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TURE'S way is not always the most efficient way 
to produce food. But, with a little assistance from man, 
nature can and is providing food for the world's popu
lation. 

We are flooded with all kinds of literature on organic 
gardening-some good and some bad. We are told by 
an endless list of well-meaning writers and authors how 
to produce food nature's way-without pesticides and 
fertilizers. We read about home remedies for insects and 
diseases-some workable, some not-with none very 
practical, particularly on large plantings or family size 
gardens. Like tying a bar of lye soap to the trunk of a 
fruit tree to control crawling insects-what about those 
flying pests? Or, how about sugar to control nematodes 
in your garden soil? And, will marigolds planted under 
an apple tree control insects? 

What is a "natural food" or a true organic food? 
Will "natural foods" treat or cure specific diseases? 
What's the difference in natural ascorbic acid and labora
tory produced or artificial ascorbic acid? 

Many proponents of organic gardening are becoming 
obsessed with "home remedies," "natural foods" or so 

The results of well conducted research in agricul
ture have profited the commercial producer, the home 
gardener, and the consumer through the adoption and 
u::;e of practices leading to improved yields and quality 
of products. 

Modern science has continuously provided new and 
improved methods and procedures for the safe produc
tion of quality food that contributes to better health 
rather than its deterioration. For an example, life ex
pectancy of the average person today is 7.3 years longer 
than in 1940. Among major factors contributing to this 
increased longevity are higher quality, safer foods and 
giant forward steps in modern medicines. 

The Scientific Approach to Research 
Research may sound like something very complicated, 

but basically it is just a logical approach to the solution 
of a problem. It is an organized way of dealing with ideas. 

For one to arrive at a general conclusion based on 
a one-time experience or observation is not practical and 
the information is not reliable. How could one know that 
the result would be the same the next time? 
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called "health foods." There is no research or scientific 
information available on which to base reliable de
pendence on many such claims. 

Today's source of food is receiving increasing scru
tiny in some segments of our society. Quality, purity, 
wholesomeness, and possible detrimental effects of foods 
from various sources are under close surveillance. Some 
are turning to so called ·'health foods" or "natural 
foods" grown by "organic gardening" or nature's meth
ods. Such persons refrain from using those foods pro
duced from technology of modern scientific agriculture 
which includes the use of chemicals such as inorganic 
fertilizers and pesticides in food crop production. 

Intentions of this publication are to make you aware 
of the available facts, background, and role of good 
production practices needed to make logical, economical 
decisions in food crop production. We feel that a study 
of all sections of this publication will help you read 
various literature on foods and food production with an 
open mind, know if what you are reading is based on 
reliable, scientifically proven information, and give you 
a basis on which to make your decisions. 

The job of the trained scientist is to use logical ap
proaches in doing research. He must determine with a 
high degree of certainty the relationship between the 
applied treatment and the direct result. Did the treat
ment actually produce or cause the result, or would it 
have occurred anyway (chance happening)? Did the 
treatment alone produce or cause the result, or was it 
just one of several factors contributing to the result? 

Suppose you wanted to determine the value of or
ganic matter in a soil. If all the plants grown in the 
experiment were grown in soil rich in organic matter, 
how could we determine just how valuable the organic 
matter was to plant growth and vigor? And, do we know 
for sure that plants growing under similar conditions 
but in soil low in organic matter would not grow as well 
or possibly even better than those growing in soil sup
plied with organic matter? To find out these things, we 
must design and conduct an experiment that will produce 
reliable information on the subject. 

To provide a control or comparison in the experi
ment. some plants must be grown in soil with little or 
no organic matter and some in a soil either naturally 
organic or one that has been enriched with organic mat
ter. Organic content of a soil can be determined by 
laboratory analysis and recorded for each sample used 
in the experiment. All plants must be grown under 
identical environmental conditions with the only differ
ence in treated and untreated plots being the organic 
matter. Plants growing in soil with little or no organic 
matter will serve as the control or comparison in the 
experiment. 

Such an experiment can produce reliable informa
tion. If plants growing in organic matter enriched soil 
are taller, more sturdy and vigorous than those growing 
in soil with little or no organic matter, then we can 
conclude that organic matter does contribute to im
proved growth and development. 



"If two situations are alike in every respect, and one 
element is added to one but not to the other, any differ
ence that developed is the result of that element added." 1 

This discussion of an experiment on organic matter 
and its affect on plant growth basically is how research 
projects are carried out. In reading various gardening 
literature, one should read carefully and critically, con
sidering whether the information given and the state
ments made were likely arrived at on the basis of re
search that would produce reliable information. Re
member that unless a scientific procedure such as pre
viously described is used to arrive at conclusions, there 
is room for doubt and a questioning of the reliability 
of the written material. 

Assisting Nature in Food Production 

In view of potential crop hazards, a return to com
pletely natural methods of food production could make 
the feeding of a large population impossible. Man must 
intervene to assist nature in growing adequate, quality 
products. To overcome nature's adversities and achieve 
successful gardening results, effective producers rely on 
as many of the findings of science as possible to assist 
nature in producing desirable agricultural products. In 
fact, such producers are practicing "nature assisted gar
dening or farming" to grow the quality of food we need. 

The gardener assists nature in producing abundant 
yields of top quality food by using modern, scientific agri
cultural pursuits. This often involves the use of biologi
cal, physical, and chemical materials and methods. The 
important consideration is getting safe and productive 
results. 

With an understanding of the relationship between 
heredity and environment in plant growth and develop
ment, man has devised a number of cultural practices to 
create desirable environmental conditions for plant pro
duction. These cultural practices include both organic 
and inorganic methods and materials. Cultural practices 
used by man to produce abundant harvests include: 
(1) Soil maintenance, improvement, and conservation; 
(2) crop improvement through application of the science 
of genetics; (3) temperature and moisture control; and 
(4) pest control. 

To be successful in food production the producer 
must find safe, workable means for dealing with each of 
the above practices. Using the technology of modern, sci
entific agriculture, the gardener employs the research 
findings of such scientific areas as agronomy, agricultural 
engineering, entomology, genetics, horticulture, natural 
resources, and plant pathology. 

In some cases the producer may use biological and 
physical methods and materials and in others, because 
of necessity and convenience, he may use chemical meth
ods and materials to provide optimum conditions for 
plant growth. Regardless of the method, one should make 
sure it is reliable, safe, and approved by research find
ings. Both organic and chemical methods fall into this 
category and can be used to get good results. 

