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PREFACE

Perishable commodities show the greatest possible
seasonal fluctuations in supply and prices. Adeguate
facilities for thelr cold storage forms an essential
feature of a proper system of distribution, inasmuch as
it insures controlled marketing, rational distribution
and the elimination of waste and deterioration of quality.
The need for proper cold storage 1s particulerly felt in
tropical countries like India, The Royal Commission on
Agriculture in India reported in the following terms:

"Cold storage is in othgr countries playing such
a remarkable part in the marketing of goods, with
results so generally profitable to the private
enterprise, as well as to the farmer, that we do
not doubt that sooner or later there will be a
similer development in India."

Cold storage of seed potatoes is one of the urgent
storage problems, In many parts of India, potato 1s a
winter crop--planted in October and coming on the market
in February. Seed potatoes for this crop are grown on
certain hills in spring and harvested in May. At high
sumer temperatures, more than helf the seed stock is
demaged and the balance is not fit for seed, Therefore,
cold storage plants of sufficiently large capacity to

warrent their economicel running, are necessary to be
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set up elther by private enterprise or sponsored by
the Government,

In this manuscript, the vwriter has attempted to
discuss the need of the problem, the physiological
aspects of the potato storage, and application of engin-
eering factors to the design of cold storage house,
refrigerating machinery end auxiliary equipment. The
discussion is more or less complete so that a horti-
culturist, an insulation contractor and a refrigerating
engineer can all take advantage of the data collected,
design factors used and methods involved.,

The writer is very much indebted to Donald J,.

'Renwick, Assistant Professor of lMechanical Engineering,
under whose guldance this work was underteken. The
sincerest thanks are also due to Professor L. G. Miller,
Head and other members of the Department of Mechanical
Engineering for constant aessistance and sympathetic.

attention.

East Iansing, Michigan B. J. RAMRAKHIANT
1y, 19.8
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I. INTRODUCTION

A. Potato Production in India

Climate and Soil

The potato is an important commercial and cash
crop in India* being worth 30 million dollars a year.
The share of India both in world acreage and production
is near one percent. The potato 1is a cool climate
plant which grows best in regions where the mean temp-
eratures are relatively low, generally not exceeding
70°F. and where ample soll moisture is available during
the growing season. Adequate moisture is especially
important from the time tubers begin to form until
shortly before the harvest., Well drained sandy, gravely
or shale loam soils are well suited for potato pro-
duoction because they generally yleld brighter skinned
and better shaped tubers.

Areas

The main areas of concentrated production lie in
the North, as the winter climate, sandy loam soil of rich
Indo-Gangetic Plains and ample soil moisture due to mon-
soon rains make the area 1deal for potato growth. The

*political map of India including Pakistan is shown
in Fig. 1, The statistical information collected

in this book is from the Report on the Marketing of
Potatoes in India and Burma (1). These figures a re
for the year 1940 and include those for Pakistan.

Note: The numbers in parenthesis indicate reference
in the Bibliography.
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United Provinces, Bihar, East Bengal and West Punjab
account for more than 80 percent of the acreage. Else-
where in the South, the production is mainly confined to
the Nilgiri Hills. An upward trend in the acreage of
potatoes 1s noticeable. According to the available
figures there has been an overall increase of about 12
percent from 1930-31 to 1937-38.

Crops and Seasons

The potato is the most widely grown of all veget-
ables in Indias and covers about 500,000 acres in culti-
vation, of which about 90 percent are estimated to be
grown on plains and the remainder in the hills. Generally
two orops, one in winter and the other in summer, are
ralsed in the plains and submontane tracts. The winter
erop is by far the most important and represents 90 to
95 percent of the total potato arsa in the plains. Con-
versely, about 80 to 85 percent of the potatoes in the
hills are produced in summer orop. The planting of the
winter ocrop in the plains usually begins in the middle
of September and continues until the end of November.,
In the hills, the summer orop is usually planted during
February until March., The harvesting seasons vary
through longer ranges, and generally speaking, harvesting
of winter orop in the plains is during February-April and
that of summer crops in the hills during May-June.



Production

India produces annually about two and one half
million tons of potatoes of which about 8 percent are
produced in the hills and the remaining in the plains.
The United Provinces with an annual production of one
million and one hundred and fifty thousand tons is the
largest producer in India and accounts for 46 perocent of
the total production in the country. Bihar rates second
and acocounts for 20 percent. West Bengal produces 10
percent and the rest in West Punjab, Nilgiris and other
areas, Areas of concentrated production are shown in
the map. (Fig. 2).

Seed Supply

Production of seed in India is a relatively new
enterprise. Originally, large quantities of seed stook
used to come from foreign countries, particularly Italy.
At present, total quantity retained for this purpose in
India amounts annually to 400,000 tons or 16 percent of
the total annual production. Bihar and the U. P. (United
Provinces) are the most important provinces in this re-
spect and account for 80 percent of the total quantity
retained for seed. In addition to local supply, seed
potatoes are still imported from Italy at Bombey, par-
ticularly for South India at an average of 10,000 tons
per year during July-December. Centers of seed supply
are shown in map (Fig. 3). It is reported that the

Italian variety deteriorate in the course of a few years
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under Indian econditions and so fresh supplies have to be
obtained to renew the stock, Deterioration of gquality of
agricultural production can only be prevented by contin-
uous renewal of seed of the highest quality from stock.,
The solution of the problem, therefore, lies in the
production of fresh seed stock within the country, though
for some time, the seed grown in India will have to depend
on imported foundation stock of highest quality and suit-
able for tropical climate, Produstion of satisfactory
certified seed requires special skill and care. But ad-
ditional expense of producing certified seed in India is
generally justified, This would ultimately help in in-
creasing table stock production to a very great extent,
The Principal requirements of seed ocertification will be
discussed later.

