354.3392.67
Large 98days

G.S. 50.33

172.:
58.67

201.C
52.67

178.:
41.0

145.:
57.67

190.<
65.0195.

(
2.834.0-4.67-4.33 8.012.05.012.334.029.33
1.6710.3316.5015.6721.06 5.021.3318.6736.6769.O

20.011.030.3359.3335.33131.011.33124.6742.3323.3358.67103.67 3.178.02.6711.331.6712.01.3324.3314.515.688.016.0 0.902.1722.015.333.3324.333.0004.06.67 ,16.507.1721.6748.013.6766.676.0109.3341.3322.049.6765.33
0

12.

0.330.163.907.674.6715.671.677.671.533.8304.0 0.680.383.50.431.333.67-1.830.256.013.029.33 12.333.032.054.6757.0157.017.33148.3319.00.3561.6749.33 --3.678.0
0.180.87

1

00.17

0.352.330.71.710.348.0-4.670000 23.504.026.3348.1752.67106.030.0175.023.53.8369.6751.67
14.67

51-

! ---
103.67

276

0.33

$

5

0

66.0

15*

3.83

|4.33
1

79.0 9.67 0 75.671



-5(

Majestic

LargeSeed

r

Small

Seed

lays

98days

119

days

56days

77days

98days

119days

T.

G.S.

T.

G.S.

T.

G.S.

T.

G.S.

T.

G.S.

T.

G.S.

T.

91.67

50.33

172.33

29.67

194.33

23.17

15.33

24.33

48.67

55.67

150.33

32.0

184.33

57.33

58.67

201.0

46.67

280.0

27.33
j

12.33

27.67

43.67

58.67

181.67

34.67

188.67

87.0

52.67

178.33

51.67

303.0

29.33

6.83

48.33

48.0

54.67

152.0

35.0

195.67

53.0

41.0

145.33

27.67

181.67

24.33

11.33

22.33

40.0

35.67

123.0

11.67

93.67

35.0

57.67

190.67

0

191.67

9.0

4.33

23.0

44.0

25.33

69.O

9.33

77.0

92.67

-65.0

195.0

51.67

306.67

24.83

5.67

27.33

27.33

64.0

159.33

48.33

210.67

-v4

i

3'.* '
jI

•i

M

frsL* ■- v'■\•
T*~A"—;̂

21.06

0

12.67

5.0

40.0

0

7.0

4.0

10.0

23.0

51.0

0

1.67

69.O

14.67

51.67

19.0

138.67

18.0

9.67

33.67

63.33

31.67

116.33

16.0

106.0

103.67

103.67

276.67

54.33

287.23

27.5

8.50

44.67

64.33

82.0

167.67

52.67

245.33

16.0

0.33

5.33

0

6.0

0

0

5.33

11.37

0

2.33

0

3.00

6.67

0

0

0.67

5.33

0

0

3.67

11.33

32.67

68.33

10.67

40.67

'65.33

66.0

158.67

47.67

249.0

2^.0

8.67

40.0

62.67

59.0

148.67

57.67

237.33

4.0

3.83

7.67

0

1.0

0.73

0.03

5.67

4.67

0

1.33

4.0

17.67

29.33

4.33

17.0

1.67

34.33

1.25

5.67

6.67

12.0

4.0

50.67

0

3.0

749.33

79.0

166.67

67.0

221.67

13.83

0.53

50.67

56.67

102.33

177.33

56.33

230.33

0.17

9.67

11.67

8.33

33.33

0

0

0

0

0

0

1.67

2.0

0

0

0

0

1.33

0

0

0

0

3.0

17.0

4.67

18.33

751.67

I

75.67

174.33

56.67

269.0

15.50

3.25

19.67

28.33

42.67

93.0

58.33

!

207.67

I

4



APPENDIX56

NUMBEROFTUBER-PRODUCINGSTEMSPERPLANT(AVERAGEOPTHREEDATESOFSAMPLING)
Numberoftuberbearingstems frommainstem)
(Mainstem+Undergroundbranches perplant.

Date of Desprouting

StorageTreatment

ArranPilot

Majestic

LargeSeed

SmallSeed

LargeSeed

SmallSeed

M.S.
1

U.B.'

TotalM.S.U.B.Total.
M.S.

U.B.Total
M.S.

U.B.

Total

i.e. Desprouted on 4.1.61

Storedat65°-80°FwithoutT.O.N.B.1.110.1)1). "»50°-60°F""2.564.78 ""40°F""3.007.89
Storedat65°-80°FwithT.O.N.B.1.000.33 ""50°-60°Fm»2.114.67 ""40°F""3.118.33

1.55.11.00 7.341.55 10.89 1.33

1.89 0.78

6.781.22 11.44

1.78

1.10 1.89 4.67 0.33 1.0 5.67

2.11 3.44 6.56 1.11 2.22 7.45

2.891.224.112.000.892.89 2.001.673.671.332.674.00 1.782.444.221.562.113.67 2.561.223.782.001.673.67 1.890.332.221.440.892.33 1.563.665.221.671.893.56

d2 i.e. Desprouted on 20.2.61

Storedat65°-80°FwithoutT.O.N.B. ""50°-60°F"" »1140°F""
Storedat65°-80°FwithT.O.N.B. ""50°-60°F"" »1140°F""

0.11 1.33 4.44 0.33 2.22 3»66

0.22 1.44 7.67 0.11 1.89 7.22

0.33 2.77 12.11 0.44 4.11 10.88

0.110.440.55 1.672.334.00 2.897.3310.22 1.110.441.55; 1.330.782.11
j

2.225.567.78I
0.890.331.220.670.220.89 1.670.111.782.110.782.89 3.112.896.001.881.883.76 1.440.221.660.2200.22 0.3300.330.6700.67 3.331.334.662.222.444.66

.3 x.e. Desprouted atthe time of Planting

Storedat
65°-80°F

withoutT.G.N.B.
0.33

0.11

0.44

1.00

0

——afpri 1.00

CTr^,.H 0.67

0.11

0.78

0.44

0

0.44

tlII

50o-60°F
1111

0.89

0

0.89

0.89

0.22

1.11

1.22

0.11

1.33

0.55

0

0.55

IIII

40°F

1111

7.11

2.00

9.11

•

6.33

1.56

7.89

3.56
'

0.78

4.34

3.89

0.11

4.00

Storedat
65°-80°F

withT.G.N.B.

0.11

0

0.11

0.89

0

0.89

0.55

0.22

0.77

0.11

0

0.11

1111

50°-60°F
1111

0.77

0.89

1.67

0.89

0.44

1.33

0.11

0.11

0.22

0.33

0

0.33

1111

40°F

11ti

6.67

3.33

10.00

4.88

2.50

7.38

4.67
?

-

4.67

4.00

0.63

4.63

1M.S. 2U.B.
=MainStem =Undergroundbranchesfrommainstem.
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APPENDIX 57

EFFECT OF DIFFERENT STORAGE TREATMENTS ON THE
NUMBER OF AERIAL STEMS

(ANALYSIS OF VARIANCE)
i

Factor d.f S.Sq,. M.S.Sq.

1

Variance
Ratio

V

Total whole plot 7 117059.264
Replication 3 2502.403 834.134 4.52 H

Variety (V) 1 114003.125 114003.125 617.64 3EX

Error 'a' 3 553.736 184.579
f
tTotal sub plot 47 273285.208

Whole plot 1 117059.264
XXDate of desprouting (D) 2 100911.083 50455.541 274.18

Size of seed tuber (S) 1 7401.389 7401.389 40.22 XX

Interactions: D x S 2 2138.111 1069.055 5.81 XX

VxD 2 35058.334 17529.167 95.25 XX

V x S 1 2134.222 2134.222 11.60 XX

V x D x S 2 3062.028 1531.014 8.32 XX

Error 'b' 30 5520.777 184.026

Total half sub plot 287 440761.875
Sub plot, hi 273285.208

265.55Treatment. (T) 5 107252.958 21450.592 XX

Interactions: T x V 5 19795.959 3959.192 49.01 XX

T x D 10 9411.834 941.183 11.65 XX

T x S 5 4023.695 804.739 9.96 XX

T x V x D 10 4027.332 402.733 4.99 XX

T x V x S 5 3119.860 623.972 7.72 XX

T x D x S 10 2574.055 257.405 3.19 XX

T x V x D x S 10 2730.890 273.089 3.38 XX

Error 'c' 180 14540.084 80.778
I
1

sx Significant at \%

4
4



APPENDIX58

"j

A

NUMBEROFTUBERSPERPLANTINTWOSEEDSIZESOFTWOVARIETIESATDIFFERENTSTAGES OFPLANTGROWTH
ArranPilot

Date ofStorageTreatment Desprouting

Numberof
tubersperplanton

56

77

98

LargeSmall SeedSeed
Mean

LargeSmall

LargeSmall

SeedSeedMeanSqq<iSeedMean
Desprouted on

4.1•61

Storedat65°-80°F withoutT.G.N.B. Storedat50°-60°F withoutT.C.N.B. Storedat40°F withoutT.G.N.B. Storedat65°-80°F withT.G.N.B. Storedat50°-60°F withT.G.N.B. Storedat40°F withT.G.N.B.