As previously indicated, nature's way is not always 
the best way to produce food, especially where people 
could starve to death if nature's insect and disease "con
trol" system fails. Chemicals are nothing to be afraid of 

1 Best, John W. ReseaTch in Education, New York: 
Prentice Hall 1959, p. 126. 
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if they are used in the proper way. This becomes ap
parent when you consider the following facts. 

1. The human body itself is a complex chemical sys
tem. We as individuals are actually made of chemicals 
such as carbon, hydrogen, oxygen, nitrogen, phosphorus 
and many others. Furthermore, these chemicals must be 
constantly replenished if we are to remain alive. 

2. All food is chemical in nature, being composed 
primarily of carbon, hydrogen, oxygen, nitrogen, phos
phorus and smaller amounts of many other elements. 

3. Organic materials themselves are chemicals. Such 
materials must be broken down into inorganic chemicals 
before plants can absorb and use them. 

4. The soil contains a complex chemical system. 

When chemicals are misused, harmful results to 
human health can occur. Agricultural chemicals properly 
used are just as safe as the chemicals (medicines ) pre
scribed by doctors and used according to directions. 

"If chemicals could not be used for pest control, 
farmers' production of crops and livestock might de
crease by 25 to 30 percent in a few years. Additional 
losses would occur from stored product insects, ranging 
from 5 percent for vegetables to 15 to 20 percent for 
stored grain."~ 

Soil Maintenance, Improvement, and Conservation 
To produce most horticultural food crops, soils should 

be well drained and aerated so that healthy plant root 
systems can develop-desirable structure; contain an 

TABLE 1: Estimated Effects of Producing Crops in Ohio 
Without Pesticides 

Loss In Value Withouta Loss In 
Herbi- lnsecti- Fungi- Total Valuec 

Crop cides cides cides Lossb (Dollars) 
Percent Percent Percent Percent 1,000 

Field Corn w 10 10 30 87,567 
Soybeans 15 1 16 25,015 
Wheat 5 2 40 47 21,524 
Alfalfa 8 60 68 15,249 
Sugar Beets 20 5 20 45 3,713 
Apples d 50 80 woe 9,870 
Peaches d 30 75 woe 2,366 
Strawberries 15 5 40 60 695 
Onions 20 w 15 50 427 
Carrots 25 10 15 50 226 
Sweet Corn 15 40 10 65 2,290 
Tomatoes 10 15 50 75 4,226 

Total loss in value- $173,168 

a Loss in value includes direct loss from pests and also loss from 
increased production costs and decrease in quality. 

b Total loss cannot be assumed to be the sum of the three figures of 
the three classes of pesticides, however it is most difficult to 
calculate the combined effect. In some instances it would be a 
greater loss than the sum and in some instances less than the sum. 

c Calculated from data from USDA Crop Production 1969 ·Annual Sum
mary (Dec. 19, 1969). 

d Herbicides have little direct effect on apple and peach production. 
however they are important in eliminating poison ivy in tree fruit and 
in reducing rodent nesting places. 

e See footnote page -
(Source: Ohio Cooperation Extension Service Bulletin 538, Pesticides 

and the Environment) 

~ Barton, Glenn T., 1966 United States Department of 
Agl"iculture Yearbook, op. cit. p. 16. 



adequate supply of the elements essential to the develop
ment of healthy, vigorus, and productive plants-fertile; 
be of the correct acidity level so the essential elements 
to plant growth and development are in a form available 
to plants-desirable reaction (pH); and be easily worked
good tilth. 

Improving Soil Structure 

Clay soil of poor structure is difficult to work and not 
well drained or aerated. The structure may be improved 
by the use of soil conditioners. Soil conditioners may be 
organic or inorganic in nature and both types can be 
helpful in improving soil structure. Examples of organic 
materials for improving soil structure include compost, 
peat moss, straw, hay, sawdust, wood chips, grass clip
pings, and green manure crops (soybeans, cereal rye, rye
grass, sweet clover). Inorganic soil conditioners include 
coarse sand, perlite, vermiculite, and arcillite. 

Soil conditioners, both organic and inorganic, can 
produce the following effects on soils: ( 1 ) Increase soil 
aeration by increasing the amount of macropore space; 
( 2) increase soil moisture holding capacity; ( 3) promote 
drainage of excess soil water; ( 4) improve the work
ability (tilth) of soil by changing block, column, or 
prismatic structure into a granular or crumby structure. 

Compost and Composting 
Productive agricultural soils are those with desirable 

structure and a fertility level capable of providing es
sential nutrients in the required amounts and forms to 
plants. Although compost is both an organic fertilizer 
and a soil conditioner, its primary value is its modifying 
effect on the soil structure as a soil conditioner. 

The use of compost is one practical method of supply
ing essential organic matter to home garden soils. By 
composting one can utilize valuable plant materials, that 
otherwise might be wasted, to improve the productive 
capacity of the soil. Various aspects of making and using 
compost are described in the following sections. 

Nature and Value of Compost 

The art of making compost and its use is a well 
established agricultural procedure dating back to ancient 
times. Compost is chiefly decomposed plant remains, and 
the product is used basically for the same purposes as 
natural animal manures. Sometimes the product is re
ferred to as "synthetic manure." 

Compost is nature's approach to soil improvement 
and is an important process in the field and forest. Man 
takes advantage of this natural process to accumulate 
materials helpful in improving the productive capacity 
of soil. Compost is particularly valuable to the gardener 
not having access to animal manures. 
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The decomposition of organic materials resulting in 
the production of compost is basically a process of en
zymic digestion by such soil microorganisms as bacteria, 
fungi, and actinomyces. The products of this digestive 
process are basically humus, energy (heat), carbon 
dioxide, and water. Because of the energy release in the 
process of decomposition, compost piles heat and the in
ternal temperature of a pile may reach 170° F. or 
greater. 

Organisms affecting decomposition of plant remains 
work best when plenty of oxygen is available. Organic 
materials resistant to the decomposition process persist 
and accumulate in the soil as humus. 

Compost and humus are excellent materials for im
proving soil. 

( 1) They improve the physical condition of the soil 
by promoting soil granulation. Soils with good physical 
condition are more easily worked, have good drainage, 
and are well aerated. Well aerated and drained soils 
help provide desirable conditions for plant root growth 
and development. 