Diseases and Insects

Potato diseases (12) in general are caused by fungi,
bacteria or viruses., Important fungus diseases are early
blight, late blight, black serub and common scab., Dry
rots may ococur during storage. Bacterial diseases are
ring rot, brown rot and black leg. Virus of degeneration
diseases are mosaic, leaf roll, spindle tuber, yellow dwarf
and spindling sprout. Other diseases are hopper burn,
black heart and wilt or blue stem, Occasionally, diseases
may be due to physiological causes during storage, i.e. to
wrong storage temperatures and long exposure of the tubers

to sunlight.
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Again there may be insect species that are found
feeding on the potato plant like potato moth and beetle,
and they may be carried from one orop to the other,

Seed Selection

Ccontrol of insect pests and diseases is a big
problem in producing more pétatoes. But, nothing is so
important in the control of potato diseases as the sources
of supply and quality of seed. The best way is to buy
nothing but certified seed. The s30il may be of suitable
type, with sufficient moisture and fertility, but if the
seed 1s of poor quality, maximum ylelds will not be pro-
duced despite seed treatment, spraying and good cultural
practices. It has been found almost without exception
that high yields are obtainable with certified seed.
The principal advantage of certified seed 1s the assurance
that it is practically free from ring rot and such virus
diseases as mosaic, leaf roll and spindle tuber. Hill
selection is also of some value: by selecting seed from
high yielding hills, a better grade of stock can be ob-
tained. This shows how important it is to produce good
certified seed and take greatest care during its storage.

As a result of extensive inquiries, it has been
calculated that the weighted average yleld for India is
109 mounds or 150 busheis per acre--largest yleld per
acre being 200 mounds or 275 bushels in Bihar. In other
countries of the world Belgium tops the list with an
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average yield of 224 mounds or 305 bushels per acre. The
comparatively poor yield in India is mainly attributed to
a relatively low standard of cultivation and to the fact
that growers do not attach sufficient importance to the

selection of seed used.

Inspection and Certification

Seed potatoes should be uniform size a nd quality,
true to variety and free from dldeases and mechanical
defects, Commercial seed stocks in India are badly mixed,
often wrongly named, unproductive and infected. Although
seed certification and inspection has not yet been made
statutory responsibility in India, these regulations,
when adopted, would follow the same pattern as that in
other countries. In the U.8.A., this extends from the
time of planting until storing or transporting the crop.

Conditions required for inspection service (27)
cover the selection of soils and plots, seed treatment
and care.during cultivation. In general, three inspec-
tions are made, two on the field and one after harvest.
The first field inspection is made as early as possible
to identify diseases; the second between the time of
flowering and the time just before the vines mature;
and the third after the crop is graded. Then they are
sometimes bin or crate inspected after storage and
shipping inspection of seed sold in lots. As, in this

work, we are concerned with storage of seed potatoes,



- wus. e




-7-

the reproduction of storing regulations will be worth:

1. Potatoes grown for certification must be stored
under conditions where there is no danger of their
becoming mixed with uncertified stock. A certain
seoction of the warehouse or cellar should be de-
voted to the exclusive storing of certified seed
lots.

2, Certified seed potatoes must be stored in cool,
well-ventilated ocellars or houses. Where certified
potatoes are stored in large piles, provision must
be made for properly aerating the piles.

3. The grower will be held responsible for any injury
due to frost, storage rot, etc., which may develop
in storage.

To bring the seed production in India in line
with other progressive countries, provincial and state
governments should take steps, under the auspices of
Indian Potato Research Institute (which is being set up
and is described later) to improve the quality of seed
potatoes. All the existing varieties grown in each zone
should be collected and studied carefully. A detailed
desocription of the characteristics of every variety
. Should be drawn up, so that it might be easily recognized.
Suitable varieties giving the best yields in different
localities should be selected and classified.

In every case pure stock should be raised and kept
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in good condition in storage for next planting. Pure
stock of different varteties should also be raised in
Government Farms and Experiment Stations and made avail-
able for distribution to cultivators who undertake to
maintain purity of stock. It 1s only when sufficient
seed stooks have been raised that seed certification
system as prevalent in the U.S.A. and the U.K. can be
adopted with success.