12.678.3310.5010.334.677.5010.336.338.33 11.0013.3312.1615.678.0011.838.338.008.16 11.005.678.3315.0016.0015.5019.0012.6715.83 10.008.339.169.332.335.8313.3310.3311.83 15.009.3312.1616.3312.6714.5027.334.6716.00 17.3311.001U.1622.6713.0017.8314.6713.6714.17
d2 Desprouted on 20.2.61

Storedat65°-80°F withoutT.C.N.B. Storedat50°-60°F withoutT.G.N.B. Storedat40°F withoutT.O.N.B. Storedat65°-80°F withT.G.N.B. Storedat50°-60°F
6.678.007.334.03.673.838.334.676.50 8.338.678.508.334.336.336.6710.338.50 24.3320.6722.5017.6720.0018.8316.3312.0014.16 4.6711.338.008.677.678.176.004.675.33

withT.G.N.B. Storedat40°F withT.G.N.B.

12.00 29.67

6.33 7.67

9.16 18.67

10.33 14.67

11.00 14.00

10.66 14.33

17.67 12.33

6.33 10.33

12.0 11.33

Storedat65°-80°F withoutT.G.N.B.
Q

0.67

0.33

1.33

4.33

2.83

2.00

4.33

3.16

Storedat50°-60°F withoutT.G.N.B.
0

1.33

0.66

O.67

1.67

1.17

3.00

3.00

3.00

d3

Storedat40°F
Desprouted
withoutT.G.N.B.

9.67

15.67

12.67

23.33

12.00

17.66

14.00

14.00

14.00

atthe

Storedat65°-80°F
timeof planting

withT.G.N.B.

0.33

0

0.16

0

0

0

0

3.00

1.50

Storedat50°-60°F withT.G.N.B.

9.33

5.67

7.50

6.67

2.00

4.33

4.33

6.00

5-16

Storedat40°F withT.G.N.B.

17.00

18.50

17.75

12.00

14.00

13.00

12.33

9.33

10.83

Mean

11.05

8.92

9.98

10.94

8.41

9.67

10.89

7.98

9.43



Majestic

differentdatesafterplanting
—

119

56

77

98

119

iLargeSmallMLargeSmall «SeedSeedM8anSeedSeed
Mean

LargeSmall SeedSeed

LargeSmall..LargeSmall„
MeanSeedSeedMeanSeedSeedMean

5.04.674.8328.019.023.5010.675.07.8313-338.6711.09.008.678.83 9.6710.009.8317.6717.0017.3317.3314.3315.8316.009.6712.8312.676.09.33 10.339.6710.0016.6716.3316.5021.6715.3318.5012.6713.012.837.338.07.66 11.336.08.6725.0015.3320.1615.3311.013.1616.06.3311.1617.08.3312.66
!!
| •

10.676.678.6719.679.6714.6711.339.6710.5014.336.3310.337.06.676.83 'I

i13.338.3310.8317.011.014.0013.678.3311.012.6710.011.3311.674.678.17 9.002.335.668.02.05.09.672.336.04-335.04.664.671.333.00 4.005.004.508.3316.3312.3315.3316.3315.838.07.337.6611.676.08.83 9.6714.3312.0030.015.022.520.6712.0016.3311.010.6710.8313.3313.3313.33 13.338.6711.00;12.67 12.673.007.83

6.3312.334.338.334.04.334.163.01.02.0 04.08.336.1606.03.02.332.002.16
11.3310.3310.8318.3312.015.1611.3311.3311.3313.09.011.07.679.338.50 1.001.001.003.671.02.332.675.03.833.671.672.671.333.02.16 1.331.331.335.674.335.09.004.676.833.334.03.663.671.02.33 15.3316.0015.668.335.336.8317.6722.6720.1717.3316.3316.8311.679.6710.67 0

0

3.00

1.501.3300.664.6702.337.330.674.0
6.674.335.500
0

0

00

02.671.331.02.01.50

17.6714.3316.0018.6717.017.8318.6715.3317.017.3318.3317.8317.3312.6715.0 9.027.008.0113.378.9611.1611.819.2210.529.547-748.648.315.807.05



APPBMDXX59

SIZEOFTUBERSPERPLANTATDIFFERENTSTAGESOFPLANTGROWTH
ArranPilot

Daysafterplanting

Date ofStorageTreatment Desprouting

56

77

SizeLimits (cm.)oftuber
Total

SizeLimits (cm.)oftuber
Total

0-1

1-3

3-5

>5

0-1

1-3

3-5

>5

Storedat65°-80°F withoutT.G.N.B.
2.5

7.83

0.17

10.50

2.66

4.17

0.67

mm

7.50

Storedat50°-60°F withoutT.G.N.B.
5.16

6.00

1.0

-

12.16

2.66

5.34

3.33

0.50

11.83

di Desprouted on k.1.61

Storedat40°F withoutT.G.N.B.
3.0

1.99

3.17

0.17

8.33

3.00

5.33

6.67

0.50

15.50

Storedat65°-80°F withT.O.N.B.

3.33

5.83

-

-

9.16

1.50

k.33

—

—

5.83

Storedat50°-60°F withT.G.N.B.

3.17

8.33

0.66

—

12.16

3.33

7.67

3.33

0.17

14.50

Storedat40°F withT.G.N.B.

6.33

7.16

0.50

0.17

14.16

5.0

5.50

6.00

1.33

17.83

d2 Desprouted on 20.2.61

Storedat65°-80°F withoutT.C.N.B. Storedat50°-60°F withoutT.C.N.B. Storedat40°F withoutT.C.N.B. Storedat65°-80°F withT.G.N.B. Storedat50°-60°F withT.G.N.B. Storedat40°F withT.O.N.B.

2.674.66 1.675.661.16 12.839.500.17 3.174.500.33 4.164.330.67 7.8310.670.17
7.33-3.500.33 8.490.50k.331.50
3.83

6 .33

22.505.674.348.500.3218.83 8.002.175.830.17 9.161.676.162.83 18.673.003.167.670.501k.33

Desprouted before planting

Storedat65°-80°F withoutT.G.N.B. Storedat50°-60°F withoutT.G.N.B. Storedat40°F withoutT.O.N.B. Storedat65°-80°F withT.C.N.B. Storedat50°-60°F withT.G.N.B. Storedat40°F withT.G.N.B.

0.33

0.500.16 6.006.67 -O.16 1.336.17 7.5510.20

0.330.672.660.50 0.660.330.67O.17 12.675.676.165.83 0.16- 7.500.663.500.17
2.83 1.1-

1

17.66
PP~

4.3<

17.753.835.173.500.5013.0c



ArranPilot

Majestic

•i

Daysafterplanting

98

119

56

SizeLimits (cm.)oftuber
Total

SizeLimits (cm.)oftuber

0-11-33-5y5
0-11-33-5>5

Total

SizeLimits (cm.)oftuber
0-1

1-33-5>5
Total

0.666.501.17

8.340.16I4-.170.50
U.8310.3311.501.67

0.164.003.500.508.160.836.332.500.179.834.6611.501.17 1.166.007.331.3315.820.331.8^6.501.3310.008.338.000.17 1.08.502.33
11.331.835.831.00
8.667.1611.671.33

3.679.842.320.1716.01.06.671.00-8.677.07.500.17
{

IFI 2.336.502.672.6714.170.334.174.501.8310.834.509.160.34
23.50 17.33 16.50 20.16 14.67 14.00

1.05.160.33 1.505.661.33

6.490.500.66 8.490.173.500.83
5.660.672.831.330.175.0 4.503.336.832.17

1.503.507.331.8314.160.503.006.502.0012.008.6612.581.25 4.50O.83
1.678.501.83

5.331.337.332.34 12.00.676.665.0
11.002.333.500.50 7.83

0.831.660.500.173.16-0.670.33-1.001.5O.83 0.502.330.17-3.000.331.00--1.331.832.500.67
|

0.335.176.162.3414.000.505.166.833.1715.665.331.50 1.330.17
0.662.831.66

1.50 5.160.164.001.170.175«50
0.501.0

0.334.005.501.0010.830.505.507.832.1716.009.668.000.17
12.33 22.49 6.33

0.835.04.830.6711.330.504.004.831.5010.835.58.331.00-15.16
nr.