( 2) In sandy soils, they contribute to increased soil 
moisture holding capacity. 

( 3 ) They increase soil fertility by serving as a direct 
source of plant nutrients such as nitrogen, phosphorus, 
and potassium and materially increase the cation ex
change capacity of the soil. Exchange capacity refers to 
the capacity of soil particles to hold and release chemical 
elements. (Compost, however, should not be thought of 
as a high analysis fertilizer material, as one ton of 
material yields only about 10 pounds of nitrogen, phos
phorus, and potassium in available form. ) The primary 
contribution of organic matter is its effect on soil struc
ture and nutrient exchange capacity. 

( 4) Compost and humus improve conditions for ac
tivity of beneficial soil microorganisms such as nitrify
ing bacteria and soil inhabiting animals such as earth
worms. 

( 5) The buffering capacity of the soil which helps 
stabilize soil reaction ( pH) is improved. 

( 6) Compost and humus contribute organic acids 
which aid in the chemical weathering of the mineral por
tion of the soil. 

( 7) They help reduce or prevent soil crusting. 

Because of these benefits, the addition of compost and 
other organic materials such as peat moss, animal ma
nures, aged sawdust and others is highly recommended 
and should be considered an indispensable element of 
successful gardening pursuits. 

Location and Type of Compost Pile 

In general, composting of organic materials best fits 
into the service area of the home landscape. 

Composting may be done in a pile, heap, pit, or a bin 
type structure. Regardless of the structure used, a com
mon practice is to screen the composting area from view 
by use of landscape plantings such as tall growing an
nuals and vines. 

An essential feature of making good compost is keep
ing the material moist. Thus, a partially shaded area is 
helpful in preventing excessive drying of materials. A 
nearby source of water is desirable but is not necessary. 
You can use a black plastic cover to keep the heap moist. 



Structures 

Many gardeners simply pile materials to be composted 
into a heap while others pile them in some type of 
structure or bin. As good compost can be made either 
way, the choice is largely an individual one. 

Suggested size for the compost pile is 5 feet wide, 4 
to 5 feet high, and long enough to accommodate all the 
material to be composted. If a structure is to be used, 
build it large enough to provide two bins. The purpose 
of two bins is to facilitate turning of the material. One 
side of the structure should be removable for conven
ience in building up compost material and taking it out. 
Rectangular shaped bins usually are most satisfactory. 

Bins or other composting structures can be made 
from concrete block or open brick work, posts and wire, 
picket or snow fence, or boards. 

Composting Materials 

Materials for a satisfactory job of composting include 
organic material ( basically plant remains), source of 
nutrients for microorganisms, moisture, and an adequate 
supply of air. 

Organic materials-plant residues-well suited to 
composting are leaves, grass clippings, remains of flower 
and vegetable plants after harvest, weeds before going 
to seed, straw and hay, and vegetable tops, peelings, pea 
pods, etc. 

By shredding or grinding these materials, the process 
of decomposition is speeded up because more surface 
area is exposed to attack by the microbes of decay. Avoid 
putting materials in the compost pile that have possible 
detrimental effects. These include diseased plants (can 
result in spread of disease in the garden), seeds and 
fruit pits (attract rodents), weeds that have gone to seed 
( can result in a very weedy garden), and bones and fatty 
materials (resistant to decomposition to make compost 
less desirable to handle). 

Nutrients for Microorganisms 

As composting results from the activity of countless 
millions of soil microorganisms, sufficient nutrients must 
be present in the compost heap to support the life ac
tivities (change in physical form, structure, etc.) of the 
microorganisms. With suiTicient nutrients, basically nitro
gen, phosphorus and potassium, the microorganisms 
thrive, grow, multiply and rapidly effect decomposition. 
If nutrients, especially nitrogen, are in short supply, the 
composting process is delayed and results are often not 
satisfactory. Nitrogen is a key element in the composting 
process because it is essential to the organisms of decay. 

Nutrients can be supplied to the compost pile in the 
form of complete commercial fertilizers such as 10-10-10, 
12-12-12, or 14-14-14. Or, lower analysis dehydrated ani
mal manure in quantities equivalent to the recommended 
amount of commercial fertilizer can be used. For ex
ample, dried animal manure such as cattle manure which 
has an analysis of 2-2-2 can be used rather than com
mercial fertilizer. However, the rate would be about 3 
times that of a 5-10-5 commercial fertilizer or about 9 
cups per bushel of organic matter. 

In addition to an adequate supply of essential ele
ments, soil reaction must be at a desirable level to en
courage decay activity. To prevent the compost mass 
from becoming undesirably acid in reaction, agricultural 
limestone is often included in the compost material. 
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Moisture 

Materials in the compost heap must be kept moist but 
not soggy. Soggy or waterlogged compost will hinder or 
even stop the composting process. 

Aeration 

Break down or decomposition of organic materials 
may occur under aerobic (plenty of oxygen) or anaero
bic ( oxygen depleted) conditions. 

A compost pile with plenty of oxygen is preferred. 
Provide oxygen by periodically turning or mixing the 
heap, otherwise anaerobic conditions will result. The 
products of aerobic decomposition are humus, carbon 
dioxide, water, and energy in the form of heat. You can 
check for heat energy in a compost pile by feel or by 
reading a thermometer placed in the interior mass of an 
actively working compost heap. This is the process used 
as the source of heat in a hot bed. Temperatures in an 
actively working compost heap may reach 170° F. This 
heat build up can destroy some disease organisms, insect 
eggs, and weed seeds, although it should not be relied 
upon to pasteurize the compost. 

layering Process 

A suggested procedure for compost layering is given 
in the following information. Some gardeners may want 
to adjust the procedure according to their requirements 
or individual preferences. 

1. Collecting materials to be composted: Utilize avail
able plant materials avoiding diseased materials, fruit 
pits, bones, etc. The pile may be built over a period of 
time as materials become available. 

2. Creating conditions for decomposition and a "bai
anced product": In building the pile or heap, apply ma
terials to be com posted in alternating layers as follows: 
First layer-plant residues, 6 to 12 inches thick; second 
layer-garden soil or sharp sand, about 1 inch thick; 
third layer-thin layer of nutrients or elements to pro
mote decomposition. Commercial fertilizer or dehydrated 
animal manures may be used. A limestone additive is 
also desirable. 
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Moisten the three layers of material but do not create 
a soggy condition by adding too much water too often. 

