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MICROBES ON THE FARM

INTRODUCTION

IT IS NOT generally realized that farmers and other people living in rural areas are
confronted with bacteriological problems not encountered by people in urban centres.

Many requests constantly are received by this department for information on sewage
disposal, water supplies, silage and other problems. Texts on agricultural bacteriology are
few, usually expensive and not always uitable. Since the printing of the widely read bulletin
No. 265, entitled: "Bacteria — Friends and Foes" (1921) by Professor D. H. Jones was
discontinued, there have been no bulletins of a general nature available for distribution.

It is hoped that the information compiled in this bulletin will be of assistance to
farmers, gardeners and country dwellers in general. Certain sections contained in Bulletin
No. 265, such as human and animal diseases, detailed canning methods etc., have not
been included, because, since that bulletin was printed, bulletins and texts are available
on these individual subjects. On the other hand, certain additions have been made in
answer to numerous requests from time to time.
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Fig. 1. Bacteria, Yeasts and Moulds.
(A) Bacteria: (1) rods, (2) spheres, (3) spirals, (4) thread bacteria, (5) organs of

locomotion, (6) spore formation, (7) capsules.  
(B) Yeasts: (8), (9) and (10) different shapes of yeasts, (11) spore formation,

(12) budding. 
(C) Moulds: (13) mould thread or mycelium, (14) formation of mould spores.

(E.H.G.)
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BACTERIA, YEASTS AND MOULDS

BACTERIOLOGY is the science which deals with the study of microscopical forms of
plant life known as bacteria. Other microscopical forms of life, such as yeasts and

moulds, also are studied. While bacteria are regarded to be the most important, yeasts and
moulds play active roles in various phases of agriculture and industry. To better
understand the activities of these microorganisms, a knowledge of their nature, shape and
other characteristics is necessary.

DESCRIPTION

Bacteria — Sometimes termed microbes, germs, or organisms, bacteria are
one-celled plants, each consisting of a minute speck of jelly-like substance surrounded by
a membrane. Bacteria are too small to be seen with the naked eye and are studied under
a microscope. They may be of several shapes, namely, spheres, rods, spirals and threads.
They rapidly multiply by each cell splitting into two daughter cells every 20-30 minutes,
resulting in millions of bacteria in a few hours. Some species can move in liquids by a
wriggling, snake-like motion while others are propelled by hair-like appendages attached
to the ends or sides of the cell. Certain bacteria can form a single resting spore in each
cell; this spore is very resistant to heat, dryness and disinfectants. Warmth and moisture
are required to germinate the spore which may remain alive but dormant for many years.
Certain species of bacteria are able to form gummy capsules around themselves, causing
the cells to cling together in slimy or stringy strands.

Yeasts — Also one-celled plants, yeasts are microscopical in size but larger than
bacteria. They usually are spherical or oval in shape, but a few species are rod-shaped.
They have no powers of movement. Some types form a number of resting spores in each
cell. Yeasts reproduce their own kind principally by budding, whereby daughter cells are
formed on the outside of the cell.

Moulds — Microscopical, thread-like plants, forming various colored, fluffy masses
or colonies that can be seen with the naked eye. Moulds may be one or many-celled and
they reproduce mainly by forming spores on specialized stalks; some species form special
resting bodies. Moulds more closely resemble true plants than do bacteria and yeasts.

DISTRIBUTION AND SPREAD

With the possible exception of great altitudes, extreme depths of the earth and in
the healthy tissues of man, animals and plants, micro-organisms are found everywhere.
Bacteria are found in countless numbers in the soil and also are plentiful in ponds, lakes,
pools and other bodies of water. They are present on the hands, face and other body
surfaces of man, as well as in body discharges. Millions of bacteria and moulds are found
in decaying materials and many are found in the atmosphere, especially in barns, stables,
poultry houses, etc. Moulds are most common in the soil, on dust and on decaying
materials. Yeasts are not so widely distributed but are plentiful on fruits, leaves and in the
soil under trees, vines and flowers.
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Fig. 2. Numerous colonies of bacteria obtained from two soil samples. 
(Each colony contains great numbers of bacteria.) (D.H.J.)

Bacteria, moulds and yeasts are spread from place to place in various ways. Man
and his equipment are responsible for the spread of great numbers of them while insects
carry many types for varying distances. Streams, ditches and other moving bodies of water
carry soil and disease types. They are carried by birds and animals, and many are seed
borne. Micro-organisms are transported from place to place on the surface of fruits,
vegetables and other foods. They are blown by the wind on dust and organic matter, and
rains and fogs assist in their dissemination.

IMPORTANCE

Bacteria generally are thought of in terms of disease and while certain types cause
disease of man, animals and plants, the majority of them are beneficial rather than
harmful. Bacteria and moulds in the soil are responsible for the decay of organic matter
and sewage. Without certain types it would be impossible to manufacture certain foods and
dairy products. Bacteria also are responsible for important industrial fermentations. While
moulds cause certain diseases and are one of the chief agents of fruit and vegetable
spoilage, they are responsible for certain fermentations and are becoming increasingly
important as the source of antibiotics, such as penicillin. Yeasts play little part in soil
decomposition and cause few diseases, but are the chief agents of fermentations, being
responsible for the manufacture of bread and alcohol.

SOIL BACTERIOLOGY

Fertile soils contain countless numbers of bacteria as well as other forms of
microscopical life. Soil micro-organisms are mainly beneficial, and plants, animals and
humans depend upon their activities. The majority of them are found more or less near the
surface of the soil and the numbers decrease as the depth increases. A well cultivated soil
may contain many millions per ounce in the top 6 or 8 inches, while in other soils there
may be few or none at 2-3 feet depths.
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Fig. 3. Spherical and rod types of nitrogen-fixing Azotobacter. 
Magnified 1,000 times. (D.H.J.)

The soil is an excellent medium for the growth of micro-organisms, and their numbers,
types and activities depend upon the amount of oxygen, nature of soil, moisture- and other
factors.

DECOMPOSITION

The function of soil organisms is to decompose plant, animal and mineral materials
into simple substances available for plant growth. Such a process is known as decay, and
without such action there would be little or no plant growth, therefore man depends upon
soil micro-organisms for his food supply. Certain groups of bacteria are responsible for
decomposing certain substances, thus nitrogenous materials are broken down to available
nitrates in successive steps, each group of bacteria playing an important part. The same
is true of the decomposition of other substances to carbonates, sulphates, phosphates, etc.
Certain minerals also are acted upon by soil bacteria, thus insoluble compounds of
phosphorous are changed into soluble forms, and iron compounds are formed by the iron
bacteria.

NITROGEN FIXATION

Azotobacter — Many soils are deficient in nitrogen, therefore its addition to soils is
extremely important. Certain groups of bacteria are responsible for the accumulation of
nitrogen in the soil by a process known as "nitrogen fixation" whereby the bacteria
assimilate atmospheric nitrogen and add it. to the soil in a form that plants can use. One
of these groups is known as Azotobacter and these bacteria are fairly abundant in fertile
sandy soils; they are few or absent in acid soils. They require a neutral or alkaline soil and
plenty of organic matter from which they may obtain food and energy for their growth and
multiplication. They are not associated with the roots of legumes crops and are free in the
soil. While the amount of nitrogen fixed per acre is not large, Azotobacter definitely play
an important part in the accumulation of nitrogen in the soil.