2.33 5.0 6.83 1.50 17.83



Majestic
Daysafterplanting

77

98

119

SizeLimits (cm.)oftuber
0-11-33-5>5

Total

SizeLimits (cm.)oftuber
Total

SizeLimits (cm.)oftuber

0-11-33-5>5

Total

0-11-33-5>5

2.01.502.661.667.821.333.333.343.0011.00
0.833.834.178.83

5.174.835.500.3315.832.02.844.663.3312.830.171.834.003.339.33 7.05.334.501.6718.501.664.503.673.0012.830.161.661.504.347.67 3.163.345.66
13.161.333.833.502.5011.161.835.344.331.1612.66

2.333.673.830.6710.500.832.834.502.1710.330.332.002.841.666.83 3.672.004.161.1711.001.172.174.663.3311.33O.671.662.03.838.16 1.502.671.83

7■-••--v-■TV- ..■*■!'■■■•*
6.000.162.501.670.334.660.171.501.33

4.504.994.501.8415.830.502.663.161.347.66
3.00

3.833.161.848.83

|3.504.495.842.5016.331.01.834.04.0010.831.04.04.334.0013.33 2.174.671.49 2.332.161.66

8.330.333.83--4.16-2.0-2.00 6.150.170.841.660.333.000.51.160.330.172.16
1.673.504.831.3311.330.503.843.333.3311.00.171.832.504.008.50 2.01.170.67

3.830.671.670.33
2.670.331.160.67

Mi

■r*

1.833.001.830.176.830.671.331.330.333.66
1.161.17

2.16 2.33

6.06.177.330.6720.171.834.834.001.6716.830.332.004.503.8310.66 0.50.16

0.661.001.000.33 0.170.830.33

2.330.672.331.00 1.33

1.160.33

4.0 1.49

4.06.336.170.5017.002.665.509.171.0017.831.04.506.333.1715.0



APPENDIX 60
i

total yield (ware + seed + chat) of tubers

(analysis of variance)

Factor d.f S .Sq. M.S.Sq.
Variance
Ratio

Total whole plot 7 7067.368
Replication 3 1938.075 61+6.025 15.72 *
Variety (V) 1 5005.919 5005.919 121.72
Error 'a' 3 123.371+ 1+1.125

Total sub plot 1+7 15279.136
Whole plot i.e. sub plot
"block 7 7067.368

Date of desprouting (D) 2 6995.361 31+97.680 186.1+1 **
Size of seed tuber (s) 1 19U. 818 191+. 818 10.38 **
Interactions: D x S 2 1+7.U22 23.711 1.26

VxD 2 286.006 11+3.003 7.62 **
V x S 1 0.605 0.605 -

V x D x S 2 121+.650 62.325 3.32
Error *"bf 30 562.906 18.763

Total half sub plot;, 287 521+77.539
Sub plot.' 1+7 15279.136

5065.1+90 307.07 **Treatment (T) 5 25327.1+52
Interactions: T x V 5 3782.617 756.523 1+5.86

T x D 10 3191.606 319.161 I9.35 xx
T x S 5 32.086 6.1+17 -

T x V x D 10 977.606 97.761 5.93 **
T x V x S 5 559.791 111.958 6.79
T x D x S 10 22i+. 075 22.1+07 1.36
T x V x D x S 10 133-881+ 13.388 -

Error 'c1 180 2969.286 16.I+96

Significant at * Significant at 5%



APFEITOIX 61

YIELD - TONS/APRS:
TREATMENT x DATE OP DESPROUTING

Date of Desprouting
Storage Treatment Mean

d1 d2 d^

Stored at 65°-80°P without T.O.N.B. 16. 81+0 10.081+ 8.25k 11.725

« » 50°-60°P " " 19-819 15.869 9.961 15.216

ii it 4o°P " " 21.780 21.590 21.203 21.521+

Stored at 65°-80°F with T.O.N.B. 16.098 12.263 3.21+5 10.535

t« ti 50°-60°P " " 11.668 6.322 3.897 7.296
it ii ^o°P " M 22.732 21.333 20.662 21.572

Mean 18.156 11+.575 11.203

S.E. of Date of desprouting + 0.25k

S.E. of Treatment + 0.337

S.E. of Treatment x Date of desprouting + 0.585



APPENDIX 62

TOTAL YIELD (TONS/APRS):
TREATMENT x SEED SIZE

Storage Treatment

Seed Size

Mean

Large Small

Stored at 65°-80 °F without T.C.N.B. 12.21+1+ 11.207 11.725

11 11 50o-60°F 1» it 15.699 11+. 734 15.216
it 11 1+0 °F it ti 22.325 20.723 21.524

Stored at 65°-80°F with T.O.N.B. 11.013 10.057 10.535

ti ir 50°-60°F 11 it 7.1+38 7.153 7.296
11 it 1+0 °F 11 it 21.992 21.153 21.572

Mean 15.119 11+.171

S.E. of Seed size + 0.208

S.E. of Treatment + 0.337

S.E. of Treatment x Seed Size + 0.474



APPENDIX65
TOTALYIELD(TONS/ACRE):

TREATMENTxDATEOFDESPROUTINGxSEEDSIZE Date

ofDesprouting

Storage Treatment

d1

d2

d3

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean

Storedat65°-80°E withoutT.G.N.B.
17.632

16.047

16.840

10.061

10.106

10.084

9.039

7.469

8.254

Storedat50°-60°F withoutT.G.N.B.
21.068

18.570

19.819

16.227

15.511

15.869

9.802

10.120

9.961

Storedat40°F withoutT.O.N.B.
22.590

20.970

21.780

21.860

21.320

21.590

22.527

19.879

21.203

Storedat65°-80°F withT.G.N.B.
16.103

16.093

16.098

12.823

11.704

12.263

4.114

2.375

3.245

Storedat50°-60°F withT.G.N.B.
13.136

10.199

11.668

6.289

6.355

6.322

2.890

4.905

3.897

Storedat40°F withT.G.N.B.
23.231

22.234

22.732

21.946

20.700

21.323

20.800

20.524

20.662

Mean

18.960

17.352

18.156

14.868

14.282

14.575

11.529

10.879

11.203

S.E.ofDateofdesprouting+0.254 S.E.ofDateofdesproutingxSeedsize+O.36O S.E.ofTreatmentxDateofdesproutingxSeedsize+0.827 S.E.ofTreatmentxDateofdesprouting+0.585



APPENDIX61+
TOTALYIELD(TONS/ACRE):

TREATMENTxVARIETYxDATEOFDESPROUTJKGySEENST7TR ArranPilot

Majestic

Storage Treatment

a

»

1

1

a2

a.

3

di

d2

±:

d

3

Large Seed

Small Seed

LargeSmall SeedSeed
Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

Storedat65°-80°F withoutT.G.N.B.
12.1+93
11.535

6.3557.836
7.485

6.628

22.771
21.560
13.768
12.375
10.593
8.310

Storedat50°-60°F withoutT.O.N.B.
17.1+7611+.51+1+
12.1+2611.701
4.638

3.986

24.660
22.596
20.027
19.320
14.966
16.255

Storedat40°F withoutT.O.N.B.
20.1+57
16.553
19.15617-857
20.495
18.066
24.723
25-387
24.563
21+.872
24-558
21.692

Storedat65°-80°F withT.G.N.B.
10.551
12.653

9.91613-41+7
1.197

0.626

21.655
19.534
15.730

9.960

7.031

4*124

Storedat50°-60°F withT.G.N.B.
17.21+5
10.282
11.2919.001+
3-848

4.405

9.027

10.117

1.287

3.705

1.932

5.404

Storedat1+0°F withT.G.N.B.
19-61+1+
18.027
17.OI+718.312
17.66716.917
26.817
26.441
26.844
23.087
23.933
24.131

Mean

16.311
13.766
12.69813.026
9.222

8.438

21.609
20.939
17.037
15.538
13.835
13.319

S.E.ofVxDxS±0.509
S.E.ofTxVxDxS±1.170



APPENDIX 65

TOTAL NUMBER OP TUBERS (WARE + SEED + GHAT)

(ANALYSIS OP VARIANCE)

Factor d.f S.Sq. M.S.Sq. V|atiS°0
Total whole plot
Replication
Variety (V)
Error 'a'

Total sub plot
Whole plot i.e. sub plot
block'

Date of desprouting (D)
Size of seed tuber (S)
Interactions: D x S

VxD
V x S
V x D x S

Error 'b'

Total half sub plot
Sub plot;.
Treatment (T)
Interactions: T x V

T x D
T x S
T x V x D
T x V x S
T x D x S
T x V x D x S

Error 'c'

7 86372.778
3 26785.861 8928.620 5.57
1 51+780.500 54780.500 34.19s*
3 4806.1+17 1602.139

47 277535.500

7 86372.778
109.04s*2 118912.646 59456.323

1 12429.389 12429.389 22.79s*
2 5741.173 2870.586 5.26 *
2 32502.062 16251.031 29.80**
1 22.222 22.222 —