Grades and Size Classification

Potatoes are usually standardized according to
their grades and size classifications. The certified
seed potatoes are required to fulfil certain standards
of grades and sizes., In India, standardization of
grading has not been extensively adopted. Grading varies
with different areas. In the absence of definite grades
and standards it is difficult to compere prices in
different markets, give estimates of weights contained
in certain containers and is hard to make transactions
without personally seeing the stock. Position is worse
in case of seed stock, because factors such a s the
presence of other varieties and of diseased tubers,
their condition, unirormity of size are of grea t im-
rortance. Due to this need, tentative grades for seed
potatoes have been drawn up under the Agriocultural Produce
(erading and marketing) Act, 1937. The potatoes are being
graded to some extent since 1939.
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Grading can be doneveither on the farms or at the
shipping or storage points. In the case of seed potatoes,
the bulk of the preparation for market is usually done by
hand on the farms. This would minimize handling due to
grading or sorting at the terminal point and would also
leave the storage of the product at the sole responsi-
bility of the producer. But, in case farmers wish to
avail of the grading facilities at the storage house, they
may do so, preferably when the stock brought in from the
field is all intended for storage; otherwise owner of the
storage house may charge higher premium on grading.

Potato Research

Until a few years ago, very little attention had
been paid to potato research. Imn 1940, the work of po-
tato research was stimulated under the aegis of the
Indian Council of Agricultural Research. TUnder the cold
storage gcheme at Poona financed by the Council, con-
siderable work has been done on the effect of storage
conditions on germinating capacity and the chemical
changes that take place during storage of seed.

India has vast areas of agricultural land suitable
for the production of potatoes, but in spite of such
potentialities, it has been stated earlier, its annual
rroduction is very low, production per acre extremely
low, and wastage due to disease and other factors very

high, ©Problems relating to nature, variety and quality
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of seed requirements under different soil and climatic
conditions, improvement in yield and prevention of dis-
eagses and loss during storage should form important items
in the program of research work.

A proposal (17) to set up a Central Potato Research
Institute for the development of co-ordinated fundamental
research on all aspects of potato production and utili-
zation, including a central seed certifying station for
seed supply to the Provinces and States, is now under
examination by the Government of India,

The Central organization will consist of (i) a
main institute to be located probably in Bihar supported
by three complementary research sub-gtations in the hills
in North India; (ii) three research sub-stations sit-
uated, one each in Bengal, Western U.P. and the Nilgiris
and (i1ii) a seed organization for initial multiplication
of improved seeds in a disease-free state and supply to
the Provinces and States. The main institute will be
located in Bihar, as it is an important seed-potato
growing area, which exports more than 60 percent of its
produce as seed to other Provinces and represents typical
conditions for potato growing.

The primary object of the seed certificatiomn or-
ganization will be to insure that no diseased seed is
used for potato growing. This will help in meintaining
the purity of improved varieties. In order that the high
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yielding potentialities of 1m§roved varieties be main-
tained, for a number of years, it is necessary to use
certified seed. The possibilities of improving and popu-
larizing the potato crop in India lie in the direction of
the evolution of higher yielding varieties for different
climates and soilas, the production of seed potatoes,

the elimination of diseases which attack the crop 1ﬁ the
field by producing disease-resistant varieties and the
improvement of seed storage so as to prevent loss of rot

and inspect pests.

B. Storage

Although the seasons of harvesting of potatoes in
different parts of India overlap to some extent, there
remain considerable gaps, particularly during long summer,
and it is therefore necessary to store potatoes to meet
the demand in the off-season, In the plains, the pro=-
duce of the winter orop is generally stored as it keeps
better. In the hills, the bulk of the summer crop which
comed in April-June is stored. Since in this manuscript,
we are concerned with storage of seed stock, we would not
deal with the subject of general potato storage in detail,
but would confine our attention to the need and methods
of storage of seed.

Present Method and l.osses

In Bihar, seed potatoes are stored in large quan-
tities for a period of five to six months in the hot andl
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rainy season (April to Ooctober). In the U.P., large
quantities are stored for seed purposes in the districts
of Farrukhabad, Jaunpore and Merrut. Present methods of
storage are very orude. The godowns used for storage are
built on a higher plinth and are usually surrounded by
other buildings to keep them dry and cool. Before storing,
potatoes are kept in the open for some time so the sur-
face moisture may dry up. Potatoes are stored in sand

as they keep better and are protected to some extent from
the potato moth. During the period of storage, sorting
is carried out many times and diseased and damaged tubers,
due to warm temperatures of storage and heat of respira-
tion, are removed. In the hills, seed potatoes are
buried in pits dug out for the purpose.

Losses in storage are very high and quality of seed
is very low due to deterioration and shrinkage. It is
generally believed that losses due to decay and shrinkage
from Mareh to June, i.e. after harvesting and upto the
outbreak of monsoon, vary from 25 to 4O percent. If
potatoes are stored until September-October, as in the
cagse of seed potatoes in the U.P., Bihar and Bengal,
losses are usually 50 to 65 percent. In certain cases,
losgses are as high as 60 to 80 percent and what is left
is not worth seed, not to talk of certified seed. The
annual losses in storage and in the process of marketing

and handling, at a very conservative estimate, amount to
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500,000 tons valued at 6,000,000 dollars.

Need of Cold Storage

It was stated that in Indla, potatoes cannot be
successfully grown in the plains during the summer and
hence seed stock is not avallable for main orop. A
possible solution would be to produce greater quantities
and better varieties in the hills during the summer.