Repeat the layering process until the heap is about 
five feet deep. 

To provide aeration for the pile, make the first layer 
a coarse plant material such as coarse stalks to admit 
air to the base of the pile. Turn the pile periodically with 
a pitch fork or garden fork. Move the material from one 
bin into another or turn the pile over to make a new pile. 
Be sure to incorporate the material at the edges into the 
center of the pile when turning. Turn the pile at least 
twice during the summer months, the first time about 
four weeks after starting the pile and again in five to six 
weeks. Some gardeners provide aeration by periodically 
punching a number of holes into the pile with a rod or 
bar. However, this procedure can cause excessive drying 
of the pile. 

To keep the pile moist but not soggy, locate it in 
partial shade, if possible. Keep the top of the pile dished 
so it will collect and hold water. Water the pile periodi
cally or as necessary, and cover with black plastic film, 
particularly if it is in direct sun. Then, allow nature to 
take its course in the form of microbial activity. 

Time Required to Produce Compost 

The time required to produce a good compost depends 
upon the type of material used, its fineness or coarseness, 
and whether or not desirable environmental conditions 
for microbical activity are maintained ( adequate nutri
ents, aeration, and moisture). 

Compost can be made in as short a time as 14 days if 
the material is finely ground or shredded, kept moist, 
and frequently turned to provide good aeration. In most 
cases, gardeners should not plan on compost being ready 
in less than four to six months, depending on how well 
conditions are maintained to stimulate composting activ
ity. Just piling up the materials and allowing nature to 
take its course can take a year or more for compost to 
result. 

Compost is ready to use when it has the following 
characteristics: ( 1) Dark brown in color; ( 2) friable 
and breaks up readily when turned over. 

How to Use Compost 

Compost can be used as a soil surface mulch or as a 
conditioner-fertilizer additive to the soil. If used as a 
soil mulch, apply material to a depth of 3 to 4 inches 
over the soil surface without covering low growing 
plants. Benefits of compost are similar to those of other 
mulches, namely soil moisture conservation, weed con
trol, and maintenance of a more uniform soil tempera
ture. 

Probably the best use of compost is to add it to the 
soil as a conditioner-fertilizer, especially when soils are 
light ( sand ) or heavy ( clay ) . Its modifying effect on soil 
structure to improve the soil is its best function. On 
particularly light or heavy soils, apply compost 4 to 5 
inches deep on the soil surface and thoroughly work it 
into the upper 8 inches. 

Since plant nutrient requirements are quite heavy, 
applications of commercial fertilizers to supplement ele
ments present in compost are usually desirable. The 
amount of fertilizer to apply is best determined by the 
results of a soil test. 
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Use of Sewage Sludge in Gardening 

Many questions arise on the use of materials from 
municipal sewage disposal plants when such materials 
are to be used for the production of fruits and vegetables. 
There is probably less concern when the materials are to 
be used in soils to produce grass, flowers, and ornamen
tal plants. The following information will assist you in 
making some decisions relative to the potential use or 
value of sewage sludge in gardening activities. 

Nature and Composition of Sewage Sludge 

Types of sludge: Sewage sludge is a by-product from 
the treatment of city sewage. Basically, there are three 
types-raw sewage, digested sludge, and activated 
sludge. 

Raw sewage, sometimes called settled or primary 
sludge, is made up of solid, lumpy materials with an of
fensive odor. Because raw sewage is a potential carrier 
of pathogenic organisms, it is not recommended for use 
on the soil. 

Digested sludge can be of different types depending 
on the process used to treat it. After time for settling 
out, the sludge is anaerobically decomposed so that much 
of the organic matter is converted to gases and soluble 
materials. In the process, most of the pathogenic organ
isms are destroyed. 

Activated sludge is sewage from primary tanks inno
culated with previously processed sludge and treated 
with large amounts of air so that aerobic decomposition 
will occur. After aerobic decomposition is finished, the 
material can be dried and ground. This type of sludge is 
relatively high in nitrogen content and free of pathogenic 
organisms, thereby making it suitable for use as fer
tilizer. 

The moist sludges are sometimes used as substitutes 
for animal manures, while activated sludge is generally 
used as a component of complete fertilizer. 

Sewage sludges vary considerably in composition 
and properties, depending on the type of treatment and 
the sources of the sewage. Results of a New Jersey study 



over a three-year period in which the N, P~O~ and K:!O 
content of oven dried cow manure was compared to 
sludge are shown in Table 2. 

TABLE 2: N, P~O~. and K:!O in Oven Dried Manure 
and Sludges 

Material 

Cow manure 
Undigested sludge 
Digested sludge 
Activated sludge 

N 

1.20-1.57 
1.53-1.93 
1.61-2.63 
6.00·6.30 

Range in Percent 
p,Q,; 

0.67-0.84 
0.75·2.19 
1.66-1.98 
3.42-3.91 

1.16-1.82 
0.12-0.23 
0.31-0.70 
0.33-0.39 

Source: Data taken from New Jersey Agricultural Experiment Station 
Bulletin 733, "Agricultural Value of Sewage Sludge." 

From Table 2 data, we see that sludges, in comparison 
with cow manure, are low in potassium and relatively 
high in phosphorus. In terms of fertilizer value, activated 
sewage sludge is the most valuable of the sludges. 

Use of Sludges 

Sewage sludges, particularly the activafed types, are 
sources of chemical elements useful in plant nutrition. 
Sludges are better sources of N and P~O.-, than K:!O. 
They are also a source of some trace elements, particu
larly iron and zinc. 

When sludges are used rather continuously on the 
same land, the soil should be tested periodically to deter
mine if supplemental lime or other chemical elements 
essential to good plant nutrition should be added to the 
soil. 

A desirable feature of activated sludge is the slow 
release of nitrogen which tends to be held in the soil 
against leaching such as might occur in the case of 
quickly soluble commercial fertilizers. 

In terms of value as a soil additive, sewage sludge is 
probably more valuable as a fertilizer than as a soil con
ditioner, especially when the sludge is compared to the 
conditioning value of other organic materials such as 
peat moss or aged sawdust. 

In mineral soils, sewage sludge may be incorporated 
into the soil at rates up to 25 percent by volume. 

Some evidence indicates that when large quantities 
of sludge are added to a soil, seed germination is delayed; 
however, the result is seldom a reduced germination 
count. Seed germination of radish and lettuce may be 
affected. 