Legume Bacteria — It has been known since early Roman times that legumes enrich
the soil with nitrogen, but only within comparatively recent years has it been known that
certain bacteria, working in conjunction with legume crops, are responsible for the addition
of nitrogen.
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Fig. 4. Legume inoculation. Beans-6 weeks old. 
(A) Inoculated, (B) not inoculated. (E.H.G.)

Fig. 5. Legume inoculation. Soybean roots-6 weeks old. 
(A) Inoculated, (B) not inoculated. (E.H.G.)
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Fig. 6. Legume inoculation. (1) Nodules on alfalfa root, (2) section of nodule from pea
root showing bacteria within plant cells. Magnified 1,000 times. (D.H.J.)

Legume bacteria enter the root hairs of a legume plant where they rapidly multiply
and become enclosed in swellings called nodules. Here the bacteria "fix" free atmospheric
nitrogen and add it to the plant in exchange for food obtained from the plant. This mutual
relationship results in increased growth and improved crops. By ploughing under such a
crop, not only is the soil enriched with nitrogen but it receives the necessary legume
bacteria.

Seed Inoculation — Not all soils contain legume bacteria and they should be
supplied by seed inoculation. By this is meant the addition of the bacteria to the seed in
the form of a culture. These cultures are supplied in various forms, two of those most
commonly used being (1) the pure culture and (2) a mixed, powdered culture. The former
is a pure culture of bacteria grown on a jelly-like substance in a small bottle, each bottle
supplying sufficient bacteria for one bushel of seed. The bacterial growth, which is in the
form of a slimy layer on the surface of the jelly, is removed by adding sweetened milk and
washing off the growth with the aid of a flat stick. This is added to a large quantity of milk
and is spread on the surface' of the seed. When dry, the inoculated seed is ready to sow.
This type of culture is distributed by the Department of Bacteriology, O.A.C.

The dried, powdered culture consists of several species of legume bacteria
incorporated in a peat or humus base. Although easier. to apply, it is more expensive, and
the bacteria are perhaps not so plentiful. Seed inoculated with either culture should be
sown as soon as possible, and inoculated seed should be kept out of the sun. Although
legume cultures may be kept for long periods of time in a cool place, many of the bacteria
die and it is best to obtain fresh cultures each season.

While each legume requires a specific species of bacteria, some cultures will
successfully inoculate closely allied legumes. Thus an alfalfa culture will inoculate sweet
clover and vice versa. On the other hand, the soybean bacteria will not inoculate any other
legume. Despite such cross inoculation it is advisable to obtain the specific culture.
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Without the accompanying legume crop, the legume bacteria eventually die in the
soil, therefore, if the specific legume is not periodically sown every 3-4 years, it will be
necessary to inoculate again. Legume bacteria produce the best results in soils lacking
nitrogen, where they have been know to add more than 100 pounds of nitrogen per acre.
If plants are weak and unthrifty, they should be carefully pulled up, the earth removed,
and the roots observed for nodules. If nodules are absent or few and small in size,
inoculation is advisable.

REQUIREMENTS OF SOIL BACTERIA

Before a farmer can produce good crops upon which his livelihood depends, he also
must produce a good crop of micro-organisms; too often this phase of agriculture is
neglected. Bacteria and other forms require certain conditions for their growth and
activities, without which they would die. Although many requirements are needed to
maintain suitable numbers and types of bacteria in the soil, four of them are particularly
essential and they are as follows:

Aeration — Soil ventilation or aeration is particularly important because in the
decomposition of organic matter many of the changes brought about by beneficial bacteria
are oxidation processes.. Air also is needed to supply the necessary nitrogen for
nitrogen-fixing types. It also is needed to remove excessive amounts of carbon dioxide in
the soil. Sufficient amounts of oxygen are supplied by good drainage and efficient
cultivation.

Moisture — Bacteria live and carry on their activities in the thin film of water
surrounding each soil particle; therefore it is necessary to maintain the correct moisture
content. Excessive moisture causes water logging, driving out the oxygen and preventing
the activities of desirable bacteria. On the other hand, extreme drought breaks the
moisture film, and the soil becomes air-dry. This prevents bacterial action and many forms
die or become dormant. Good drainage carries off excess moisture, and mulching and
cultivation prevent evaporation and maintain the required moisture content in dry periods.

Soil Reaction — The majority of bacteria in the soil require a neutral or slightly
alkaline reaction as they do not thrive under acid conditions. During the decomposition of
organic matter, many species of bacteria produce weak acids, which, if not neutralized, will
accumulate and interfere with bacteria activity. Therefore it is necessary to maintain a
suitable reaction and if the soil is too acid, lime should be added.

Organic Matter — In order to supply food for bacteria, it is necessary to apply
organic matter in some shape or form. Soil micro-organisms obtain their food and energy
from such substances and in return liberate available nutrients. Many soils today are
deficient in organic matter, and it is essential for future crops that the organic material be
restored to the soil. It can be applied in the form of green manure or cover crops, crop
refuse or residues, manures and composts.

1. Cover crops — By this is meant the growing of such crops as rye, clover,
soybeans, vetch, peas, etc., and ploughing or disking them under in either fall
or spring. Young and succulent plants ploughed under help to maintain the
organic matter content, are rapidly decomposed, and supply available nutrients.
Older plants, by reason of their fibrous nature, are slower to decompose but
supply more organic matter.
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Fig. 7. Modern research microscope. (W.H.B.)

2. Crop residues — Straw, stubble, leaves, etc., are-disked under or applied to the
surface of the soil. Recent work has shown that straw, hay or weed mulches
applied to the surface of the soil not only improve the water-holding capacity of
the soil but increase its fertility. Because of the fibrous nature of such mulch
materials, they are not quickly decomposed. They supply food for bacteria and
assist in making soils more porous and friable.

3. Manure — Manure is a valuable source of organic material. It not only adds
nutrients and trace mineral elements to the soil but supplies the soil with
countless millions of bacteria. Manure supplies the necessary food for
micro-organisms, increases the water-holding capacity and improves the
physical condition of the soil. Much of the value of manure is lost if it is
improperly piled or stored. Rapid loss of ammonia, "fire fanging" and gas
production may be prevented if the manure is firmly packed and kept moist. The
liquid portion of manure should not be wasted.

4. Composts — Crop refuse, leaves, grass, sod and other materials can be
decomposed by micro-organisms to a desirable state by composting in a
prepared bed or heap. By building up layers of such materials with layers of soil
and with the occasional addition of a mixed fertilizer, it is possible to
manufacture a good supply of rich organic matter for flower or vegetable
garden. The heap must be kept firmly packed and moist. Care must be taken to
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avoid adding material containing weed seeds or diseased crop refuse. Artificial
manures made from straw, by adding certain chemicals and water, have proved
to be a rich source of organic material.

BACTERIA AND SEWAGE DISPOSAL

One of the major problems of civilization down through the ages has been the
satisfactory disposal of human excreta and industrial wastes. While modern methods now
dispose of millions of gallons of sewage per day in large cities, the disposal of human
excreta on the farm or in rural areas must be by simple but efficient methods.

Human excreta is composed of waste organic material in process of decay. Each
ounce of excreta contains billions of bacteria, many of which are responsible for its
putrefaction. If such excreta is allowed to putrefy or decay in exposed places it soon will
become an aerial nuisance and serve as a breeding place for flies and other insects.
Therefore the main principle of sewage disposal on farms or in rural areas is to dispose of
it underground, where it is quickly decomposed by the many numbers and types of
bacteria in the soil.