But, the difficulty is higher cost of transportation
from the hilly areas. Bombay imports potatoes mainly
from Italy for seed purposes. It has already been
mentioned that the Itallian seed deteriorates in the
course of a few years under Indian conditions and so
fresh supplies have to be obtained to renew the stock.
Further, it i1s neither safe to depend on foreign sources,
nor are the imports large enough to meet the seed require-
ments of the main crop. The solution of the pioblan,
therefore, lies in the production of fresh seed stock
within the country during the main winter crop or in
spring on the plains and carry it over to the next winter
orop.

The percentage of losses in seed potatoes stored
in the plains under present methods is very high, par-
ticularly for long periods of storage. In spite of high
transportation costs, the U.P. Government are trying to
have supplies of seed from hills where conditions for

storing spring crops are more favorable. Still, much of
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the seed stock can only be grown on the plains in the

U.P., Bihar and Bengal. It can be kept under controlled
conditions, such as low temperature, high humidity and
good aeration, only under refrigerated warehouses, lo-
cated in the centers of produetion. Storage can be
carried satisfactorily for 5 to 6 months of summer until
planting of the main orop, that is, until September-
October,

Losses in cold storage are very slight if the stor-
age stock 1s of good quality. Aoccording to experiments
and observations made by the commercial concerns, the
loss in co0ld storage for five to six months may vary from
2 to 6 percent only.

As already pointed out, the actual quantity of
potatoes for seed retained every year is about 400,000
tons. But the average seed requirements of seed per acre
in India is 8 ocwt. which gives total seasonal require-
ments for total acreage (500,000) to be 200,000 tons,
which is half of the total quantity retained at present
at harvest. ‘'he reason is the great loss of potatoes
during the long storage period. If the losses in ordin-
ary storages averaged 45 percent, this quantity can be
saved for next seasons requirements; or only 55 percent
of the normal stock stored need be taken in storage, if
refrigerated houses are installed, The prices of po-
tatoes during March and April range from L4L5¢ to 75¢
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per mound (82 1lbs.), while during the period of July
to November they range from $1.50 to #6.25 per mound,
Thus, there is a big difference in price during the two
seasons and there is an additional advantage for the
farmer or merchant to make substantial profits at the
time of planting the next crop. The potatoes will be
of better quality which will give greater yield per acre
to the cultivator who purchases his seed requirements
from the cold étorage depot. ‘herefore, there is three-
fold advantage of installation of cold storage plants in
Northern India. |

Economical Size of Cold Storage

The size of the warehouse 1s determined mainly
from two considerations: firstly, the capacity should
be large enough to warrant cost of refrigeration mach-
inery installation with all its maintainance, management
and incidental expenses; and secondly, the warehouse
should have continuous and sure supply of the commodity
to be stored in sufficiently large quantities, every
season during proper loading season, The more the pros-
pects of getting large quantities of produsct to be stored,
the larger will be the size of the storage and the more
économical will it be in its first cost and running cost.
Hence, areas of concentrated production can afford to have
bigger storage houses. There are a few other consider-

ations which may count: For instance, a cold-storage
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plant near the city may prove costly in running and,
hence need be quite lafge, if a supply of stored product
is assured; a small plant with combined facilities of
storage of products other than seed potatoes may also
prove economical; or cold storage plant forming a small
vard of a big factory may carry on with its existing
power and water resources and other facilities.

In case of potato storage, there is one more con-
silderation which seems quite important. During the
loading season (April-May), refrigeration load will be
at 1ts peek value; but during storage period (June-
October) which is probably hottest and the most oppressive
season in India, the refrigeration load will hardly be
one-third to one-half of the peak load (computations
given later). Hence, ice manufacturing can profitably
be carried on during this hot period, if there is ample
demand for ice in that locality and nearby towns. Ice
will come as a by-product with a little extra equipment
like ice tank and other accessories, and will make the
entire plant very economical.

All of these considerations should be taken into
account in the order of their local importance while
planning the size of the co0ld storage plant for seed
potatoes. It would seem from past experience that a
cold storage plant having capacity of 660 tons of seed
potatoes with an ice plant would be the minimum size
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that could run economically. Larger plants of about
2000 tons capacity could be installed in areas of con-
centrated production and 1000 tons potato storage
capacity may be taken as the average size.

Number of Cold Storage

About 20 potato and general cold storage houses
are existing in India, but they are not generally availed
of due to their location being either in big cities or
port towns (for imported stock), which are far from
farms and transportation is not so easy and cheap.
Previously, people had not realized the advantages of
cold storage and few had seriously thought of utilizing
the cold storage facilities for a cheap and semi-perish-
able commodity like potatoes. The importance of cold
storage is, however, being realized gradually, and in
the case of long storage necessary for seed stock, the
cold storage is almost unavoidable,

Taking total seasonal requirements of séed
potatoes for main (winter) crop to be 200,000 tonmns,
about 180 more cold storages of 1000 tons average capacity
are still required throughout India, but concentrated
at centers of seed potato production. This is, of course,
a target figure based on present acreage under potato
crop in India, but it is very evident that there is a
good scope for many cold storages at or near the farms

in the near future. We havé not taken into account that
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aome storages may even store potatoes for table use to
be carried to later part of summer, or some general
storage houses may offer other services like storage
of apples, fish or poultry in separate rooms, if the
storage houses are suitably situated to carry on that

Job too.
Location of Plants

Location of cold storage houses usually should be
determined by marketing practices., They should be in
proximity to users, public markets, produce dealers,
commission merchants and the like. Location should be
such that ecost of trucking is a minimm and storage is
easlly accessible to motor trucks, If produce is shipped
by raillroad, a storage on a railroad siding may be de-
sirable.