2 5196.675 2598.337 4.76 *
30 16358 .555 545.285

287 831175.500
47 277535.500

183.36s*5 308665.042 61733.008
5 49024.375 9804.875 29.12sx
10 89616.687 8961.669 26.62s*
5 5024.736 1004.947 2.98 *
10 10526.188 1052.619 3.13s*
5 17134.236 3426.847 10.18**

10 6068.077 606.808 1.80
10 6978.492 697.849 2.07 *

180 60602.167 336.679

** Significant at * Significant at 5%



APPENDIX 66

TOTAL NUMBER OF TUBERS (1000/A0RE):
TREATMENT x DATE OP DESPROUTING

Date of Desprouting

Storage Treatment

d2 d3

■ Mean

Stored at 65°-80°P without T.G.N.B. 11+8.10 97.36 73.81 106.1+2
" »» 50°-60°P " " 178.27 136.81 73.16 129.1+1

ftoo-d- 183-11 191.71+ 195-21 190.02

Stored at 65°-80°F with T.O.N.B. 166.01 130.92 33.96 110.02

" » 50°-60°P " " 126.00 81+.91+ 1+2.03 81+.32

" " 1+0 °F " " 203.00 182.39 201.18 195.53

Mean 167.1+2 137.36 103.22

S.E. of Date of desprouting + 3*07

S.E. of Treatment + 3«l+2

S.E. of Treatment x Date of desprouting +5.92



APPENDIX 67

TOTAL NUMBER OF TUBERS (1000/AGRE):
TREATMENT x SEED SIZE

Storage Treatment

Seed Size

Mean

Large Small

Stored at 65°-80°P without T.C.N.B. 113-52 99-33 106.42
n it 50°-60°F " " 138.86 121.97 129.41
t* it 40 °F " " 202.85 177.20 190.02

Stored at 65°-80°P with T.C.N.B. 109.71 110.89 110.29

it it 50°-60°F " " 91.64 77.01 84.32

it ti 40°F " " 212.31 178.76 195.53

Mean 144.48 127.52

S.E. of Seed size + 2.50

S.E. of Treatment + 3*^2

S.E. of Treatment x Seed size + 4*82



APPENDIX68

TOTALDUMBEROFTUBERSQOOO/ACBB);TREATMENTxDATEOFDESPROUTINGxSEEDSIZE DateofDesprouting

StorageTreatment

d1

d

2

d3

Large Seed

Small,, 0,MeanSeed
Large Seed

Small,, „,MeanSeed
Large Seed

Small Seed

Mean

Storedat65°-80°Fwithout T.C.N.B.

161.8

134.39148.10
91.80

102.9397.36
86.96

60.66

73.81

Storedat50°-60°Fwithout T.C.N.B.

197.47

159.10178.27
141.49

132.13136.81
73.63

74.70

73.16

Storedat40°Fwithout T.C.N.B.

199.25

166.98183.11
199.57

183.92191.74
209.73

180.69

195.21

Storedat65°-80°Fwith T.C.N.B.

166.33

165.69166.01
121.97

139.87130.92
40.82

27.10

33.96

Storedat50°-60°Fwith T.C.N.B.

147.13

104.87126.00
92.93

76.9584.94
34.85

49.21

42.03

Storedat40°Fwith T.C.N.B.

231.19

174.88203.04
194.41

170.37182.39
211.35

191.02

201»18

Mean

183.87

150.98167.42
140.36

134.36137.36
1$9.22

97.37

103.22

S,E.ofDateofdesprouting+.3*07 S.E.ofDateofdesproutingxSeedsize+4*35 S.E.ofTreatmentxDateofdesproutingjjj.92 S.E,ofTreatmentxDateofdesproutingxSeedsize+8.37



APPENDIX69
TOTALNUMBEROFTUBERS(1000/AGRE):

TREATMENTxVARIETYxLA.TELOPDESPROUTINGySENT)sTZE ArranPilot

Majestic

Storage Treatment

d

1

►

d2

„

%

«1

d2

d

3

Large Seed

Small Seed

LargeSmall SeedSeed
Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

Storedat65°-80°F withoutT.G.N.B.
175.53
11+0.01+

87.1+1+121.97
88.73

62.27

11+8.10
128.71+

96.15

83.89

85.18

59-05

Storedat50°-60°F withoutT.O.N.B.
221+.25
172.63
155-85150.68
52.27

52.27

170.69
II+5.52
127.13
113-58

90.99

97.12

Storedat1+0°F withoutT.G.N.B.
230.38
185.53
228.1+5213.93
213.28
203.60
168.11
11+8.1+3
170.69
153.91
206.18
157-78

Storedat65°-80°F withT.G.N.B.
155.20
178.11
108.1+2195.86
11+.20

9.68

177.1+7
153.27
135.52

83.89

67.10+

10+.53

Storedat50°-60°F withT.G.N.B.
21+3-91+
11+1.00
178.1+3126.1+8
51+-21

62.60

50.31+

68.73

7.1+2

27.1+3

15.1+9

35.82

Storedat1+0°F withT.G.N.B.
273-91+202.63
221.67201+.25
208.1+1+
198.76
188.1+1+11+7.11+
167.11+
136.1+9
211+.25
183.27

Mean

217.21
169.99
163.38168.86
105.19

98.20

150.52
131.97
117.31+
99.86

113.26

96.26

S.E.ofVxSxD±6.15
S.E.ofTxVxDxS±11.83



appendix 70

yield of ware

(analysis op variance)

Factor d.f S.Sq,. „ Variance
M.S.Sq. Ratio

Total whole plot
Replication
Variety (V)
Error 'a'

Total sub plot
Whole plot i.e. sub plot
blocks

Date of desprouting (D)
Size of seed tuber (S)
Interactions: D x S

VxD
V x S
V x D x S

Error 'b'

Total half sub
Sub plot
Treatment (T)

7
3
1
3

10374.477
425.1+97
9849.646
99.334

47 13813.847

7
2
1
2
2
1
2

30

10374.477
2221.734
13.672
7.731

873-919
10.599
11.465
300.250

141.832 4.28
9849.646 297.47
33.111

1110.867 110.99 **
13.672 1.37
3.865

436.959
10.599
5.732
10.008

43.66 **
1.06

Error 'c1

plot 287 25225.982
47 13813.847

1075.9635 5379.817 90.53 XX

T x V 5 2613.038 522.608 43.97 XX

T x D 10 368.631 36.863 3.10 XX

T x S 5 56.449 11.290 -

T x V X D 10 597.55 59.755 5.03 XX

T x V X S 5 90.298 18.060 1.52
T x D X S 10 109.097 10.910 -

T x V X D x S 10 57.977 5.798 -

180 2139.278 11.885

XK Significant at 1%



APPENDIX 71

NUMBER OP WARE

(ANALYSIS OP VARIANCE)

Factor
Variance

d.f S.Sq. M.S.Sq. Ratio

Total whole plot 7 23244.944
Replication 3 1346.028 448.676 4.00
Variety (V) 1 21562.722 21562.722 192.41**
Error 'a' 3 336.194 112.065

Total sub plot 47 31206.500
Whole plot i.e. sub plot
block 7 23244.944

Date of desprouting (D) 2 5282.771 2641.385 124.48**
Size of seed tuber (s) 1 10.889 10.889 -

Interactions: D x S 2 12.798 6.399 —

VxD 2 1968.965 984.482 46.39**
V x S 1 10.889 10.889
V x D x S 2 38.633 19.316 -

Error 'b' 30 636.611 21.220

Total half sub plot 287 62617.500
Sub plot 47 31206.500

129.44**Treatment (T) 5 17002.875 3400.575
Interactions: T x V 5 6589.070 1317.814 50.16**

T x D to 1160.604 116.060 4.42**
T x S 5 49.236 9.847 -

T x V x D 10 1238.993 123.899 4.72**
T x V x S 3 197.486 39.497 1.50
T x D x S 10 289.327 28.933 1.10
T x V x D x S 10 154.742 15.474 -

Error 'c' 180 4728.667 26.270

** Significant at



APPENDIX 72

YIELD OF WARE (TONS/APRS):
TREATMENT x SEED SIZE

Storage Treatment

Seed Size

Mean

Large Small

Stored at 65°-80°P without T.C.N.B. 6.126 6.084 6.105
11 11 50°-60°F " " 8.082 8.094 8.088

n 11 40°P " " 9-384 10.140 9.762

Stored at 65°-80°F with T.O.N.B. 4.596 4.080 4.338

ti 11 50°-60° " " 2.832 3.120 2.976

it 11 40°F " " 8.664 9.672 9.168

Mean 6.614 6.865

S.E. of Seed size

S.E. of Treatment

S.E. of Treatment

+ 0.152

+ 0.286

x Seed size + 0.405



APPENDIX 75

NUMBER OP WARE (1 OOP/ACRE):
TREATMENT x SEED SIZE

Storage Treatment

Seed Size
■ Mean

Large Small

Stored at 65°-80°P without T.G.N.B. 21.2k 20.49 20.86

ff 11 50°-80°F " " 28.18 28.23 28.20

If it 40°F " " 37.27 36.84 37.05

Stored at 65°-80°F with T.O.N.B. 16.78 14.09 15.43
tr it 30°-60°F " " 8.98 9.52 9.25