Evidence also indicates that heat dried sludges are 
slow to nitrify. Therefore, some temporary nitrogen defi
ciency similar to that encountered when straw or saw
dust are added to the soil may be experienced. 

Reaction of Sewage Sludges 

Most sludges are acid but some are highly alkaline. 
As sludges do differ in reaction and in composition, it is 
best to have the material tested and use the results as a 
guide to soil improvement. This is particularly true since 
acid sludges from sewage containing industrial wastes 
may have severely adverse effects on plants. 

Odor of Sewage Sludges 

Both digested and undigested sludges have an offen
sive odor. Undigested sludge is more offensive than the 
digested type. Because of odor problems, these materials 
are generally unsatisfactory for use in the urban setting. 
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Dried, activated sludge has relatively little odor and is 
often used in the same manner as any other organic ma
terial. 

Health Aspects of Sludge Usage 
The conclusion of the American Public Health Asso

ciation committee on sewage disposal indicates that heat 
dried, activated sludges are satisfactory soil additives 
from a sanitary standpoint. Well-digested sludges are 
satisfactory for use in the garden for non-root crops. 

Root crops should not be grown in a garden for two 
years where well-digested sludges have been used. This is par
ticularly the case where the edible parts of the vegetables 
such as root crops, leaf vegetables, or fruits come in 
contact with the soil. Raw sludges are not recommended 
for a garden any time. 

Giving Nature a Hand 
Crop Rotation 

Rotating crops can reduce the chances for severe in
festation of insects and diseases. The practice also per
mits plants of different rooting patterns to utilize chemi
cal elements in all regions of the upper soil layer. Rota
tion also aids in the control of certain persistent weeds 
and permits intermittent growing of soil building crops. 

Carbohydrate Rich Organic Material 

In soil management, the relationship between the 
nitrogen and carbon content of organic material is im
portant. Some materials such as sweet clover and other 
legumes have a low carbon to nitrogen ratio. Others 
such as strawy residues and sawdust have a wide or high 
carbon to nitrogen ratio. 

Problems may result in plant growth when materials 
containing large amounts of carbohydrates in proportion 
to nitrogen are tilled into the soil. Such carbohydrates 
are vigorously attacked by microorganisms and the 
available soil nitrogen is used in the decaying process. 
Soil nitrogen that is "tied up" during the decaying proc
ess is unavailable to plants. Although this nitrogen will 
be released back into the soil once the decomposition 
process is complete, plants growing in the area suffer a 
nitrogen deficiency during the decomposition period. To 
provide enough soil nitrogen for growing crops and decay 
organisms, too, add nitrogen to such organic material as 
fresh sawdust or straw. Apply 1 to 2 cups of ammonium 
sulfate or sodium nitrate to each bushel of organic ma
terial. 

Weed Control in the Garden 

We must control weeds to produce a good garden. 
Types of weeds, enthusiasm of the gardener, availability 



of control materials and other factors determine the 
method to use. 

Organic mulches: Mulches may be used to control 
weeds and conserve moisture during the growing season. 
Where used, apply them after the warm-season crops are 
well established. Usually this is sometime during the 
month of June. Two to four inches of partially decom
posed mulching materials should do the job. Materials 
may include aged sawdust, peat, compost, or rotted ma
nure, which will not compete with the plant for available 
nitrogen. 

Mulching materials commonly available and most 
often used are straw and hay. These require nitrogen for 
decay and, when spread on the garden, compete with 
plants for available nitrogen. To provide enough nitrogen 
to decompose these materials, apply 2 to 3 pounds of 
5-10-10 fertilizer, 1/z pound nitrate of soda or ammonium 
sulfate, or % pound ammonium nitrate per 100 square 
feet of soil. 

Plastic Film: Black plastic film is a good mulching 
material to control weeds and conserve moisture in vine 
and other garden crops. 

At planting time, set plants through the plastic film 
by cutting holes just large enough to accommodate the 
plants. Be sure to set plants in the center of the film ( in 
the row ) and at the correct spacing. Crops may also be 
direct seeded through plastic mulch. 

Chemicals: Although research has led to the discovery 
and manufacture of many chemicals that will control 
weeds without damage to desirable plants, there are 
many problems associated with the mechanics of using 
herbicides. The proper material must be safely applied 
at the correct time and in the correct amount, if good 
weed control is to result without causing extensive dam
age to garden and landscape plants. Therefore, we rec-
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Nutrients Essential to Plant Growth 

Sixteen elements are essential for plant growth. 
Plants can not complete their life cycle if any of the 
f~llowing elements is missing: carbon, hydrogen, oxygen, 
mtrogen, phosphorus, potassium, sulfur, calcium, mag
nesium, iron, zinc, boron, molybdenum, manganese, cop
per and chlorine. Furthermore, a deficiency of any of 
these nutrients will decrease plant growth and quality. 

Since the sources of carbon, hydrogen, and oxygen 
are air and water, there is little control of their avail-
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ommend that chemicals be used only by highly experi
enced applicators. 

Problems associated with herbicides which make their 
use by home gardeners inadvisable at this time include: 

1. Not one herbicide is available that can be safely 
used on all garden vegetables crops. A wide variety of 
vegetable crops are usually grown in the home garden. 
Thus, the home gardener would need to purchase, store, 
and safely use several different chemicals, which are 
quite expensive. 

2. The herbicide must be applied at the proper rate 
and at the right time. 

Herbicides applied at incorrect rates produce unde
sirable results in at least two ways: (a) Insufficient 
amounts fail to give desired weed control. Money in
vested in the materials is wasted. (b) Herbicides applied 
excessively can severely damage or kill crop plants. Resi
dues in the soil, due to overuse, may cause injury to 
different crops planted in the soil in subsequent garden
ing seasons. Overdosage is a waste and is expensive .. 

3. With some herbicides, caution must be used to pre
vent drift to adjacent areas. Careless handling has re
sulted in many cases of damaged plants. This sometimes 
results in legal action being taken against offenders. 

4. There are some weeds which cannot be controlled 
by available herbicides except at rates which would also 
damage the crop plants. 