Other important factors are: nearness to the
farms, topography of the locality, the availability of
power and the availability of water supply for cooling
purposes.

Taking all these factors into account, potato
storage houses cannot be built on northern India hills
due to the difficulty of transportation and market
facilities, even though good qualities of seed potatoes
can be grown there. Similarly, storage near the big
cities will generally be far from production areas and

may prove costly. Farm storages are also not practicable
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due to small sizes of farms under potato production and
due to unavailability of power and market facilities.

The best proposition would be to locate the storage
houses in medium sized towns near the production areas,
which have electric power and water supply, have im-
portance as potato trade centers with railroad facilities,
and in addition fair public demand for ice in the
locality.



IT. PHYSIOLOGICAL ASPECTS

A. Prerequisites for Storage

Harvest Time and Maturity
Much of the investment in a potato crop can be

lost through carelessness in harvesting and in storage.
Tuber development in late varieties continues over a
period and ceases only when the plent is mature. As
the potato tuber approaches maturity its keeping quality
improves. Also, immature potatoes do not store so well
as do mature potatoes because of a thinner skin which
results in more rapid loss of water and hence in
greater shrinkage. Injuries are more prevalent in
immatére than in mature potatoes because of their thin
skins and brittleness. But to eliminate current-year
infection by virus diseases, potatoes for seed are
sometimes harvested early before disease-carrying in-
sects becomeé numerous. The claim for superiority of
immature potatoes for seed is not Jjustified on any
chemical or physiological basis but-is due to greater
freedom from degenerative diseases in the immature
seed (3). A better practice adopted on the hills,
where the temperatures through day and night are not
very high, is to pull the tops and leave the tubers in
the ground for some two weeks for the natural maturing
process, during which the skin becomes toughéned. In
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hot, dry weather this practice may prove harmful and
it would be enough to confine the digging to early
morning or late afternoon and leaving the tubers on
the field overnight,

Harvesting and Handling

Seed potatoes required for storage should be
free from mechanical injuries. Usually potatoes for
table use are picked in long narrow baskets fastened
to the back of a person. They are then transported
to the storage house, graded and either dumped in the
pit storage or transferred into cerages for cold stor-
age. Careful handling of the seed ocrop at harvest
time will be bound to pay for its efforts. Mechanical
- injuries to tubers incurred during the harvesting and
handling processes have a very marked influence on the
shrinkage and decay loss during sufficient storage.
For these reasons, hand picking is preferable to
harvesting even with a padded digger, in case of seed
tubers; and handling in crates preferable to baskets
or barrels as less bruising results (35).

Typical losses in weight from shrinkage and
decay during storage following various methods of
handling are Bhown in the table below (35):
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Percentage weight loss in storage

Treatment 1 month 7 months
Immature Tubers:
Carefully handled 3.05 8.07
Normally handled 5.04 11,70
Mature Tubers:
Carefully handled 2,08 549
Normally handled 3.78 8.L45
Grading

Before going into storage, potatoes should be
graded in a grading machine or otherwise. Managers of
potato warehouses should encourage growers to do more
hand sorting in the field at the time of picking, as
this would eliminate extra handling, reduce the need
for so much mechanical sorting and mechanical ingury
caused by grader. Grader should be equipped with a
roller type picking table to facilitate the removal of
scabby, off type, cut and otherwise undesirable potatoes.
All oversized, rough or growth cracked potatoes should

be removed.

B. Storage Behavior and Conditions of Storage

Introductory
A potato in storage is a living, breathing plant

tissue., As it breathes, carbon dioxide, moisture and
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heat of respiration are given off acocompanied by loss
in weight or shrinkage. Perhaps the most thorough
studlies of potato storage have been made at Cornell
University Agricultural Experiment Station in 1933.
The data collected from storages in two houses in
Ithaca, New York (35) show that:

(a) The greatest shrinkage loss of potatoes occur
during the first month and the sixth and seventh months
of storage. Shrinkage during the first month appears
to be due largely to excessive evaporation and a high
rate of respiration through the injured and uncorked
surfaces of the tuber; whereas the inorease in loss
during the last two months occurs simultaneously with
excessive sprout growth and increase in temperature.

(b) The highest rate of respiration of the tubers,
similarly occurs immediately after harvest. The rate
then decreases rapidly, even if the tubers are placed
at a comparatively high temperature. The rate again
increases with resumption of growth subsequent to the
dormant period.

(¢) Lose in weight of potatoes due to respiration
is very small in oomparison with the loss in weight
caused by water,

() Immature tubers lost more weight than did
mature during storage periods of one, three and five
months duration. During seven months storage period,
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however, physiological loss in weight was greater in
mature than in immature lots. This increase in loss of
weight of the mature over the immature lots therefore
ocourred during the sixth and seventh months of storage.
It was concluded that the mature tubers terminated their
dormant period sooner than did the immature tubers, de-
pending largely on the internal envirommental conditions
of astorage house.