In areas where a water system is not installed, the outhouse or chemical toilet
generally is used. The latter involves chemical treatment which destroys the bacteria and
dissolves the solids. Although still primitive in form, the outhouse or privvy, when properly
located and constructed, is an efficient means of disposing of human wastes. It should be
located at least from 75 feet in clay soils, to 200 feet in sandy soils away from the well or
water supply. It should be well ventilated and screened, and so constructed that the
contents can be regularly and conveniently removed and buried in the soil to a depth of
from 6 inches to 1 foot.

SEPTIC TANK METHOD

In villages, settlements and on farms where water is available in the house, the
septic tank system is one of the best and most convenient methods of sewage disposal.
Although there are many types, those most commonly used are the single and
two-chambered types:

Two-chambered Tank — The septic tank may be located as near the house as
desired, providing that the absorption bed is at least from 75 to 200 feet, depending upon
the nature of the soil, away from the well or source of water. The drainage should not be
toward the well.

This type of septic tank is built of concrete or brick and is composed of two
chambers, namely: the settling chamber and the discharge or flush chamber. The settling
chamber is the larger of the two and receives the raw sewage from the house. This
chamber remains full at all times, and while the sewage remains in this chamber it
undergoes rapid decomposition, principally by anaerobic bacteria (types acting in the
absence of oxygen.) The complex chemical substances are broken down into simple,
soluble forms. The undigested portions of the sewage settle to the bottom as sludge, while
the liquid portion passes over into the second or discharge chamber. The contents of this
chamber usually are discharged twice daily by means of a siphon valve. 
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Fig. 8. Two-chambered septic tank. (A) Settling chamber, (B) discharge chamber,
(C) inlet, (D) outlet to absorption bed, (E) siphon valve. (E.H.G.)

Little bacterial activity takes place in this chamber; what action that does take place is by
aerobic bacteria, or types that act in the presence of oxygen.

The liquid portion of the sewage eventually is discharged into the absorption bed,
which is composed of weeping tile laid in a bed of gravel or cinders. Here the sewage is
absorbed by the soil where it undergoes oxidative changes by the soil bacteria and is
decomposed to simple substances available to plants.

Single-Chambered Tank — The single-chambered tank consists of one compartment
without a siphon valve. Thus the liquid contents of the tank trickle continuously into the
absorption bed each time sewage is added, instead of being discharged at regular intervals
as in the two-chambered system. The bacterial action is similar; that is, decomposition by
certain types of bacteria working in the absence of free oxygen, followed by final
decomposition of the liquid portion of the sewage in the soil.

Tanks may be constructed of concrete built to specifications or treated metal tanks
may be procured. However, irrespective of which tank is used, it must be emphasized that
no system can be efficient unless a proper disposal or absorption bed is constructed.
Information as to size, cost, construction, etc., of a septic tank system can be obtained
from Ontario Department of Agriculture Bulletins.

MAINTENANCE AND PRECAUTIONS

A well built and properly located septic tank will prove efficient for many years if
correctly treated. A new system will not be efficient until the tank accumulates sufficient
numbers of desirable bacteria. It is a common practice to add yeast cake to a new system;
this is a mistaken idea as yeasts will not assist the breakdown of sewage in any way. A
shovelful of good soil placed in the tank will assist in establishing the correct bacterial
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population. The tank should be cleaned and the sludge removed at certain intervals,
depending upon the size of the tank. Not more than one foot of sludge should be allowed
to accumulate in the tank. When removed, the sludge should be buried or ploughed under
in a field and not disposed of in a garden soil.

While moderate amounts of soapy laundry water, washing powders, etc., do not
materially interfere with bacterial action, strong applications of lye and disinfectants should
be avoided. Disinfectants and cleaning solutions should be sparingly used and should be
well diluted, or followed by large amounts of water. Occasional light doses of hydrated lime
are beneficial. The addition of too much grease causes a thick scum to form on the surface
of the tank; this should be periodically removed.

BACTERIA AND THE WATER SUPPLY

Few natural drinking waters are free from bacteria. Ponds, streams, lakes, shallow
wells, etc., contain micro-organisms brought down from the air by rain, snow and hail.
Great numbers are added from the soil, while man and animals contribute others. Unless
there is a plentiful supply of organic matter in the water, many species do not live for any
length of time. However, even the clearest and most sparkling water may contain bacteria
harmful to health. Certain species of bacteria are natural to water in which they live and
multiply; they are not harmful to health and their presence generally is ignored. Two other
groups, however, are important and they are as follows:

Soil Bacteria — Most soils contain countless numbers of different species of
micro-organisms, many of which are beneficial, causing necessary decomposition of
organic matter. Many of them find their way into wells and other water supplies during
floods and rains. They do not cause disease in humans, therefore their presence is not
sufficient to condemn a water supply. However, some species are important from the
standpoint of food and dairy products; when water containing these bacteria is used in the
washing or production of such products, certain abnormalities, off flavours and spoilage
may result. These species of bacteria in water supplies are not dangerous, but their
presence is not particularly desirable.

Intestinal Bacteria — The intestines of man and animals contain millions of bacteria
which are passed out in the bowel discharges. The most common of these is a group of
closely related species termed the coliform group. These bacteria do not live for any length
of time outside the animal or human body, but their presence indicates intestinal pollution.
They find their way into the wells from outhouses, septic tanks, manure piles, polluted soil,
etc.

Except under certain circumstances, the coliform bacteria do not cause disease, but
their presence indicates that other intestinal bacteria, among which may be
disease-producing types, are being discharged into the water supply. Typhoid fever and
dysentery, for example, are intestinal diseases, and the bacteria causing them are
eliminated in the bowel discharges. As it is easier to isolate and identify coliform bacteria
than it is disease types, water supplies are tested for the presence of the coliform group.
When these types are found it does not necessarily mean that disease bacteria are present,
but the water is unfit for human consumption unless boiled or chlorinated, because if
coliform bacteria can find their way into water supplies, so can the bacteria causing
intestinal diseases.
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Fig. 9. Properly constructed well. (A) Man-hole, (B) sloping cement top, (C) gravel,
(D) inside brick wall, (E) outside cement wall occupying upper 10-12 feet,
(F) water level. (E.H.G.)
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Fig. 10. Improperly constructed and poorly located well. (A) Poor type of wooden top,
(B) and (C) slope toward the well, allowing seepage from polluting sources,
(D) water level, (E) loosely constructed stone wall, allowing seepage from
surrounding soil to enter well. (E.H.G.)

PREVENTION OF POLLUTION

Pollution in wells may be avoided in many cases by the wells being properly
constructed and suitably located. Many wells in rural districts are situated too close to
sources of pollution, and many of them are poorly constructed. The chief offender is the
open, shallow well with poor top and porous walls; this type of well should be avoided.
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Location — Wells should be located as far as possible from polluting sources. No one
safe distance can be advocated because of the differences in soil structure. Where the soil
is clay, a distance of 75 to 100 feet from outhouse, septic tank, etc., should be sufficient,
whereas in sandy or gravelly soils at least 200 feet are required. The well should be
situated on the highest point of land possible; when the surface of the water is at least at
a higher level than any nearby polluting source, the water is safe from surface pollution.
The drainage should be away from the well; too many farm wells are situated in hollows
and depressions with the drainage from polluting sources directly towards them.