Despite the fact that herbicides are not recommended 
for use in the home garden at this time, there are several 
things the home gardener can do to control weeds. As 
previously discussed, mulches such as black plastic film, 
clean straw, sawdust, or peat moss, properly applied, are 
most valuable in weed control. Mulches conserve soil 
moisture and enable plants to make rapid growth, thus 
getting a good "headstart" on weeds. 

ability except through drainage, irrigation, and modifica
tion of the physical condition of the soil. Most fresh plant 
tissue ( 94 to 99.5 percent) is made up of carbon, hydro
gen, and oxygen. The other 13 elements combined repre
sent 0.5 to 6 percent of the plant tissue. When a nutrient 
deficiency limits growth or reduces quality, it is usually 
a shortage of one or more of these 13 elements. 

Primary Nutrients: The primary nutrients (nitrogen, 
phosphorus, and potassium) are so called since they are 
required by plants in relatively large quantities and are 
often present in insufficient quantities in cultivated soils. 
Most commercial fertilizers contain one or more of these 
nutrients. 

Secondary Nutrients: Although the term "secondary 
nutrients" implies a secondary role in the nutrition of 
the plant, calcium, magnesium, and sulfur are essential 
plant nutrients. The plant requirements for each of these 
elements is about the same as for phosphorus. In properly 
limed soils, secondary elements seldom limit plant 
growth. 

Micronutrients: Micronutrients (boron, chlorine, cop
per, manganese, molybdenum, iron, and zinc) are re
quired by plants in very small amounts. 

Soil pH and Liming 

Soil pH plays a very important role in the availability 
of plant nutrients. In acid soils, nitrogen, phosphorus, 



potassium, sulfur, calcium, magnesium, and molybdenum 
are less available to plants while at higher pH (above 
pH7l iron, manganese, boron, copper and zinc are less 
available and may limit plant growth. 

Liming acid soils supplies calcium and some mag
nesium and reduces harmful concentrations of aluminum, 
manganese and iron. Liming acid soils increases favor
able microbial activity, accelerates the release of nu
trients from organic matter and improves soil structure 
and tilth. 

-1' II a Ill It _, ..... 
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Evaluating the Nutrient Status 
of Soils and Plants 

Soil Testing 

Soil tests are digests or extractions which indicate 
the total amount or some fraction of nutrients found in 
soils. As previously indicated, although large amounts of 
any given nutrient may be in the soil, often only a very 
small portion is available to plants. Various types of ex
tractants are used to approximate or indicate the amount 
of nutrients which are available to plants. Most soil tests 
are extractions in which the amount extracted correlates 
with plant response to native fertility or .applied ferti
lizers. Then any soil which tests below the predetermined 
"critical" level for any nutrient is deficient in that nu
trient and plants gr~wn on this soil will respond to 
fertilizers containing that nutrient. 

Plant Analysis 

Another tool for evaluating nutrient status is plant 
analysis. Plant analysis may be useful to home gardeners 
when top yield or quality of a given crop or crops is 
desired. This is the only efficient way to verify or dis
prove a suspected visual deficiency on a growing crop. 
Furthermore, plants which give a yield response to 
added nutrients often do not show any deficiency symp
toms. In this area of "hidden hunger," plant analysis can 
determine the nutrient or nutrients limiting growth of 
the living plant. Plant analysis is also an indicator of the 
efficiency of a fertilizer program. 

Lime and Fertilizer Recommendations 

Lime and fertilizer recommendations are given on the 
soil test results form. These recommendations are based 
upon the present acidity and fertility of the soil as well 
as on predicted crop removal of nutrients. 
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Nutrients from Fertilizers 
Nutrients Available to Plants 

Oxygen is the only element which can be used di· 
rectly by plants. All other elements must be converted 
to ions, charged particles, in order to be taken up and 
assimilated by plants. It does not make any difference 
whether these ions originate from the biological decom
position of organic substances or from dissolved inor
ganic fertilizers. 

Although plants can not determine the source, inor
ganic or organic, of their nutrients, both organic and 
inorganic fertilizers have their advantages. It is com
mendable to recycle waste materials containing plant 
nutrients through a compost pile and back to the plants 
as an organic fertilizer. Generally, organic fertilizers are 
not only mild (lower content sources of plant nutrients) 
but also usually contain other compounds from organic 
matter which improve physical characteristics, for ex
ample tilth, structure, and water and nutrient holding 
capacity of the soil. Since the nutrients from organic 
fertilizers are slowly released, their use requires a co
ordinated application and buildup program so that the 
proper amounts of nutrients are available when the 
plants need them. Furthermore, application of improper
ly decayed compost can temporarily tie up essential nu
trients from the soil at just the time when plants need 
them. 

Inorganic fertilizers are also valuable in several ways. 
First, their nutrients are available as soon as they are 
worked or leached into the soil which contains sufficient 
water to allow them to dissolve. Second, inorganic fer
tilizers based upon nutrient content are most economical. 
Third, inorganic fertilizers increase soil organic matter 
by increasing plant growth. For example, if plant growth 
is doubled by using inorganic fertilizers, the amount of 
organic matter returned to the soil in roots and residues 
is also doubled. Fourth, and more philosophically, there 
are not nearly enough organic fertilizers available to 
sustain production of the world food crop even at present 
levels, much less at the increasing production levels nec
essary to prevent devastating famines and mass starva
tion. 

Although the home gardener can usually secure suffi
cient organic fertilizer to produce good crops, a balance_d 
fertilizer program using both organic and inorganic fer
tilizers is generally best. In this manner, the organic fer
tilizers can accelerate soil improvement by adding addi
tional organic matter while the inorganic fertilizers in
crease the needed nutrients in a timely and efficient way. 

Organic Fertilizers 

Many different types of organic fertilizers are avail
able. Some contain just a few nutrients, however, most 
contain the whole spectrum of nutrients. One type of or-



ganic fertilizer, which contains all plant nutrients, is, in 
fact, crops or their residues and may be classified as 
green manures, residues and composts. 

Green manures are simply crops grown to provide soil 
cover, increase organic matter, improve soil tilth and pro
vide nutrients for succeeding crops. Green manuring ties 
up the soil when that crop is being grown, therefore, it 
is generally not compatible with sustained gardening. 
The return of crop residues is usually the rule for most 
crops since less plant nutrients are removed when resi
dues are returned. The added benefits of incorporating 
the organic matter also make it desirable to return the 
residues unless it contributes to an insect or disease 
problem. Composting is a very important practice and is 
discussed elsewhere in this publication. 