Storage

From the above discussion, it is clear that the
whole storage period can be divided into three parts:
(1) curing period, (2) the holding period, and (3)
warming-up period.

(1) Curing Period: It was shown above that
immediately after harvest, potatoes even if not ingured
lose weight faster than during any subsequent period.

At harvest time, the periderm of the tuber is only
partly formed. The process continues for sometime de-
pending on the temperature and humidity of the air
surrounding the potatoes. Ideal temperature for rapid
growth of this "thick skin" seems to be between 60° and
70° F., and the best humidity is near saturation. This
"healing" can be accomplished by providing these storage
conditions for the first week or two after harvest time,
and is reported to have materially reduced weight losses
throughout the remainder of the storage season. Curing
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period temperature i1s usually easy to maintain; but

when several weeks are required to r£ill large storage
rooms, as may be the case in seed stock from the hills,

it is better not to cure all the potatoes because the
first lot stored may be held too long at 60°F. temperature
or above (14).

(2) Holding Period: Experimental results (37)
show that dormancy of the tubers could be maintained
indefinitely at temperatures of 36°F. or below, but
that at 4LOCF., scme germination was almost certain to
ococur if the storage period was prolonged much beyond
six months. In the same experiment, average loss of
weight for Irish cobbler variety for normal storage
was found 3.7% at 32°F., 1.55% at 36°r., and 3.42%
at LOCF., for storing in barrel. Results for other
varieties were similar. It has been suggested that
the greater welght loss of sound tubers stored at the
lower temperatures is due to slower "corking"™ of the
periderm. The general conclusion to be arrived at
from numerous widely separated tests is that seed
stored at 36° - 40° F. are almost invariably more
productive than those stored at 32° - 35° F. (L4).

For the normal potato storage period, room temperature
of 36° - 38° F. with 85 to 90% humidity would prevent
germination and at the same time insure as low a trans-

piration and respiration loss as is desirable. Under
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36° - 37° F. storage with high humidity, seed stock
can be stored from six to eight months, depending upon’
variety. Earlier varieties cannot be stored as long
as late ones. Again, it 1s better to store seed stock
at a 1little higher temperature, say 38°F. for early
planting. Seed desired for late planting should be
moved to about 36°F. after about three to five months.

(3) Warming Period: It is known that respira-
tion is greatly accelerated when potatoes are moved
from a low to a higher temperature. This indicates
that a rather abrupt increase in physiological activity
occurs when potatoes are taken out of cold storage.
Because of this and also to give seed potatoes an
opportunity to begin sprouting before planting, potatoes
are warmed up for certain periods. A fairly good in-
crease in yleld has been obtalned from seed removal
from storage and held for 12 days in a room temperature
of approximately 70°F. as compared with the yield from
similar stock planted direct from storage.

Ventilation and Aeration

Ordinarily, ventilation is used only as a means
of controlling the temperature and the humidity of the
alr in the storage, as in common storage or forced
circulation refrigerated system. If the temperature
and the humidity are maintained at the proper level,

as in direct expansion or brine coil system, usually
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no further ventilation is needed to provide for air
exchange for the respiratory process. Little attention
need be given to the Carbon Dioxide, as storage construc-
tion 1s seldom so tight that the gas accumulates in
quantities where it would either be beneficial in re-
tarding respiration and sprouting, or where greater
concentration would be detrimental in promoting black
heart. On the contrary, ventilation has a disadvantage
in that the ventilating air also removes and carries
away moisture from the stored product and atmosphere.
Therefore refrigerated seed storages are constructed
80 as to permit the least leakage or infiltration of
outside alr. But, continuous air circulation is needed
in the storage, for the purpose of equalizing the temp-
erature and humidity in different parts of the storage,
thus preventing freezing or condensation and develop-
ment of mold and sprout growth.

Condensation

If humidity is maintained at high level, no
moisture will condense on cold surfaces or on the top
layers of potato boxes or crates. If the temperature
is kept low, say 34,°-36°r. usually no harm will result
from development of deecay even if slight moisture con-
denses. Still it 1s good practice that the chance of
condensation be avoided by maintaining high humidity
and uniformity of temperature throughout the room.



Sweating
This results in condensation of atmospheric

moisture on cold products removed suddenly from stor-
age. It is higher when relative humidity of atmosphere
is higher. It should be prevented as it favors the
development of decay. This can be done by allowing
the product to warm up gradually before taking out of
storage. In the storage of seed potatoes, it has
already been suggested to warm up stock in a room to
70°F, for about 12 days for reason of increased yield;
so,sweating is out of the question.