11 it 40°F " " 33-93 34.20 34.06

Mean 24.40 23-89

S.E. of Seed size

S.E. of Treatment

S.E. of Treatment

+ 0.48

+ 0.95

x Seed size + 1.35



APPENDIX74
YIELDOPWARE(TONS/AGRS): TREATMENTxVARIETYxSEEDSIZE ArranPilot

Majestic

StorageTreatment

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean

Stored
at

65°-80°FwithoutT.O.N.B.
2.916

3-012

2.961+

9.336

9.156

9.246

it

ii

50°-60°F""
3.588

3-372

3.480

12.576

12.816

12.696

it

ii

1+0°F"»
5.112

4.680

I+.896

13•656

15.600

14.628

Stored
at

65°-80°FwithT.O.N.B.
2.268

2.1+60

2.364

6.924

5.700

6.312

ii

it

50°-60°F""
2.880

2.280

2.580

2.784

3.960

3.372

it

it

40°F""
3.372

1+.512

3.942

13.956

14.832

14.394

Mean

3.356

3.386

3.371

9.872

10.344

10.108

S.E.ofVariety+0.276 S.E.ofVarietyxSeedsize+0.215S.E.ofTreatmentxVariety+0.405S.E.ofTreatmentxVarietyxSeedSize+0.573



APPENDIX75
NUMBEROFWARE(10OP/ACRE): TREATMENTxVARIETYxSEEDSIZE

\

ArranPilotMajestic
StorageTreatment

Large Seed

Small Seed

Mean

Large Seed

Small Seed

Mean

Stored
at

65°_80°PwithoutT.O.N.B.
10.22

10.11

10.16

32.27

30.87

31.57

11

11

50°-60°F

1111

12.80

12.37

12.58

43.56

44.10

43.83

ti

11

40°F

1111

21.19

19.68

20.1+3

53-35

53-99

53-67

Stored
at

65°-80°P
withT.G.N.B.

8.71

8.71

8.71

24.84

19.47

22.16

11

11

50°-60°F

11ti

10.11

8.17

9.14

7.85

10.86

9.36

11

11

40°F

1111

14«81+

18.82

16.83

53.02

49-58

57.30

Mean

12.98

12.98

12.98

35-82

34-81

35-31

S.E.ofVariety+1.15 S.E.ofVarietyxSeedsize+0-70 S.E.ofTreatmentxVariety+1.35 S.E.ofTreatmentxVarietyxSeedSize+1.91



APPENDIX 76

YIELD OF WARE (TONS/ACRE):
TREATMENT x DATE OF DESPROUTING x SEED SIZE

Date of desprouting

Storage treatment ,

di d2 d3

Large Small lean Large Small Mean Large Small Mean
seed seed seed seed seed seed

Stored at 65°-80°F.
without T.C.N .B.

8.802 9.378 9.090 5.274 4.896 5.085 4.302 04 • -O co 4.140

Stored at 50°-60°F.
without T.0 .N ,B .

9.594 9.324 9.459 8.730 8.730 8.730 5.922 6.228 6.075

Stored at 40°F.
without T.C.N.B. 10.494 11.466 10.980 8.802 10.656 9.729 8.856 8.298 8.577

Stored at 65°-80°F.
with T.C.N.B.

6.552 6.732 6.642 5.616 4.518 5.067 1.620 0.990 1.305

Stored at 50Q-b0°F.
with T .C .N .B. 5.238 4.644 4.941 2.286 2.448 2.367 0.972 2.268 l.b20

Stored at 40°F.
with T .C .N ,B .

9.774 11.772 10.773 10.278 9.828 10.053 5.940 7.416 b .678

Mean. 8.409 8.88b 8.647 6.831 6.846 b.838 4.602 4.863 4.732

S.E. of Date of desprouting± 0.186

S.E. of Date of desprouting x seed size ±0.263

S.E. of Treatment x Date of desprouting ±0.496

S.E. of Treatment x Date of desprouting x seed size+0.702



APPENDIX 77

NUMBER OF WARE (1000/ACRE) :

TREATMENT x DATE OF DESPROUTING x SEED SIZE

Date of desprouting
Storage treatment

d-j d2

Stored at 65°-80°F.
without T .0 JJ .B.

Stored at 50°-60°F.
without T.C.N.B.

Stored at 40°P.
without T.C.N.B.

Stored at 65°-80°F.
with T .C .N ,B .

Large Small Mean Large Small Mean Large Small Mean
seed seed seed seed seed seed

31.30 32.37 31.78 16.29 16.46 16.37 16.13 12.74 14.44

34.20 34.20 34.20 30.81 30.65 30.73 19.52 19.84 19.68

41.62 40.01 40.82 34.36 37.43 35.90 35.81 33.07 34.44

25.33 23.71 24.52 20.17 15.00 17.58 4.84 3.55 4.19

Stored at 50°-60°F. 16>g4 15Ag 7>lQ ?>go ? 2<go 6>gl 4#?6
with T .0 ,N ,B .

Stored at 40°F.
with T.C.N .B .

37.11. 40.98 39.04 39.20 32.91 36.06 25.49 28.72 27.10

Mean. 31.08 30.87 30.97 24.66 23.39 24.02 17.45 17.42 17.43

S.E. of Date of desprouting ±0.61

S.E. of Date of desprouting x seed size ±0.85

S.E. of Treatment x Date of desprouting ±1.65

S.E. of Treatment x Date of desprouting x seed size±2.33



APPENDIX78
YIELDOPWARE(TONS/ACRE);

TREATMENTxVARIETYxDATEOPDESPROUTTNGy.REETi.SIZE ArranPilot

Majesticf

Storage Treatment

*

d2

d3

*2^

Large Seed

Small Seed

LargeSmall SeedSeed
LargeSmall SeedSeed
Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

Storedat65°-80°F withoutT.G.N.B.
3.636

3.636

2.1962.340
2.9163.060
13.968
15.120

8.352

7.452

5.688

4.896

Storedat50°-60°F withoutT.O.N.B.
4 »392

4.932

4.4283.996
1.9441.188
14.796
13.716
13.032
13.464

9.900

11.268

Storedat40°F withoutT.G.N.B.
5.832

5.076

3.3484.176
6.1564-788
15.156
17.856
14.256
17.136
11.556
11.808

Storedat65°-80°F withT.O.N.B.
2.808

3.672

3.4923.528
0.5040.180
10.296

9.792

7.740

5.508

2.736

1.800

Storedat50O-60°F withT.G.N.B.
4.140

2.448

3.5282.844
0.9721.548
6.336

6.840

1.044

2.052

0.972

2.988

Storedat40°F withT.O.N.B.'
3-024

5.220

3.3124.032
3.7804.284
16.524
18.324
17.244
15.624

8.100

10.548

Mean

3.972

4.164

3.3843.486
2.7122.508
12.846
13.608
10.278
10.206

6.492

7.218

S.E.ofVxDxS±0.372
S.E.ofTxVxDxS±0.993



APPENDIX79
NUMBEROFWARE(1000/AGRE):

TREATMENTxVARIETYxBATEOFDESPRQUTIKGxSEED.aIZE ArranPilot

e [

Majestic

Storage Treatment

«1

a

\

2

«3

di

Mv-v

§

Q

a

3

Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

Large Seed

Small Seed

Storedat65°-80°F withoutT.O.N.B.
12.26

11.62

7.10

9.03

11.29

9.68

50.34

52.92

25.49

23.88

20.97

15-81

Storedat50°-60°F withoutT.C.N.B.
1l+.84

17.10

16.46

15.16

7.10

4.84

53.56

51.30

45.17

46.14

31.94

34.85

Storedat40°F withoutT.G.N.B.
2k-8b

21.62

14.84

16.46

23.88

20.97

58.40

58.40

53-88

58.40

47-75

45-17

Storedat65°-80°F withT.G.N.B.
11.62

13.23

13.23

12.26

1.29

0.64

39-04

34.20

27.10

17.75

8.39

6.45

Storedat50°-60°F withT.G.N.B.
15-49

9-36

11.94

10.65

2.90

4.52

18.39

18.71

2.26

5.16

2.90

8.71

Storedat40°F withT.O.N.B.
12.91

20.33

15.49

18.07

16.13

18.07

61.31

61.63

62.92

47.75

34.85

39.36

Mean

15.33

15.54

13.17

13.60

10.43

9.79

46.84

46.19

36.14

33-18

24.47

25.06

S.E.ofVxDxS±1.21
S.E.ofTxVxDxS±3.30



APPENDIX 80

YIELD OF SEED TUBERS

(ANALYSIS OF VARIANCE^

Factor d.f S.Sq. M.S.Sq.
Variance
Ratio

Total whole plot 7 1089.308
17.062 *Replication 3 568.980 189-660

Variety (V) 1 ij.86.98O 486.980 43•809**
Error 'a' 3 33-348 11.116

Total sub plot 47 3296.430
whole plot i.e. sub plot
block; 7 1089.308

78.705s*Date of desprouting (D) 2 1078.738 539.369
Size of seed tuber (S) 1 282.031 282.031 41.154**
Interactions: D x S 2 70.432 35.216 5.139 *