Animal manures are similar in value to organic ferti
lizers from plants. Their composition is somewhat differ
ent but their uses are nearly the same. Animal manures 
often vary even more in composition than do organic 
fertilizers from plants. Their high moisture percentages 
and ideal physical and chemical conditions for further 
biological decomposition cause them to rapidly degrade 
and the nutrients leach very readily. Thus, Table 3 shows 
average animal manure compositions of fresh manure, 
not partically rotted and dried materials. The composi
tion of bagged dry manure will be considerably different 
because the percentage is then based upon dry weight 
and various losses will have occurred. 

Typical organic fertilizers i animal or plant waste 
products or crops) which contain a few or multiple nu
trients are also included in Table 3. With the exception 
of fresh manure, this table lists the percentages of the 
primary nutrients contained in each of these materials 
based on dry weight. The analysis of these organic ma
terials consists of average values for properly handled 
materials. Materials which have been decomposed or 
leached will have lower analyses. Many of these organic 
materials including manure are now processed, mixed 
and reinforced as animal feeds. This may decrease the 
availability to the home gardener. 

Inorganic Fertilizers 

At this point, a brief discussion of inorganic and or
ganic is in order. An organic compound was originally 
defined as a compound produced by living organisms, 
both plant and animal. Since these compounds contain 
carbon, the definition was extended to all carbon com
pounds, many of which do not exist in living organisms. 
In addition to the many thousands of new organic com
pounds synthesized by chemists, they have also syn
thesized many of the same compounds which living or
ganisms produce. These artificially produced compounds 
are exactly like the natural compounds. 

Inorganic compounds include all compounds which 
are not organic and, in fact, overlap to include some of 
the simple carbonaceous compounds like the carbonates. 
Many inorganic fertilizers such as various phosphate and 
potassium salts occur naturally in deposits laid down by 
nature many years ago. In fact, nature was forming in
organic fertilizers long before any life existed on earth. 
Chemists can synthesize inorganic compounds just as 
they can organic compounds. Since there is no difference 
between naturally occurring compounds, both organic 
and inorganic, and identical synthesized compounds, 
their mode of formation is insignificant. 
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Two of the organic fertilizers listed in Table 3 are 
primarily inorganic following burning but they were 
formed from organic materials. Several of the inorganic 
fertilizers listed in Table 4 are often used by strict or
ganic gardeners even though those like rock phosphate, 
green sand and basic slag are truly inorganic. Further
more, urea, a natural organic compound, also included 
in Table 4, is a commercially produced fertilizer formed 
from inorganic compounds. 

Table 4 lists a number of principle inorganic fertiliz
ers from which mixed fertilizers are usually formed. The 
inorganic fertilizers which are available to gardeners will 
often be blends or mixtures, for example, 12-12-12, 5-10-5, 
and 5-20-20, of these fertilizers. Many of the fertilizers 
listed in Table 4 also contain varying amounts of calcium, 
magnesium and sulfur. These amounts are not given 
since properly limed soils in Ohio rarely have a deficiency 
in any of these elements. 

Commercial fertilizers are labeled to show the content 
of elemental nitrogen ( N ), available phosphorus ( P.,O- ) 
and water soluble potash ( K~O ). Ammonium nitrite,"' a 
nitrogen fertilizer which is 33.5 percent N, will be labeled 
33.5-0-0, while potassium chloride, a potassium fertilizer 
which is 60 percent K.,O, will be labeled 0-0-60. Mixed 
fertilizers are labeled to show the content of nitrogen 
iN), phosphorus ( P~O.-,) and potash ( K.,O) always in 
that exact order and guaranteed analysis. A 12-4-8 mixed 

TABLE 3: Primary Nutrients Contained in 
Organic Fertilizers 

(Average Analysis of Fertilizers Without Losses from 
Leaching or Decomposition) 

Bulky Organic Materials 

Percent 
Nitrogen* 

N 

Alfalfa hay . . . . . . . . . . . . . . . . . . 2.50 
Alfalfa straw . . . . . . . . . . . . . . . . 1.50 
Bean straw . . . . . . . . . . . . . . . . 1.20 
Cattle manure (fresh) . . . . . . . . .55 
Cotton bolls . . . . . . . . . . . . . . . . . 1.00 
Grain straw . . . . . . . . . . . . . . . . . .60 
Hog manure (fresh) . . . . . . . . . . .50 
Horse manure (fresh) . . . . . . . .65 
Olive pomaces . . . . . . . . . . . . . . 1.20 
Peanut hulls . . . . . . . . . . . . . . . . 1.50 
Peat and muck . . . . . . . . . . . . . . 2.30 
Poultry manure (fresh) . . . . . . 1.00 
Sawdust and wood shavings . .20 
Seaweed (kelp) . . . . . . . . . . . . . . .60 
Sheep manure (fresh) . . . . . . . . 1.05 
Timothy hay . . . . . . . . . . . . . . . . 1.02 
Winery pomaces . . . . . . . . . . . . 1.50 

Organic Concentrates 

Animal tankage . . . . . . . . . . . . 9.0 
Bat guano . . . . . . . . . . . . . . . . . . 10.0 
Bone charcoal and 

bone black** . . . . . . . . . . . . . . 1.5 
Bone meal . . . . . . . . . . . . . . . . . . 4.0 
Caster pomace . . . . . . . . . . . . . . 6.0 
Cocoa shell meal . . . . . . . . . . . . 2.5 
Cotton seed meal . . . . . . . . . . 6.0 
Dried blood ................. 13.0 
Fish meal .................. 10.0 
Fish scrap . . . . . . . . . . . . . . . . . . 5.0 
Garbage tankage . . . . . . . . . . . • 2.5 
Hoof and horn meal ........ 12.0 
Sewage sludge . . . . . . . . . . . . . . 3.0 
Soybean meal . . . . . . . . . . . . . . . 7.0 
Steamed bone meal . . . . . . . . .8 
Tobacco dust and stems . . . . 1.5 
Wood ashes** . . . . . . . . . . . . . . .0 
Wool wastes . . . . . . . . . . . . . . . . 7.5 

Percent 
Phosphorus* 

P,O.; 

.50 

.30 

.25 

.15 
.15 
.20 
.35 
.25 
.80 
.12 
.40 
.85 
.10 
.09 
.40 
.20 

1.50 

10.0 
4.5 

32.0 
23.0 

1.9 
1.5 
2.5 
1.5 
6.0 
3.0 
1.5 
2.0 
2.5 
1.2 

30.0 
.5 

2.0 
.0 

Percent 
Potassium* 

K·O 

2.10 
1.50 
1.25 
.45 

4.00 
1.10 

.45 

.50 

.50 

.78 

.75 

.45 

.20 
1.30 
1.00 
1.50 
.80 

1.5 
2.0 

.0 

.0 

.5 
2.5 
1.5 

.8 

.0 

.0 
1.5 

.0 
0.4 
1.5 

.o 
5.0 
6.0 

.o 

*Based on dry weight except for the fresh manures which contain 
about 65 to 85% water. 