Construction — Various types of wells include: shallow and deep dug wells, bored
wells, drilled wells and driven or sand point wells. With the exception of the driven type,
a good well is finished by casing with iron or steel, pipe, brick, concrete, tile, etc. The
upper 10 or 12 feet of the walls of a shallow or deep dug well should be made impervious
to the entrance of water. This is accomplished by using brick, concrete or tile. In this way,
surface water has to filter through 10 or 12 feet of soil before it can enter the well. Such
filtration frees the water of bacteria.

Good location, and proper construction are wasted if little or no attention is paid to
the top of the well. Many excellent wells are spoiled by the tops being made of a few
rotten, badly fitting boards or planks, through which manure, filth, dirt and insects may
enter. The top should be placed upon walls that are finished above ground level. A good
top preferably should be built of concrete with a suitable, tight man-hole. It should slope
to the outside, and the earth should be graded away from the curb in order to carry off
waste water. Occasionally a catch basin below the spout of the pump is built and connected
to the "run-off."

Farm and school well waters in Ontario will be tested upon application to the
Department of Bacteriology, Ontario Agricultural College, Guelph.

MICRO-ORGANISMS AND MILK

Milk is a complex misture of substances which forms a satisfactory food preparation.
It is, therefore, an ideal medium for growth and multiplication of bacteria, yeasts and
moulds that will cause its rapid spoilage under certain conditions.

The interior of udders of normal cows are seldom free from bacteria, which usually
are found in the first milk drawn; therefore milk is rarely sterile as it comes from the cow.
Unless disease-producing, these bacteria are not as important as those that may enter the
milk from other sources. There are various sources on the farm and in the dairy from
which many types of organisms may find their way into milk during the operations of
milking and handling. Chief among these on the farm are: the cow, bits of straw, hay and
manure, dust, flies, cans and utensils, milking machines, hands and clothing of milkers,
etc. Bacteria from such sources can be avoided by grooming and washing cows, keeping
the stable clean, by not bedding, sweeping or feeding at time of milking, by keeping flies
away from the milk, by correct washing and sterilizing of utensils and milking machines
and by maintaining clean hands and clothes. High bacterial counts in milk can be avoided
if clean and sanitary conditions prevail.
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Fig. 11. Undesirable bacteria in milk. (1) Coliform bacteria, indicating contamination from
manure, (2) large spore-forming rods from hay, straw and dust. (D.H.J.)

TYPES OF MICRO-ORGANISMS IN MILK

Micro-organisms found in milk can be divided into various groups, among. which
are three of particular importance. These are: bacteria causing desirable fermentations,
those responsible for undesirable changes or fermentations, and disease-producing
types.
1. Lactic Acid Starters — Certain of these bacteria find their way into milk milk from

dust, air, manure and other sources. When the numbers are great enough, they
cause the milk to sour and form an acid curd. This constitutes the normal souring
of milk and, when these bacteria are grown under On-trolled conditions, they
produce desirable lactic acid cultures, termed starters, used for butter, cheese and
cultured buttermilk manufacture.

2. Acidophilus Milk Bacteria responsible for this type of fermentation may find their
way into milk from various sources and, if properly cultivated under controlled
conditions, produce an acid curd milk of higher acidity than that produced by the
common lactic acid type. Acidophilus milk is used for medicinal purposes.

3. Bulgaricus Milk — When properly cultivated under laboratory conditions, these
bacteria produce a high acidity in milk. Cultures of this organism are used in the
preparation of certain eastern milk beverages.

UNDESIRABLE FERMENTATIONS

1. Ropy Milk — This is a common source of trouble on the dairy farm—especially in the
summer. The milk is changed from its fluid state to a thick, slimy or viscid
condition, whereby it can be stretched in ropy strands. Such a condition is caused
by bacteria that are enclosed in gelatinous capsules and, when they are present in
certain numbers, they cause the milk to become ropy. The bacteria do not originate
from the interior of the udder as commonly believed, but are found in water,
cisterns, cooling tanks and on the coats of cows.
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Fig. 12. Undesirable fermentations in milk. (1) Milk spoiled by addition of (a) dust, (b) bit
of straw and (c) a single fly. (2) Ropy milk. (Lund and E.C.B.)

The trouble should be eradicated as soon as possible by sterilizing all utensils, and
the stable should be thoroughly cleaned and disinfected.*

2. Sweet Curdling — Occasionally milk will curdle with a sweet or soft curd, unlike
normally soured milk which is acid. It is caused by certain spore-forming bacteria
that possess the ability to coagulate milk. These bacteria are found on hay, straw,
manure and dust. This type of undesirable fermentation generally is found in
pasteurized milk, because pasteurization temperatures do not kill spore-forming
bacteria. The presence of sweet curdling usually indicates dirty or dusty conditions
in the stable at the time of milking, or the use of improperly sterilized utensils.

3. Gassy Milk — Certain species of bacteria, when present in sufficient numbers, are
capable of producing gas as well as acid in milk. This is a highly undesirable type
of fermentation and is the result of milk being contaminated with intestinal bacteria
from manure, unclean utensils or insanitary persons.

4. Alcoholic Milk — Certain yeasts are capable of forming alcohol and carbon dioxide
gas from milk sugar. Such yeasts are found in the atmosphere, on dust, organic
matter and other sources. This fermentation is more commonly found during the
summer months.

5. Bitter Milk — When certain species of bacteria, some of which grow at low
temperatures, contaminate milk they are capable of producing bitter flavours. Such
bacteria are found on hay, straw and dust and may produce bitter flavours when
the milk is stored at cool temperatures.

6. Coloured Milk — Several known species of bacteria contaminating milk are capable
of changing the colour of milk into shades of red, blue or yellow. These and other
fermentations, such as "soapy," "fruity," etc., are produced by various species of
bacteria, the presence of which in milk can be avoided by clean and sanitary
precautions.

___________
* Water will be tested for the presence of ropy milk bacteria upon application to the

Department of Bacteriology, O.A.C., Guelph.
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DISEASE BACTERIA

Whereas various fermentations in milk may be detected by appearance, taste and
smell, it is impossible to detect disease bacteria in milk, as they usually do not produce any
abnormal changes. Disease bacteria in milk originate from diseased cows or from persons
handling the milk.

From Cows — Three important diseases of cattle that may affect humans are
tuberculosis, mastitis and contagious abortion. The bacteria causing bovine tuberculosis
may be found in infected udders or in manure from infected cows. Children especially may
contract the disease by drinking raw milk. Mastitis is a disease of the udder caused by one
or more species of bacteria, some of which are capable of causing septic sore throat in
humans. Contagious abortion is a disease of cows causing premature abortion of the calf.
Raw milk may contain the disease bacteria and produce undulant fever in humans. There
are other diseases in this group but they are rarely encountered.

From Humans — There are numerous diseases originating from humans that are
milk-borne. Such intestinal diseases as typhoid and paratyphoid fevers, cholera, dysentery,
diarrhoea and summer complaint are caused by the disease bacteria gaining access to the
milk from infected carriers with insanitary habits. Humans infected with these diseases
should not be allowed to participate in milking, nor be allowed to handle milk or milk
products. Many of the bacteria causing these diseases rapidly multiply in milk.