Freezing Injury

It is of great importance to the commercial cold-
storage man to know the exact freezing poinbs of the
product that he handles. Furthermore, knowledge of the
freezing point of a commodity may be of speclal advantage
to the warehouseman in case of alleged freezing damage.
Freezing-point determination made on 14 different com-
mercial varieties of potatoes averaged 28.9°F. (47).
But freezing or freezing injury does not always occur
when the frults or vegetables are exposed to tempera-
tures at or below their true freezing point. This is
shown in investigations on potatdes in which tubers
were cooled as much as 10°F. below their freezing point
and were again warmed up without injury and without
having become frozen. In view of this fact, the average
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freezing point given above should be considered only
as the danger point at or near which, either above or
below, there is a possibility of freezing injury if
exposed for a sufficient length of time. In a cold
storage, there 1s great likelihood of temperature of
storage falling and remaining low for quite a long
time unnoticed. Special care and constant supervision
should be given to maintaln constant temperatures well
above average freezing point. This care ig particularly
important for seed stock. Even slightly damaged tubers
are not fit for seed because of the rapidity of rotting
of the seed piece by killing their tissues. Freezing
injury on the field is rarely possible in India in
the winter orop, as the temperatures rarely go below
29°F.

Storage Sanitation

Potatoes should be placed in a clean, disinfected
storage. The storage interior should be free from refuse,
dirt and mold. ZEmpty storage should be disinfected with
sodium hypochlorite or copper sulphate solution. The
rooms should be closed for a few days following the
apptication, before next fresh supply is brought in.
Rooms should be washed out and cleaned once every three
months. Potatoes in storage should be handled carefully
to avoild bruises and cuts; otherwise they are likely to
be damaged by various forms of decay before the end of
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storage period. Potatoes should not be stored in the
same room with fruits, nuts, eggs or dairy products
because of the objectionable flavor they will impart,.
For instance, potatoes stored with apples will cause
the latter to absorb the potato odor and taste to the
extent of making the apples unsaleable. Hence, if
storage of any other commodity is intended, it should
be made in exclusively separate room. For the purpose
of this thesis, we will consider that only potatoes
are handled, mainly for seed purpose.

Inspection

Potatoes should be inspected by a qualified in-
spector when received for storage and again within
30 days. The frequencies of inspection thereafter will
depend upon the condition of the stock as determined
by previous inspections. Big warehouses can afford to
employ their own inspectors or inspecting agencies.
But small storage houses handling only one product like
potatoes cannot afford to seek such service. If need be,
government may keep an inspecting staff on a non-profit
basis. The inspection certificate is an authoritative
document for both parties and would, in most ocases,
avoid disputes on the quality of the product before

and after storage.



-31-

C. Conditions After Storage

It was pointed out under "Warming Period" in this
chapter on Conditions during storage that respiration
is greatly accelerated when potatoes are moved from a
low temperature to a higher one. Again, it has been
shown by Kimbrough (22) that after a storage period
which 18 long enough to cause the maximum respiration
rate, the period in the storage life of the lubers
seems to have no appreciable influence on the respira-
tion rate when potatoes are removed from storage. The
rate of respiration after removal is therefore independ-
ent of the length of storage.

To avoid sudden changes from co0ld temperatures to
higher temperatures seed should be warmed up in storage
by shutting off a portion of refrigerating load, until
the whole stock is either disposed of or transported.
But when sudden changes do occur, or when first lots
of seed stock are removed from cold storage for transit,
special attention must be given to the ventilation of
potatoes, as otherwise the period of abnormally high
respiration following the change of temperature may
cause the potatoes to heat and sweat, resulting in
favorable conditions for the growth of decay organisms.
They are more susceptible to black heart at this time.
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Transportation
It 1s important that when the seed stock is

removed from storage for planting, it should be trans-
ported as quickly as possible to the farms where they
are to be planted. For long distances, railroads
remain the largest means of carrying potatoes from
one place to another, though motor lorries are also
.used in Northern India. For seed potatoes, railroad
suthorities allow certain commission and charge one-
quarter of the usual parcel rate. But, there is no
provision in the Indian railways for refrigerated
vans for the transportation of perishable commodities
other than fish. The existing steel wagons are not
properly ventilated and insulated and iced wagons are
necessary to keep the commodity rrqm.heatbr the summer,
Some railroads have provided wooden vans for summer

transport of fruits and vegetables.



III. INSUIATION

A. Insulating Materials

Function

The function of a heat insulating material is
the maintainance of an unbelanced condition of heat
transfer against the unremitting efforts of natural
forces to restore the balance. It is essentially a
material having a large percentage of relatively small
voids containing dead air. Little, if any, convection
can take place within such a material and the solid
portions effectively screen off the radiation, so
that only conductivity plays the part in heat trans-
Ter and the low conductivity of dead air is utilized
to a much greater extent than in open air. There is
no insulating advantage in having air spaces more than
3/L inches wide because above this width the insulating
value remains practically constant. Narrower spaces
have less insulating value, and, according to the U.S.
Bureau of Standards, below one-half inch the insulating
value is approximately proportional to the width., If
these air speces are filled with any good conducting
medium like moisture, much of the insulating value of
the material is lost.

Properties
An ideal thermal insulating material for a cold-
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storage work would possess the following properties:

(1) A high thermal resistivity or low
conductivity.
Thermal

Quality (2) A low moisture absorbing capecity and
resistant to air infiltration.