VxD 2 497.412 248.706 36.291s*
V x S 1 6.421 6.421 —

V x D x S 2 66.489 33.244 4.851 *
Error 'b' 30 205.599 6.853

Total half sub plot 287 16570.805
Sub plot 47 3296.430
Treatment (T) 5 8044.367 1608.873 198.553**
Interactions: T x V 5 1026.630 205.326 25.339**

T x D 10 1941.481 194.148 23.960*K
T x S 5 92.136 18.427 2.274 *
T x V x D 10 373.681 37.368 4.612**
T x V x S 5 207.365 41.473 5.118**
T x D x S 10 76.917 7.692 -

T x V x D x S 10 53.194 5.319 -

Error 'c' 180 1458.604 8.103

**
Significant at 1$ * Significant at 5%



APPENDIX 81

NUMBER OP SEED TUBERS

(ANALYSIS OF VARIANCE)

Factor d.f S.Sq,. .S .Sq.
Variance
Ratio

Total whole plot
Replication
Variety (V)
Error 'a'

Total sub plot
Whole plot i.e. sub plot
block

Date of desprouting (D)
Size of seed tuber (S)
Interactions: D x S

VxD
V x S
V x D x S

Error 'b'

Total half sub plot
Sub plot;.
Treatment (T)
Interactions:

7
3
1
3

T X V 5
T X D 10
T X S 5
T X V X D 10
T X V X S 5
T X D X S 10
T X V X D x S 10

56097.708
11380.291
43808.000
909.417

Error ' c'

47 126454.653

7 56097.708
2 32780.007
1 7160.055
2 2867.424
2 17939.437
1 51.681
2 2601.549

30 6956.792

287 430108.986
47 126454.653
5 176210.778

29699.208
43649.951
2507.903
7254.605
5887.694
2480.868
2165.826

180 33797.500

3793.430
43808.000
303.139

16390.003
7160.055
1433.712
8969.718
51.681

1300.774
231.893

35242.156
5939.842
4364.995
501.581
725.460
1177.539
248.087
216.583
187.764

12.513 *
144.514

70.679
30.876 **
6.183 **
38.680 **

5.609 **

187.694 **
31.635
23.247 **
2.671 *
3.864 **
6.271 **
1.321
1.153

K3£ Significant at * Significant at 5%



APPENDIX 82

YIELD OP SEED TUBERS (TONS/ACRE);
TREATMENT x SEED SIZE

Storage Treatment

Seed

Large

Size

Small

- Mean

Stored at 65°-80°P without T.O.N.B. 5.580 4.620 5.100

it it 50o-60°P it it 7-056 6.138 6.597
it it 40 °F ti it 12.32k 10.032 111.178

Stored at 65°-80°P with T.G . N.B. 5.850 5-340 5.595

ii it 50°-60°P it tt 4.014 3-540 3.777

it it 40 °F it it 12.606 10.920 11.763

Mean 7.905 6.765

S.E. of Seed size + 0.125

S.E. of Treatment + 0.237

S.E. of Treatment x Seed size + 0.335



i

APPENDIX 85

NUMBER OF SEED TUBERS (1000/ACRE);
TREATMENT x SEED SIZE

Storage Treatment

Seed

Large

Size

Small

- Mean

Stored at 65°-80°F without T.C.N.B. 62.81 50.77 56.79
ti ii 50°-60°F " " 78.03 57.44 72.73

it ti 40 °F " " 132.08 110.78 121.43

Stored at 65°-80°F with T.O.N.B. 62.87 61.47 62.17
M it 50 °-60°F 11 w 48.67 40.49 44.58

ti ti ^0°F " " 139.18 115.46 127-32

Mean 87.27 74-40

S.E. of Seed size + 1.61+

S.E. of Treatment + 2.55

S.E. of Treatment x Seed size + 3-61



APrENDIX 84

YIELD OF SEED TUBERS (TONS/ACRE):
TREATMENT x DACE OF DESPROUTING x SEED SIZE

Date of desprouting

Storage treatment d]_ dp

Large Small Mean Large Small Mean Large Small Mean
seed. seed seed seed seed seed

Stored at 65°-80°F.
without T.C.N.B. 8.172 6.048 7.110 4.266 4.590 4.428, 4.302 3.222 3.762

Stored at 50°-60°F.
without T.C.N.B.

10.638 8.658 9.648 6.912 6.156 6.534 3.618 3.600 3.609

Stored at 40°F.
without T.C.N.B.

11.448 8.964 10.206 12.474 10.026 11.250 13.050 11.106 12.078

Stored at 65°-80°F.
with T ,C .N .B.

8.622 8.478 8.550 6.642 6.300 6.471 2.286 1.242 1.764

Stored at 50°-60°F.
with T ,C.N .B .

7.110 4.914 6.012 3.276 3.348 3.312 1.656 2.358 2.007

Stored at 40°F.
with T,C .N .B .

12.600 9.900 11.250 11.070 10.350 10.710 14.198 12.510 13.329

Mean. 9.765 7.827 8.77b 7.440 6.795 7.H7 6.510 5.673 6.091

S.E. of Date of de sprouting+.0.154

S.E. of Date of desproutmg x seed size + 0.218

S.E. of Treatment x Date of desprouting+0.410

S.E. of Treatment x Date of desprouting x seed size +0.579



APPEMDIX 85

NUMBER OF SEED TUBERS (1000/ACRE); TREATMENT x DATE
OF DESPROUTING x SEED SIZE

Date of desprouting

di d2 d.
Storage treatment

Large Small Mean Large Small Mean Large Small Mean
seed seed seed seed seed seed

Without93,25 67,60 80,42 46,95 50,98 48,96 48,24 33,72 40,98

^SdoutatT^r- 119,87 94,06 106-96 76.95 68.89 72.92 57.27 39.36 38.32

Stored at 40°F.
124.71 98.90 111.80 133.74 112.93 123.34 137.78 120.51 129.15

WXXilOUT i #1* •±j •

Stored at 65°F-80°F. 2 70.66 74.37 72.52 24.36 15.00 19.68
with T .C.N .B .

Stored at 50°~60°F. 85>83 5?<g2 ?1<87 u^3 3Q^b 41<54 15>65 25>01 2Q^
wx"tn J. • ^

Slo^eJ 40OF, Wlth 146.33 103.90 125.11 122.29 110.83 116.56 148.91 131.65 140.281 • L» • J/J • -D a

Mean 110.59 86.23 98.41 82.52 76.09 79.30 68.70 60.88 64.79

S.E. of Date of desprouting +2.00

S.E. of Date of desprouting x seed size + 2.84

S.E. of Treatment x Date of desprouting± 4.41.

S.E. of Treatment x Date of desprouting x seed size +6.24.



■APPENDIX86
YIELDOFSEEDTUBERS(TONS/ACRE):

TREATMENTxVARIETYxDATEOPDES2?RODTINGxSEEDSIZE ArramPilot

Majestic

Storage Treatment<Lj
d2

d3

«1

82

83

LargeSmall
LargeSmall
LargeSmall
LargeSmall
LargeSmall
LargeSmall

SeedSeed
SeedSeed
SeedSeed
SeedSeed
SeedSeed
SeedSeed

Storedat65°-80°F withoutT.O.N.B.7.7765.9OI+
3.5281+.608
3.9963.276
8.5686.192
5.0044.572
4.6083.168

Storedat50°-60°F withoutT.O.N.B.12.021+8.712
7.2006.732
2.1+122.520
9.2528.604
6.6245.580
4.8244-680

Storedat1+0°P withoutT.O.N.B.13.71610.800
15.12012.816
13.752I2.7I+I+
9.1807.128
9.8287.236
12.3489-468

Storedat65°-80°F withT.O.N.B.6.5527.812
5.7968.532
0.6120.396
10.6929.144
7.4884.068
3.9602.088

Storedat50°-60°F withT.O.N.B.11.7006.912
6.3725-181+
2.1+122.448
2.5202.916
0.1801.512
0.9002.268

Storedat1+0°F withT.O.N.B.15.1+0811.988
12.81613.61+1+
13.03211.772
9.7927.812
9.3247.056
15.26413.248

Mean11.1968.688
8.1+728.586
6.0365.526
8.3346.966
6.4085.004
6.9845.820

S.E.ofVxD
xS±0.307

S.E.ofT
xVxDxS
±0.820



APPENDIX82
NUMBEROFSEEDTUBERS(1000/AGRE):