Such diseases as diphtheria, scarlet fever and septic sore throat are caused by
bacteria originating in the throat, nose and other infected parts of the human body.
Coughing or sneezing during milking operations may add many bacteria to the milk. These
and other more uncommon diseases may be prevented by allowing only healthy and clean
individuals to handle milk and milk products.

PREVENTION OF SPOILAGE AND DISEASE

In addition to clean and sanitary conditions in stable, milk house and dairy, it is
necessary to safeguard milk for human consumption by properly sterilizing cans and
utensils, by efficiently cooling the milk and by pasteurizing the milk to kill the disease
bacteria.

Cleaning and Sterilizing Utensils — Unclean cans, strainers, utensils, etc., contain
many numbers of micro-organisms that may considerably add to the contamination of
milk. Therefore, it is essential that all utensils should be free from open seams and rust
and be carefully cleaned and sterilized.

All utensils or containers that have contained milk should be thoroughly rinsed with
cold or lukewarm water to remove all milk film or residue. After rinsing they should be
scrubbed with hot water containing a reliable detergent or washing compound with the
temperature of the water not less than 110E F. This should be followed by a hot water
rinse. Where steam is available the containers should be steamed or scalded and quickly
dried in a dust-free atmosphere. Where steam is not available the containers should be
rinsed with a chlorine solution just before milking. The amount of chlorine should not be
less than 100 parts per million. Chlorine is not effective if used on dirty or unwashed
utensils. Pails should never be dried with a towel, nor should they be given a final rinse
with cold water that may contain undesirable bacteria.
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Fig. 13. Effects of pasteurization. Bacterial colonies obtained from a sample of milk (1)
before pasteurization and (2) after pasteurization. (D.H.J.)

Care of the milking machine is very important. At the conclusion of milking, the unit should
be flushed by drawing through cold or lukewarm water. Pail head and milker pail are
cleaned in the usual way. Teat cups and rubber tubing are filled with a solution of 0.5%
common lye and hung on a rack. Before the next milking the parts are drained and
re-assembled; it is not necessary to rinse the tubes.

COOLING MILK

The temperature of milk, as it is drawn from the cow, should be reduced as quickly
as possible. Therefore, an efficient cooling system is essential. By holding the milk at a
temperature of between 40° F. and 50° F. it is possible to prevent the rapid multiplication
of many species of bacteria that may have gained access to the milk during the milking
operation. Holding the milk at such a temperature does not prevent all bacteria from
growing; certain species prefer low temperatures, but temperatures below 50° F. prevent
the growth of most types likely to cause spoilage.

PASTEURIZATION

By pasteurization is meant the heating of milk at a certain temperature for a
specified length of time in order to destroy the disease bacteria and yet not affect its
chemical or physical properties. In view of the many disease bacteria from animals and
humans which may find their way into milk, pasteurization is the only safe method of
making milk safe for human consumption. Two main methods of pasteurization are
employed, namely: the "holding" method whereby milk is heated at a temperature of at
least 143° F. for 30 minutes, and the H.T.S.T. (high temperature, short time) method
which employs a temperature of at least 160° F. for 15 seconds.

Efficient pasteurization does not impair the flavour of the milk, nor does it noticeably
affect the food value. It does, however, eliminate the possibility of diseases originating
from milk and thus particularly safeguards the health of children.
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Fig. 14. Culture dishes used to determine types and numbers of bacteria in milk and
other products. (D.H.J.)

MICRO-ORGANISMS AND FERMENTATIONS

Many species of bacteria are able to change sugars into various substances, chief
among which are organic acids. These changes are brought about by a process known as
fermentation, and the acids produced are particularly important because of their
preservative effect. Their presence in food products prevents the growth and multiplication
of certain spoilage bacteria which cannot grow under acid conditions. Examples of products
being preserved by such fermentations are: silage, sauerkraut and vinegar.

SILAGE

Ensiling is the process by which any crop may be preserved by storing it in a silo
where it undergoes fermentation. Corn is the most commonly used crop for silage
purposes, as it contains sufficient sugar for immediate fermentation. Many other crops do
not contain sufficient sugar and, for successful ensiling, either sugar has to be added in the
form of molasses, or acids are added directly to the crop. Excellent bulletins on the ensiling
of crops other than corn may be obtained from various experimental stations. The manu-
facture of corn silage is not difficult providing certain principles are followed. That they are
not always followed is borne out by the many samples of spoiled silage received for
examination at the laboratory from time to time.

Bacterial Fermentation — The leaf surfaces of corn as it comes from the field contain
many numbers of micro-organisms, some beneficial, others harmful. When corn is cut at
the right time, contains sufficient moisture and is correctly packed, bacterial action
immediately commences. The natural enzymes in the plant also assist by changing
starches into sugars. There is an increase in temperature, and gas is liberated. The chief
fermentation is a process whereby the sugars are changed into various organic acids, chief
among which is lactic acid. A certain amount of alcohol is formed which in time is changed
to acetic acid by acetic acid bacteria. Once these acids are formed, spoilage bacteria, which
also are present in great numbers, cannot function, and the silage may be preserved
indefinitely.
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Air must be kept out of the silage because many moulds, present on leaves and
stalks, prefer acid conditions and, in the presence of air, soon turn the silage mouldy and
unfit for animal consumption. In order to supply the conditions necessary for the successful
ensiling of corn, care must be taken in the cutting, watering and packing operations.

Cutting of Crop — Successful corn silage greatly depends upon the state. of the corn
when cut. If possible, corn should be cut when the grains are dented and the lower leaves
and husks are beginning to dry up. The stalk, however, should be full of sap. These
conditions are reached approximately one week to 10 days before the corn is ready to be
shocked. At this particular stage the corn will contain sufficient moisture and maximum
food nutrients. Cutting green or immature corn may result in a somewhat sour silage, high
in moisture.

Corn should be cut into particles not more than 1 inch in size, about 3/4 inch being
the accepted size. The pieces should be evenly mixed, preferably by means of a
distributor; if not, the lighter, fluffier pieces will settle on the outside.

Adding Water — If corn is cut at the correct time and packs properly, water need
not be added. The later the corn is left in the field, the drier and fluffier it becomes, with
the result that it will not pack properly and water should be added. It is impossible to
advise the amount of water to be added, as it will depend upon the state of the corn.
However, it is difficult to spoil corn silage by adding too much water; therefore water
should be added when in doubt. The best method of adding water is to run a stream of
water into the blower. If this is not possible, water can be added in the silo, providing it
is well distributed. More water should be added to the silage on the top than to the silage
lower down.

Packing the Silage — It is important that the corn be well packed in order to drive
out the air. This is done by piling the silage towards the walls of the silo, tramping
thoroughly and then filling and tramping the centre. Silage settles from day to day and,
unless properly packed, will pull away from the walls. Less tramping is necessary if the silo
is slowly filled; the upper half of the silo requires more tramping than the lower half. In
order to avoid loss in the upper surface of the silage, the filled silo should be sealed with
wet straw or other such material.

Mouldy Silage — This is the most common form of silage spoilage. It may occur in
pockets, near the walls or surface, or throughout certain areas. Mouldy silage may be pink,
green, white, etc., depending upon the predominant species of moulds. It may result from
one or more of the following causes:

1. Corn too fluffy—cut too late in the season.
2. Corn cut in too large pieces and not properly distributed.
3. Insufficient amount of water.
4. Poor packing.
5. Cracks or imperfections in the silo, allowing entrance of air.
6. Imperfect seal on silo top.
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Fig. 15. Common moulds found in mouldy silage. (W.H.B.)