(3) Fire resistant and no spontaneous

combustion,
Pgi:ig%; (4) Vermin or rodent proof

(5) Odorless

(6) ILight in weight

Structural
Quality (7) Elasticity with rigidity
(8) Not deteriorate easily

(9) Reasonable in cost
(10) Basily and cheaply applied

Cost

Classification

Commercial insulating materials are now available
in a variety of forms and a satisfactory material may be
had for almost any building situation that may arise.
Some of them possess a certain amount of structural
strength while others do not contribute to the structural
strength of the bulldings. These can be divided into two
general groups: (1) fibrous materials either in loose
form or fabricated into soft flexible quilts confined
between relatively thin layers of peper or textile, and
(2) more or less rigid boards in which the components
are bonded together in some way. Stiff fibrous insulating
boards having considerable structural strength are
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poorer insulators than lighter and coarse material.
These materials from structural standpoint can also
be classified as: (1) Rigid or board type, (2) Semi-
flexible, (3) Soft flexible or blanket form, (4) dry
£111, and (5) Wet rill.

Types

(1) Rigid or board type insulating materials
include corkboard and various kinds of lumber substitutes,
in which fibres of sugar cane (canite), wood or corn
stock are bonded together. They combine insulating
value with structural rigidity.

(2) Semi-flexible insulating materials are made
of belted fibres of flax or rye and are furnished in
sheets of various thickness. They are sufficiently
flexible to conform to slight surface irregularities
but still are rigid enough to be self-gsupporting.

(3) Soft flexible or blanket form insulators
consist of quilted fibres of suoch materials as eel
grass, kapok, hair, asbestos, wood, Jjute or flax.

Some of these materials have good insulating value.

(k) Dry fills are granular, powdered, shredded
or expanded materials such as granulated or regranulated
ecork, mineral or rock wool, shredded bark, sawdust,
planer shavings and expanded mioca.

(5) Reflectories usually consist of aluminum foil
and similar reflectors which may be applied as single
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sheets or as 'successive layers of foil. They reflect
the radiant heat from surfaces which are kept away
from other materials.

Though cheap filler type materials are generally
used for cheap farm storage, they are generally less
moisture resistant and are not packed uniformly for
low conductivity. From this point of view and for
structural stability, rigid insulating materials like
corkboard, mineral wool board and other fibre boards
are recommended for refrigerated storage houses. Be-
sides, board type insulating materials are more adapt-
able to brick, concrete block or other masonry con=-
struction and for use under conocrete floors.

Comparison and Tests

Therefore, we will compare the board type in-
sulating materials. Series of tests were conducted
by Pittsburgh Testing Laboratory, Pittsburg, Pa.,
during 1936 on corkboard and 5 other different types of
low temperature insulating boards commonly used in
cold storage (15). Tests were meant to yield in-
formation concerning the following properties:
(1) Thermal conductivity
(2) Susceptibility to moisture absorption by both
total immersion and by capillarity from partial
immersion.
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(3) Resistance of materials to compression for
direct loading and the degree of recovery
upon the removal of load. In the case of bulk
material, tendency to settle under vibration.

(4) Transverse strength of the materials.

(5) Ability of materials to withstand handling
likely to be encountered before installation.

(6) Ability of materials to withstand impact.

(7) Fire resistance or combustibility.

(8) Uniformity of dimensions--effect of humidity.

A summary of the results is given in the accompany-

ing Table.

Selection

The tests show that corkboard and Mineral Wool

insulating board compare favorably to each other, except
for the fact that the latter 1s not as fire resistant
and not as efficient as insuleting material. As in
tropical summer temperatures, fire hazard constitutes

a main faotor in building construction, mineral wool 1is
not recommended. Other fibrous boards like canite (cane
Product) and Uniflex (Jute Flax) available in India

are cheaper than Corkboard, and though an installation
using one of these competing materials may show a lower
first cost, in the longer run they deteriorate easily
and cause troudble and inconvenience. Refrigerating a

space is an expensive process and in the high range of
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temperature differential to be maintained, first cost
is often the least important cost of an installation
which is to be in constant service for say, twenty to
twenty-five years. It is the operating cost of the in-
stallation whioch goes on year after year that ultimately
is of much greater importance than the first cost. There-
fore considering only efficiency and performance of the
insulating material, Corkboard is almost extensively
used in commercial storage installations.

Specifications of Corkboard

Cork is found in the bark of a live oak tree which
grows in commercial stands surrounding the western end
of the Mediterranean Sea. The bark of the Cork Oak,
stripped from the trees every ten years roughly, is
cellular in structure. Insulating Corkboard is made by
first grinding the cork into coarse granulos; carrying
them by an air blower system to sereens and finally the
packed moulds are baked in ovens or by dry superheated
steam. No foreign binder is added. The baking melts
the natural resins in the cork and these bind these
granules together in a homogeneous mass of pure cork.
Corkboard is light in welight, yet structurally strong;
a flexible and resilient board of low conductivity that
is a fire-retardant and moisture resistant; a practical
and easily erected form of insulation which will not
settle, warp, support bacterial growth, attract vermin,
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absorb or emit odors--all these qualities amply exempli-
fied by several tests. The standard board or slab comes
in sheet sizes of 12" x 36", 18" x 36", 24" x 36" and
36" x 36", and with standard thicknesses of 1", l-1/2",
2", 3", L™ and 6". Though average thermal conductivity