TREATMENTxVARIETYxDATSOFDESPROUTING .x-SEEDST7,hi ArranPilot

Majestic

Storaged̂

a2

%

dl

d2

d3

Treatment

LargeSmall
LargeSmall
LargeSmall
LargeSmall
LargeSmall
LargeSmall

SeedSeed
SeedSeed
SeedSeed
SeedSeed
SeedSeed
SeedSeed

Storedat65°-80°F withoutT.C.N.B.102.2871.95
1+2.5960.98
1+6.1+635.82
81+.2263.21+
51.301+0.98
50.0131.62

Storedat50°-60°F withoutT.G.N.B.11+9.72108.71+
89.7082.92
27.1+330.33
90.0279.38
61+.2151+.85
1+7.111+8.1+0

Storedat1+0°F withoutT.G.N.B.159-1+0128.71+
173.59152.62
151+.23152.00
90.0269.05
93.9073.21+
121.3289.06

Storedat65°-80°F withT.O.N.B.82.2898.71+
62.92101+.87
6.785.1+8
101+.8791.31
78.1+11+3.88
1+1.9521+.52

Storedat50°-60°F withT.O.N.B.11+9.0783.89
86.8063.21+
22.5930.33
22.5931.91+
2.2613.87
8.7119.68

Storedat1+0°F withT.O.N.B.191.31+136.81
153.91150.36
11+6.1+9137-78
101.3270.99
90.6771.31
151.33125.52

Mean139.02101+.81
101.59102.50
63.3365.29
82.1767.65
63.I+6I+9.69
70.0756.1+7

S.E.ofVxD
xS±1+.01

S.E.ofT
xVxDxS
+8.81+



EXPERIMENT 5 - APPENDIX 88 to 96



APPENDIX88

WEIGHT(GM.)OPTUBERS(25TUB.)ANDSPROUTSATTHETIMEOFDESPROUTING-
StorageTreatment

Initial wt.(gm) of25 tubers

Wt.(gm.)of tuberand sproutatthe timeoffirst desprout
Wt.(gm.)of tuberand sproutatthe timeofsecond desprout

Wt.(gm.)of tuberand sproutatthe timeof planting

TuberSproutTuberSproutTuberSprout
8weeksat40°F;8weeksat50°-60°F;7weeksat40°F.

2526.0

25070

-

2277.0

204.69

2261.0

-

8weeksat40°F;8weeksat70°-80°F;7weeksat40°F

2571.0

2552-t>

—

2400.0

108.69

2392.0

—

8weeksat1+0°F;15weeksat50°-60°F
2378.0

2359.0

-

-

-

2000.0

314.0

8weeksat1+0°F;15weeksat65°-80°F
2427.0

2413°

-

-

-

2144.0

194.5

8weeksat50°-60°F;15weeksati+0°F
2658.0

2538.0

74.20

-

-

2509.0

9.10

8weeksat6j>°-80°F;15weeksat1+0°F
25OI+.O

2389.0

52.50

-

-

2340.0

26.80

16weeksat1+0°F;7weeksat50°-60°F
2319.0

-

-

2298.0

1.0

2009.0

262.0

16weeksat1+0°F;7weeksat65°-80°F
2562.0

-

-

2529.0

1.0

2383.0

105.4

16weeksat50°-60°F;7weeksat1+0°F
2442.0

-

-

2149.0

265.10

2136.0

-

16weeksat65°-80°F;7weeksatl+0°F
2356.0

-

-

2050.0

194.79

2037.0

-

Throughout(23weeks)at50°-60°F
2509.0

-

-

-

-

2073.0

337.5

Throughout(23weeks)at65°-80°F
2513.0

-

-

-

-

2076.0

299.20

Throughout(23weeks)atl+0°F
2457.0

-

-

-

-

2379.0

10.0

Throughout(23weeks)at1+Oof
2436.0

-

-

-

-

2351.0

12.20

N.B.Firstdesproutingon8.1.61SecondDesproutingon6.3.61. |. -l^.=L_UIIi^irni _'" ■■■-J—J-



APPENDIX89

EFFECTOFDIFFERENTSTORAGETREATMENTSONTHESHRINKAGEOFSEEDTUBERS 12FirstSecond DesproutDesprout
StorageTreatmentLossLossinwt.TotalLossLossinwt.Total inwt.{%)duetolossinwt.(%)duetoloss {%)Transpirationin(%)Transpirationin

duetoandwt.duetoandwt. SproutRespiration{%)SproutRespiration(%)
8weeksat40°F;8weeksat50°-60°F; 7weeksat40°F

-

0.75

0.75

8.10

1.01

9.11

8weeksat40°F;8weeksat65°-80°F; 7weeksat40°F

—

0.7k

0.7k

4.23

CO

vo

•

V*

5.91

8weeksat40°F;15weeksat50°-60°F
-

0.80

0.80

8weeksat40°F;15weeksat65°-80°F
-

0.58

0.58

8weeksat50°-60°F;15weeksati+0°F
2.79

1.72

4.51

8weeksat65°-80°F;15weeksati+0°F
2.10

2.k9

4.59

16weeksatt|>0°F;7weeksat50°-60°F;

0.04

0.86

0.90

16weeksat^0°F;7weeksat65°-80°F

0.04

1.25

C\J

•

v-

16weeksat50°-60°F;7weeksati+0°F

10.85

1.15

12.00

16weeksat65°-80°F;7weeksat40°F

8.27

4.72

12.99

Throughout(23weeks)at50°-60°F Throughout(23weeks)at65°-80°F Throughout(23weeks)atij.0op Throughout(23weeks)at40°F 1
2 3

=59days(8.1.61) =116days(i.e.57daysafterfirstdesprout)/5.3.6lj7. =166days(i.e.50daysafterseconddesprout)/25.4«6ly\



32 3ONTHE
SHRINKAGEOPSEEDTUBERS

irst

2

Second

3ThirdDesproutat
the

Weight
Lossduringthe

sprout

Desprout

•

timeofplanting

Total

StoragePeriod

inwt.

Total

Loss

Lossinwt.
Total

Loss

Lossinwt.
Total

Loss

Lossinwt.
Total

dueto

loss

inwt.

{%)dueto
loss

inwt.

(%)dueto

loss

inwt.

(fo)dueto
loss

piration

in

(SO

Transpiration
in

(SO

Transpiration
in

(SO

Transpiration
in

and

wt.

dueto

and

wt.

dueto

and

wt.

dueto

and

wt.

iration

(SO

Sprout

Respiration
(%)

Sprout

Respiration
(sO

Sprout

Respiration
(sO

.75

0.75

8.10

1.01

9.11

-

0.63

0.63

8.10

2.39

10.49

.74

0.74

4.23

1.68

5.91

0.31

0.31

4.23

2.73

6.96

0

CO

•

0.80

13.20

1.89

15.09

13.20

2.69

15.89

.58

0.58

8.01

3.07

11.08

8.01

3.65

11.66

.72

4.51

0.34

0.75

1.09

3.13

2.47

5.60

.k9

4.59

1.07

0.89

1.96

3.17

3.38

6.55

0.04

0.86

0.90

11.30

1.17

12.47

11.34

2.03

13.37

0.04

1.25

1.29

4.11

1.59

5.70

4.15

2.84

6.99

10.85

1.15

12.00

-

0.53

0.53

10.85

1.68

12.53

8.27

4.72

12.99

-

0.55

0.55

8.27

5.27

13.54

13.45

3.93

17.38

13-45

3.93

17.38

11.91

5.48

17.39

11.91

5.48

17.39

...;

0.41

2.76

3-17

o.hi

2.76

3.17

i

0.51

2.99

3.49

0.51

2.99

3.49

lesprout)/Z.3.61/7. desproat)/25.ip-6lJ7-

s



APPENDIX 90

EFFECT OF DIFFERENT STORAGE TREATMENTS ON AVERAGE NUMBER OF DAYS

REQUIRED FOR PLANT EMERGENCE AND FINAL STAND

Period of heat treatment

Average number
of days required
in the emergence

of plant

Final stand (°/o)
of plant

50°-60°F 65°-80°F 50°-60°F 65°-80°F

1. First 8 weeks heat treatment
and then 15 weeks at 40 F. 34.81 34.58 100% 100%

2. First 8 weeks at 40°F and then
8 weeks heat treatment and then

7 weeks at 40°F.
33-37 32.53 100% 100%

3. First 16 weeks at 40°F and then
7 weeks heat treatment. 28.55 30.06 100% 100%

4* First 16 weeks heat treatment
and then 7 weeks at 40 F. 34.79 35.42 00""8 100%