MOULDY SILAGE SHOULD NOT BE FED ANIMALS

Spoiled Silage — This refers to silage that is partially decomposed and possesses
evil odours. It is caused by spoilage bacteria functioning before the desirable
acid-producing types; such spoiled silage can occur in any crop deficient in sugar or in
resultant acids. Also, it can occur in silage where the acids are reduced as a result of mould
action.

VINEGAR
Vinegar may be made from many fruits and vegetables, but the most common are

apples, grapes and honey. The production of vinegar is an excellent way of utilizing
products that otherwise would go to waste. Vinegar is dependent upon the action of both
yeasts and bacteria, and its production takes place in successive steps whereby fruit juices
or sugary solutions are turned into alcohol by yeasts and the alcohol turned into acetic acid
by bacteria. Cleanliness and care are essential in making a good grade of vinegar, which
should contain from 4% to 8% acetic acid. As apples are most commonly used on the
average farm, the following directions apply particularly to that crop.

SWEET CIDER

Choice of Apples — The quality and flavour of vinegar will depend a great deal upon
the original sweet cider. Mixed, decaying and dirty windfalls will not be a suitable product
to change into vinegar. Only sound, ripe apples should be used; over-ripe or green apples
should be avoided. Various flavours of ciders and vinegars depend upon the varieties used.
For example, Red Astrachan, Yellow Transparent and Duchess impart a tart acid flavour;
Wealthy, Baldwin and Spy yield a milder flavour; while Snow, McIntosh and Delicious give
an aromatic flavour.

Apples should be sorted, and those showing signs of decay and worminess should
be discarded. Decayed apples add countless numbers of undesirable organisms and may
spoil the vinegar. However, sound apples with bruises, scars, scabs, limb rubs, etc., do not
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affect the product. The apples should be thoroughly washed in a tub or vat, stirring and
frequently changing the water. Washing should not precede pressing by more than 24
hours and it is desirable to press as soon as possible after washing.

Extraction of Juice — After thorough washing, the apples are ground in a cider mill
or grated on cylindrical graters or rollers. The resultant pulp is added to cleaned and boiled
canvas or sugar sacks and pressed in a cider press. The juice is then collected in clean
enamelled or wooden containers; metal containers should not be used. Juice should be
strained through clean cloth to remove the "pomace" or coarse particles and allowed to
stand in a cool place for 12 to 15 hours. After standing, the clear liquid may be siphoned
off. Where large bulk amounts of cider are made, the cider may be further clarified by the
addition of a precipitating agent, such as gelatin.

Up to this point, neither yeast nor bacterial action has taken place and it is essential
that, by cleanliness and care, micro-organisms must be kept out to avoid undesirable
fermentation. If the juice is to be maintained as sweet cider it can be preserved, either by
adding 11/4 ounces of sodium benzoate to each 10 gallons of cider, or by pasteurizing at
175° F. for 20 minutes.

HARD CIDER

Preparation of Barrel — After sweet cider is cleared it should be run into a suitable
barrel. It is very necessary that only clean and sterilized barrels be used. The barrel should
be soaked with water for a day or so to soften dried material, then rinsed several times
and steamed for 15-20 minutes. If steam is not available, the barrel can be soaked and
cleaned, then filled with hot water to which is added 2 tablespoonfuls of hypochlorite of
lime, or other suitable chlorine product, and left standing for several hours. It should be
emptied and rinsed several times with good clean water to eliminate residual chlorine.

Alcoholic Fermentation — Sweet apple juice is added to the barrel until it is
approximately three-quarters full; the barrel is then laid on its side. There should be a
bung hole at each end and at the top. Yeasts are responsible for changing sugar solutions
into alcohol, and while yeast present on the skins of apples are capable of forming alcohol,
it is not advisable to depend upon their action, as poor results may be obtained. It is
advisable to add a pure culture of yeast and, while commercial yeast cakes may be used,
it is better to use yeasts propagated for such purposes.* Once the yeast is added, the
bung holes should be covered with cheesecloth to keep out dust and contamination. The
barrel is kept at a temperature of 65° to 75° F. for about 3 weeks, after which alcoholic
fermentation should be complete.

VINEGAR

Acetic Acid Fermentation — Vinegar from hard cider or other alcoholic solutions is
produced by certain bacteria that have the ability to turn alcohol into acetic acid in the
presence of oxygen. These bacteria are found on fruits, in the air and other places, and
while these wild and mixed types may produce a type of vinegar, the final result is
uncertain. It is better to depend upon pure cultures of vinegar bacteria, termed starters.*

_______
* Cultures of wine yeasts and vinegar bacteria may be obtained from Department of

Bacteriology, O.A.C., Guelph.
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Fig. 16. Vinegar barrel. (L) Surface of cider, (O, O) openings for air, (F) funnel in
stopper, (T) glass tube attached to funnel down which new supplies of cider
are added without disturbing surface film, (E) glass tube to show level of liquid
and for withdrawing vinegar. (After Marshall.)

The hard cider is run into a freshly cleaned. and sterilized barrel until it is
approximately two-thirds full. The vinegar starter is added and several layers of cloth are
placed over the bung holes. The barrel should be maintained. at a temperature of between
65° to 75°F until vinegar of sufficient acetic acid content is produced, which usually takes
2 months. A continuous homemade method may be used by constructing a barrel as
shown in the illustration. The alcoholic liquid may be added and the vinegar drawn off
without disturbing the vinegar bacteria, which are in the form of a thin gelatinous film. on
the surface. This film must not be disturbed because, requiring oxygen, if it sinks below
the surface of the liquid, acetification is stopped until a new film is formed.

Storage — Vinegar drawn from undistrubed barrels should be clear enough_ for
bottling. It should be put into clean and sterilized bottles, corked and pasteurized by
heating in a water bath at a temperature of 140°F for 20-25 minutes. Properly  pasteurized
vinegar will keep for years. Vinegar can be drawn off from the barrel and stored in bulk;
sterilized casks, etc., should be filled, bunged and stored in a cool place.
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Fig. 17. Lactic acid producing bacteria found in sauerkraut.

SPOILAGE

Off Fermentations — Any "off" or disagreeable flavour may be the result, of
undesirable micro-organisms gaining entrance sometime during the process. Dirty or dusty
equipment, unwashed fruit and carelessness during the various operations are responsible
for such changes.

Surface Film — If fruit juice or alcohol is exposed to the air for any length of time,
it will develop a thick and wrinkled film. This is caused by certain yeasts which eventually
will destroy the alcohol and acid.

Vinegar Eels — These are small worms, barely seen with the naked eye. They
originate from surface water and are found in and near the Vinegar barrel. They may cause
the vinegar to spoil when they die in the vinegar. Properly pasteurized vinegar, kept
sealed, should not contain eels.

SAUERKRAUT

Sauerkraut is another example of a food product preserved by organic acids
produced by desirable bacteria. The preserving of cabbage by this method is an old custom
and, providing directions are carefully followed, an excellent sauerkraut can be
manufactured.

Procedure — Although sauerkraut made from late cabbages generally is regarded
to be f superior quality, equally good sauerkraut may be made from sound, early maturing
varieties. Only mature and sound cabbages should be selected; dirty and green outside
leaves should be removed and clean white heads used. Long, thin shreds should be cut
with either a shredding machine or large knife. The finely cut cabbage is packed in clean
stone jars or crocks, or in sterilized wooden kegs if larger amounts are desired.

Layers of cabbages several inches thick are alternated with layers of salt. One
pound of salt to each 40 or 50 pounds of cabbage is needed to produce the right amount
of brine. The cabbage should be firmly packed. A clean, wooden cover is placed on the top
of the salt-cabbage mixture and weighted heavily enough to cause the liquid brine to reach
the cover. A clean cloth may be placed between the cabbage and the wooden cover if
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desired.
Fermentation — Length of time of fermentation depends upon the temperature; the

lower the temperature, the longer the period. The best temperature is regarded to be
between 65°F and 70°F, at which temperature fermentation will require from 3 to 4 weeks.
Fermentation begins almost immediately; the salt causes extraction of the cabbage juices,
and in the resultant brine the large numbers of micro-organisms, originally present on the
leaves, commence fermentation. Yeasts attack the sugars, exhaust the oxygen and
produce small amounts of alcohol. Bacteria change sugars into various organic acids, chief
among which is lactic acid. During fermentation, a scum or foam collects on the surface
and this should be skimmed off from time to time. If not removed, the scum will destroy
the acids underneath.

Storage — When fermentation is complete, the sauerkraut should be stored in a cool
place where it will keep, providing it is kept free from contamination by sealing or covering.
A better method f storing the sauerkraut is to pack the kraut in sterilized glass jars and fill
with the original brine or, instead, use a weak brine made by adding an ounce of salt to
each quart of water to completely fill the jar. The jars should be sealed tightly and stored
in a cool place.

UNDESIRABLE FERMENTATIONS

Pink Kraut — Properly fermented kraut is firm and light in colour. Quite often a pink
kraut will develop. This is caused by a certain type of yeast that develops in concentrations
of salt of 3% or more. High temperatures also assist in the production of pink sauerkraut.

Slimy Kraut — This type of sauerkraut usually is white in colour, slimy and may be
tough in texture. It is caused by either too low concentrations of salt or rapid fermentation
in too warm temperatures.

Surface Spoilage — The scum that forms on the surface during or after fermentation
is caused by organisms that destroy the desirable organic acids. Consequently, if the scum
is not removed during fermentation, or if the kraut is not propery sealed after
fermentation, spoilage may be found extending several inches into the product.

BACTERIAL DISEASES OF PLANTS

Certain species of bacteria are capable of producing disease in plants. Many of these
diseases cause small loss, but others may be severe enough to affect the major part of a
crop. Under certain conditions, light infection may develop into epidemic proportions;
therefore it is essential that farmers, fruit growers and gardeners should know how and
why plants are attacked and be able to control such diseases when they appear.

Bacteria causing plant diseases may be found in various places, such as in the soil,
manure and crop refuse. They are found in water and on frames, boxes, tools, etc. They
winter over and are protected in soil, in old cankers, dead materials; dried fruit and
vegetables; in and on seeds; nursery stock, twigs and leaves. Where a disease has been
severe, the bacteria are found in great numbers on the ground and on anything that has
come in contact with the diseased plants.

SPREAD OF DISEASE BACTERIA

Wind is a factor in spreading dust, organic matter and refuse containing disease
bacteria. Rains and dews carry bacteria from one part of a plant to another. 
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Fig. 18. Crown gall of plants. (1) Gall on young peach tree. (2) Gall on rhubarb.
(W.H.B., D.H.J.)

Movements of water in the soil may be the means of spreading plant disease
bacteria. Insects spread countless numbers of bacteria, either carrying them on their feet
and mouth parts or in their digestive tract. Many species are carried either in or on seed.
Man and his equipment and tools transport bacteria from place to place. Diseased plant
refuse, either fed to animals, or discarded on the manure or compost heap, means
widespread contamination of the soil when such manure is distributed on the land.

METHOD OF ATTACK

Bacteria gain entrance into plants through the natural pore openings of leaves and
stems. They also gain entrance through wounds brought about by bruising, cutting of roots
and stems by ploughing, cultivating, pruning, etc., or through punctures made by insects.
They may gain entrance into plants from infected seed. Once inside the plant they rapidly
multiply in the spaces between the cells or in the veins and eventually cause various types
of symptoms.

TYPES OF DISEASES

Bacteria act on plants in different ways, with the result that various types of
symptoms are produced. Consequently, bacterial diseases of plants are divided into several
groups, which are as follows:

Bacterial Blights — The plants attacked in this group usually are those having a
shrubby, tree-like nature, such as pears, apples, quinces, walnuts, lilacs, etc. The bacteria
gain entrance into the cambium layer, or inner bark, and work down this channel, forcing
their way between the cells at the rate of several inches per day. The main symptoms are
discoloured bark, dead tissue, clinging, mummified fruit, cankers and shrivelled leaves. Not
all portions of the plant or tree may be affected and, providing diseased parts are cut 12
to 15 inches ahead of the affected areas, the rest may be saved.
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Fig. 19. Fireblight of pears. (1) Young pear tree killed by fireblight which girded the trunk
about 18 inches above ground level. (2) Close-up view of the fireblight canker which
killed the tree shown in No. 1. The canker developed around a small hole in the bark
made by a contaminated shot-hole bark-boring beetle. (D.H.J.)

Bacterial Rots  — Bacteria causing rots attack fleshy plants such as carrots,
cabbages, rhubarb, iris and others. They attack the storage tissues of the plants, dissolving
the layers between the cells and causing complete collapse of the tissues. The symptoms
are rotting, with considerable ooze accompanied by evil odours. Rots may be of various
colours, and may be soft or hard, depending upon the nature of the plant.

Bacterial Wilts — The plants affected are the same as those in which rots are
produced. The bacteria, however, gain entrance into the veins or vascular system, where
they rapidly multiply and choke the veins, cutting off the food supply. This results in
blanching and softening of the tissues, general wilting and death. A plant attacked by a wilt
organism also is susceptible to attack by secondary types of micro-organisms which may
cause rotting of the plant.

Bacterial Leaf Spots — Bacteria gain entrance through pore openings or insect
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Fig. 20. Bacterial soft rot of vegetables. Various stages of rot in celery and turnips.
(D.H.J.)

Fig. 21. Bacterial wilt of cucumbers. (D.H.J.)

punctures, where they feed on the storage layers of the leaf. The presence of the rapidly
multiplying bacteria causes swelling at the infected point, with the result that the spot is
ruptured and a typical lesion or leaf spot is produced. The centre may drop out, causing
a shot-hole appearance. The spots may be so numerous that the major part of a leaf is
affected, causing ragged, deformed areas, shrivelling or defoliation.

Bacterial Galls (Crown Gall) — Certain bacteria, gaining entrance into injured root
hairs, or cut surfaces of most plants, stimulate the production of swellings or galls around
the surface of infection. These galls may be soft or hard, depending upon the nature of the
host plant. The galls may be few or numerous, small or large and are found on many
plants, chief among which are raspberry, peach, apple, rose, rhubarb and daisy plants. The
galls are composed of living, abnormal tissue; therefore they require nourishment, with
the result that the rest of the plant suffers from starvation. The general symptoms are
stunting and dwarfing, yellowing of leaves, unthriftiness and, in time, the death of the
plant.
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Fig. 22. Bacterial blight of beans. (D.H.J.)

CONTROL MEASURES

Descriptions of individual bacterial diseases of plants belonging to the above groups may
be found in various bulletins and texts. * Although specific control measures are advocated
for each disease, certain general control measures apply to all bacterial diseases of plants.