5. First 8 weeks at 40°F and then
15 weeks heat treatment. 26.15 27.31 00

0
0 100%

6. Throughout (23 weeks) heat
treatment. 31.75 34.25 0

0
0 0O

Mean 31.57 32.36

7. Throughout (23 weeks) at 40°F 31.35 32.52 100% 100%



APPENDIX 91

EFFECT OF MEDIUM (5Q0-60°F) AND HIGH (65°-80°P) TEMPERATURE

STORAGE ON THE "GERMINATION RATE INDEX"

Germination

Period of Heat Treatment
Rate Index

50°-60°F 65°-80°F

1. First 8 weeks heat treatment and then

15 weeks at 40°F. 0.228 0.225

2. First 8 weeks at 40°F and then 8Qweeks heat
treatment and then 7 weeks at 40 F. 0.294 0.528

3. First 16 weeks at 40°F and then 7 weeks heat
treatment. 0.509 0.475

4. First 16 weeks heat treatment and then

7 weeks at 40 F.
0.220 0.150

5. First 8 weeks at 40°F and then 15 weeks heat
treatment. 0.625 0.575

6. Throughout (25 weeks) heat treatment. 0.361 0.167

Mean 0.373 0.520

7. Throughout (25 weeks) at 40°F. 0.375 0.320

S.E. of Temperature (i.e. medium vs high.) + 0.019

S.E. of Heat Treatment x Period + O.O46
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GERMINATION RATE INDEX

(ANALYSIS OF VARIANCE)

Factor d.f S.Sq. M.S.Sq,.
Variance
Ratio

Replication 4 0.088975 0.022244 2.06

Treatment 13 1.465697 0.112746 10.44 X3£

(i) Temperature i.e.
50°-60°F vs S5°-80°F 1 0.041765 0.041765 3.87

(ii) Period of heat
treatment 6 1.339842 0.223307 20.68 **

(iii) Temperature x period
of heat treatment 6 0.084090 0.014015 1.29

Error 52 0.561581 0.010800

Total 69 2.116253

** Significant at 1%



APPENDIX 93

EFFECT OF DIFFERENT STORAGE TREATMENTS Off THE DRY MATTER PRODUCTION (GM) OF

TUBERS PER PLANT AT VARIOUS STAGES OF PLANT DEVELOPMENT

50°.-60°F 65°-80°F
Period of Heat Treatment

X1 X2 b 4 *1 *2 b

1. First 8 weeks heat
treatment and then 15
weeks at 4OF.

8.6 76.4 185.4 245.8 9.2 88.6 147.0 242.4

2. First 8 weeks at 40°F
and then 8 weeks heat
treatment and then 7
weeks at 40 F.

12.4 93.6 176.0 227.0 13.6 74.2 157.8 272.6

3. First 16 weeks at 40°F
and then 7 weeks heat
treatment.

22.8 103.4 167.8 223.2 11.2 101.8 125.4 190.0

4. First 16 weeks heat
treatment and then 7
weeks at 40 F.

9.5 69.4 158.2 166.2 4.98 14.10 87.4 128.8

5. First 8 weeks at 40°F
and then 15 weeks heat
treatment.

26.3 66.4 159.0 248.6 25.2 128.4 192.0 214.4

6. Throughout (23 weeks)
heat treatment. 7.1 9.9 29.2 27.7 1.8 6.0 15.8 21.2

7. Throughout (23 weeks)
at 40V 8.7 97.0 158.4 301.2

i

8.5 91.0 194.2 266.6

S.E. Temperature x Period x Date of lifting + 15«9



APPENDIX 94

EFFECT OP DIFFERENT STORAGE TREATMENTS ON THE DRY
MATTER PRODUCTION (GMS) OF TUBER PER PLANT AT

VARYING STAGES OF GROWTH

(ANALYSIS OF VARIANCE)

Factor

Replication

Date of lifting

Error 'a'

Treatment

(i) Temperature
(ii) Period of heat

treatment
(iii) Temperature x period

of heat treatment

Treatment x Date of Lifting

(i) Temperature
(ii) Period of heat

treatment
(iii) Temperature x period

of heat treatment

Error 'h'

Total

d.f S.Sq. M.S.Sq.
Variance
Ratio

4 6473.99 ) 1618.50 -

3 1368540.32 456180.11 258.14 XX

12 21206.19 1767.18

13 503303.87 38715.68 30.54 XX

1 6312.98 6312.98 4.98 X

6 477402.84 79567.14 62.76 XX

6 19588.05 3264.67 2.57 X

39 279762.76 7173.40 5» 66 XX

3 5294.79 1764.93 1.39

18 241099.33 13394.41 10.56 XX

18 33368.62 1853.81 1.46

208 263680.08 1267.69

279 2442967.21

K3E Significant at 1$ R Significant at 5%
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EFFECT OF DIFFERENT STORAGE TREATMENTS ON THE DRY MATTER PRODUCTION (GM) OF

FOLIAGE FEB PLANT AT VARIOUS STAGES OF PLANT DEVELOPMENT

50°.■60°F 65°--80°F
Period of Heat Treatment

*1 12 5 X1 12 X3 X4

1. First 8 weeks heat
treatment and then

15 weeks at 40°F.
24.2 57.2 61.0 28.6 20.8 50.2 54.2 18.8

2. First 8 weeks at 40°F«and
then 8 weeks heat
treatment and then 7 weeks
at 40°F.

19.8 60.4 55.0 1SL2 24.8 46.4 47.2 22.6

3. First 16 weeks at i+0°F and
then 7 weeks heat treatment.

27.6 49.6 46.O 19.6 15.8 40.8 38.4 23.2

4. First 16 weeks heat
treatment and then 7 weeks
at 40°F.

17.0 40.0 54.2 11.8 13.7 16.1 39.8 24.4

5. First 8 weeks at 40°F and
then 15 weeks heat
treatment.

25.9 32.8 41.0 24.5 32.8 54.8 48.0 14.6

6. Throughout (23 weeks) heat
treatment.

1.8 4.0 5.2 2.6 0.9 5.4 8.6 3.2

7. Throughout (23 weeks) at
40°F. 26.2 60.2 52.4 24.4 25.5 56.4 58.4 24.6
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EFFECTOPDIFFERENTSTORAGETREATMENTSONTHENUMBERANDSIZEOFTUBERSATDIFFERENTSTAGESOFPLANTDEVELOPMENT
50°-60°F

Daysafterplanting
64

85

103

Periodof
HeatTreatment

SizeLimitsSizeLimitsSizeLimits(om.)oftuber(cm.)oftuber(cm.)oftuberTotalTotalTotal
0-11-33-5>5
0-11-33-5>5

)-11-33-5̂>5

First8weeksbeattreatment andthen15weeksat40°F First8weeksat40°Fandtben8weeksheattreatmentandthen7weeksat40°F First16weeksat40°Fandthen7weeksheattreatment First16weeksheattreatment andthen7weeksat40°F First8weeksat40°Fandthen15weeksheattreatment Throughout(23weeks)heat treatment Throughout(23weeks)at40°F
9.015.0--24.04.03.69.k1.018.00.64.87.82.816.0 6.87.60.8 7.611.61.4 14.28.00.6 7.49.62.8 3.05.80.2 6.810.80.6

-15.23.45.810.80.620.61.05.06.03.215.2o -20.61.43.68.41.615.01.42.86.62.613.4
-22.80.24.89.80.215.01.08.07.61.618.2

-19.81.27.26.41.015.80.66.64.62.414-2
-9.00.85.20.8-6.80.65.81.40.28.0 -18.23.86.213.81.024.81.65.09.01.016.6

0, 0.



T

i

'1———-— 65°-80°F
Daysafterplanting

7^66U85103
126

Total

SizeLimitsSize {^Z)of"tu6er(em?)of"tu?er(cm.)oftuber(cm.)oftuber(om.)oftuber Total
SizeLimits(cm.)oftuber

Total

Total——-
S*o-l1-33-5>50-11-33-5>50-11-33-5)5
0-11-33-5}5

,816.0 ,215.2 .613.U

0.23.29.0k.216.612.1»13.6--26.0u.lt9.1t11.21.026.02.07.86.U1.417.60.25.810.23.219.4 0.43.04.24.412.06.412.00.4 0.85.68.42.617.47.04.81.4
.618.2V_5#28#0u61k,Q13.09-8- .41^*2 .28.0 .016.6

;0.46.69.43.019.410.214.01.8- -3.40.40.44.21.41.80.2- ~5.68.25.419.211.612.2-
18.82.04.09.20.615.82.07.47.62.019.O 13.22.65.89.43.020.81.24.46.20.812.6 .22.82.47.22.2-11.80.83.45.80.410.4 26.06.03.614.41.225.21.43.46.64.015.4 3.40.63.01.0-4.61.64.80.6-7.0 23.83.23.89.01.817.80.45.88.62.217.0
-5.811.203-020.0

0.25.67.42.215.4 0.43.27.80.812.2 0.65.67.42.816.4 -1.21.4-2.6
0.84.29.84.219.0