As plants generally become affected before the disease is noticed, and as it is
difficult to completely check bacterial diseases once they appear, control measures are
based on "prevention rather than cure":

1. Where possible, grow disease-resistant varieties.
2. Sanitary measures must be adopted.
3. Use seed treatment where advised.
4. Intermediate or alternate host plants harbouring disease bacteria should be

eradicated.
5. Bacteria-carrying insects should be eliminated.
6. Sprays and fungicides should be used when they are effective.
7. All infected plants in greenhouse or field should be pulled up and destroyed.
8. All infected leaves, fruits, vegetables and other crop refuse should be removed

from greenhouse or field and burned or buried deeply.
9. Correct cultural treatment builds strong plants, more resistant to disease.
10. Where a disease has been present in a crop, neither that crop nor other

susceptible plants should be planted or sown on the same ground for 3 to 5
years.

11. Good under-drainage is important.
____________
* Ontario Department of Agriculture Bulletin 886.
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12. Care must be taken not to wound or injure plants during hoeing, cultivating or
other operations.

13. Diseased plants, fruits or vegetables should not be placed in storage. 

MICRO-ORGANISMS AND FOODS

Foods not properly preserved will spoil; such spoilage is brought about by bacteria,
moulds and yeasts. Yeasts spoil sweet foods by fermentation; acid foods are subject to
attack by moulds, and bacteria cause spoilage of most food products. Depending upon the
nature of the foodstuff, it is not necessary that all micro-organisms be destroyed, but those
especially significant must be controlled or eliminated.

Any food product exposed to the atmosphere becomes contaminated with various types
of micro-organisms. If conditions are suitable, they will rapidly multiply and spoil the
product by decay or fermentation. In addition to original contamination from soil, dust, air,
etc., many undesirable bacteria may be added by handling, from flies, instruments,
storage containers, processing equipment and other sources. In order to prevent this
contamination it is essential that strict sanitary and hygienic conditions should prevail. The
fewer the number of micro-organisms on foods, the easier they are preserved; hence the
need for inspection of meats, milk and other products.

The spoilage of food is dependent upon certain conditions; among these are warmth
and moisture. Foods maintained in a warm atmosphere can spoil rapidly but, if kept under
cold conditions, spoilage may be very slow or arrested altogether. The same is true of
moisture; the lower the water content of foods, the more resistant they are to the action
of micro-organisms. Before spoilage can occur, foods must have approximately 12%
moisture. In view of these conditions foods are preserved mainly by desiccation,
refrigeration and by heat.

DESICCATION

Desiccation or drying is the oldest known method of preserving foods. Many foods are
preserved by nature in this fashion, including nuts, grains and seeds. These and such
products as flour, meals, sugar, uncooked cereal preparations, etc., contain insufficient
moisture for the development of microorganisms, and they will remain preserved
indefinitely until exposed to moisture.

Dehydration or drying of vegetables, meats, fish, milk, eggs and other products is
becoming a major industry. Such dried foods can be shipped long distances at all seasons
of the year. Also, by drying it is possible to considerably reduce their weight and volume.
The water content must be kept below 10% to ensure their continued preservation.

With dried fruits, honey, syrups, etc., the water content need not be reduced to the
same extent as in cereals, powdered milk and others. This is because of the high
percentage of sugar present; when sufficiently concentrated, the sugar prevents the action
of moulds and yeasts. If dried fruits, however, are allowed to become damp, they absorb
moisture, the sugar is diluted, and fermentation by yeasts, or mouldiness by moulds takes
place.

Only in certain instances are bacteria, moulds and yeasts killed during the drying or
dehydrating process. Therefore, dried foods are not free from such micro-organisms; they
may contain many types of bacteria, moulds or yeasts that remain inactive until the water
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content is restored. Rapid spoilage will result after water is added unless the product is
immediately cooked or baked. A good example of a spoiled desiccated product is fermented
grain "that has been stored in a damp condition.

REFRIGERATION

Since ancient times it has been known that low temperatures preserve foods, but it is
only within comparatively recent years that the principles of refrigeration are being
understood and applied. In modern refrigeration, foods either are maintained at cold
storage temperatures or are completely frozen.

Cold Storage — By cold storage is meant the holding of foods at temperatures above
freezing. Whereas many methods have been used, the modern electric refrigerator has
been universally adopted where power is available. Few bacteria are killed at temperatures
above freezing, but their activities are arrested. Foods eventually will spoil at temperatures
above freezing, but in household practice food is not held for periods long enough to allow
appreciable spoilage to occur.

Freezing — By freezing, the water in foods is frozen and therefore is not available to
micro-organisms. Such frozen food resists the action f bacteria until it is thawed. In this
manner, meats, fish, poultry and other products may be preserved for long periods of
time. By "fast freezing" it is possible to freeze foods with minimum damage to tissues; the
ice crystals are smaller and the food remains in a better physical condition.

Frozen foods are not sterile; as mentioned previously, most foods are contaminated
from various sources, and quite high counts of bacteria may be found on certain products.
While many of these bacteria may be killed by freezing, others are not, with the result
that, while they are harmless in the frozen state, they can rapidly spoil food when more
suitable temperatures are restored.

When frozen foods are thawed, the bacteria present may develop very rapidly and
cause spoilage. Frozen foods spoil more rapidly after thawing than foods which have not
been frozen. Certain changes brought about during the freezing process allow more rapid
bacterial action when higher temperatures are reached. Frozen foods therefore should be
cooked or consumed as soon as possible after thawing.

Various high temperatures are employed to bring about the destruction of
micro-organisms in food, and it depends upon the nature of the product and the types of
micro-organisms to be controlled as to which shall be used.

Pasteurization — By pasteurization is meant the heating of certain food products to
temperatures below the boiling point in order to kill certain types of micro-organisms. The
temperature may vary from 140° to 160°F, depend-ng upon the product. Milk is
pasteurized to destroy disease bacteria; wines, beers, fruit juices, vinegar, etc., are
pasteurized to eliminate certain undesirable micro-organisms that might cause abnormal
fermentations or spoilage. Pasteurization does not sterilize the product but may greatly
reduce the number of organisms.

Boiling — Boiling at 212°F is used for the preparation of foods for immediate
consumption and preservation of fruits. While boiling temperature will kill moulds, yeasts
and bacteria in the vegetative state, even prolonged boiling may not kill bacterial spores.
Fruits can be preserved by boiling because the moulds and yeasts are killed, and the acid
or sugar content prevents bacterial action. Processing in boiling water is unsafe for
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non-acid vegetables and meats, as they require higher temperatures.

CANNING

By canning is meant the sterilization of foods in sealed containers. This is accomplished
by employing pressure cookers, autoclaves or retorts where steam is subjected to
pressure, and temperatures considerably higher than 212EF are attained. Various times
and temperatures are used for different food products. By this method resistant bacterial
spores are destroyed.

In home canning, vegetables and meats should be processed only in correctly operated
pressure cookers; by so doing food poisoning and spoilage will be avoided.

Whatever method is used, it is possible to keep down the numbers of micro-organisms
by using thoroughly washed and clean food products and adopting strict sanitary
precautions. The freer the food from bacterial life, the easier it is to preserve.

Details of canning and preserving foodstuffs may be obtained from various Provincial
and Dominion Bulletins.
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