**Burning eliminates organic matter and forms inorganic compounds. 



fertilizer contains 12 percent N, 4 percent P:.!O,-,, and 8 
percent K., 0. In other words, a 100 pound bag contains 
12 pounds-N, 4 pounds P:.!O,-,, and 8 pounds K:!O. 

Mixed fertilizers are generally lower analysis and are 
milder than the more concentrated one or two nutrient 
fertilizers. Phosphorus fertilizers are generally milder 
than are either nitrogen or potassium fertilizers. Normal 
care in applying any fertilizer will avoid damaging plants. 

Calculation of Fertilizer Costs 

If economics is a factor in purchasing fertilizer, the 
bag analysis enables the gardener to calculate the price 
per pound of nutrient and make the. best buy. If, for 
example, dry cattle manure had a bag analysis of 1-1-1 
and cost $2.60 for a 50 pound bag, the total nutrient 
content is 1/2 plus % plus % or 1% pounds. The cost is 
$2.60 divided by P/2 pounds, or $1.73 per pound of plant 
nutrient. A 10-10-10 mixed fertilizer which cost $1.90 for 
a 50 pound bag has 5 plus 5 plus 5 or 15 pounds of 
nutrients in the material. The cost is $1.90 divided by 
15 pounds, or 13 cents per pound of plant nutrient. 

If a fertilizer recommendation called for 1 pound N, 
1 pound P:.!O:; and 1 pound K:!O per 1000 square feet 
and the garden is 2000 square feet, then 2 pounds N, 2 
pounds P:.!O:; and 2 pounds K:!O are needed for the gar
den. Four 50-pound bags of a 1-1-1 manure would supply 
the necessary nutrients. However, 20 pounds of a 10-10-10 
would be equally good at supplying these essential nutri-
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EIR CONTROL 

All plants have diseases and recent research shows 
that some of the organisms involved produce carcinogenic 
toxins and have other detrimental effects. Plant disease 
control is a conservation measure. It enables us to make 
fuller and better use of our limited supply of natural 
resources. 

Most plant pathogens cannot be seen without consid
erable magnification. Some virus particles must be mag
nified 100,000 times or more before we can see them. 
This invisibility of the pathogens, plus the seasonal varia
tion of diseases, leads many people astray. Faulty obser
vations lead to wrong conclusions which is why so many 
home remedies fail. Be very cautious about accepting and 
relying upon seemingly simple solutions being sold or 
advocated by those with either an economic or ecologi
cal "ax to grind." 
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ents. The cost for manure would be 4 times $2.60, or 
$10.40 while the cost for the 10-10-10 fertilizer would 
be 20/50 times $1.90 equals $.76. 

TABLE 4: Primary Nutrients Contained in 
Inorganic Fertilizers 

Available 
Percent Percent Percent 

Nitrogen Phosphorus Potassium 
Fertilizer Formula N p,Q.; KtO 

Ammonium nitrate NH,NOa 33.5 0 0 
Ammonium sulfate (NH,),SO, 21 0 0 
Calcium nitrate Ca(NO,), 16 0 0 
Nitrogen solutions (Varies) 20 50 
Sodium nitrate NaNOa 16 0 0 
Urea CO(NH,), 45 0 0 
Ammonium 
phosphate NH,H,PO, mostly 11 48 0 
Diammonium 
phosphate (NH,),HPO, 18 46 0 
Basic slag Ca, Mg, AI silicates 

high in phosphates 0 8 0 
Rock phosphate 3Caa (PO,j,-CaF, mostly 0 5 0 
20 percent CaH,(PO,), and 
superphosphate Ca,H,(PO,), 0 20 0 
Concentrated 
superphosphate CaH ,(PO,), 0 45 0 
Superphosphoric 
acid, polyphosphate HaPO, and H,p,o, 0 76 0 
Green sand 
(Glauconite) KFeSi,Ou · nH,O 0 1 6 
Muriate of potash KCL 0 0 60 
Potassium sulfate K,so, 0 0 50 
Potassium 
magnesium sulfate K,so, · 2MgSO, 0 0 21 
Potassium nitrate KNO, 13 0 44 

Plant disease control is accomplished in many ways, 
depending upon the dictates of past experience and the 
situation at hand. Generally, a combination of techniques 
or methods is needed. This is especially true when the 
weather and other conditions are favorable for the de
velopment of diseases. 

Disease control measures are based primarily upon 
prevention, because in most cases once a plant is in
fected, there is no cure. Anything that will kill or remove 
the pathogen is likely to kill or seriously injure the plant 
as well. 

Since most garden plants grow best in fertile soil that 
is well drained, a lot of problems can be avoided by se
lecting a spot with this kind of soil. If such a spot is not 
available, one should either forget about gardening, ex
pect frequent failure, or modify a spot by supplying ade
quate ditch or tile drainage and applying the necessary 
chemical elements needed for good plant growth (see 
discussions of these topics elsewhere in this publication). 

Many of our most destructive plant diseases are im
ports. They were brought in from outside the country in, 
on, or with plant materials. Plant inspection and quaran
tine are an important part of disease control. 

Disease Resistance 

A second prime consideration is to plant those culti
vars ( varieties ) that are resistant to as many diseases as 
possible. However, plants resistant to diseases in one area 
or part of the country may not be resistant in another 
because of different pathogens in the two areas or dif
ferent races of the same pathogens. Also, the natural 
processes of mutation and hybridization are always at 
work in nature and new strains or races of pathogens are 



likely to arise at any time. Cultivars that were resistant 
and did very well several years ago may be useless today. 

Although most kinds of plants that have survived cen
turies of living are resistant to perhaps 99 percent of all 
pathogens, they only have to be highly susceptible to one 
pathogen to be a failure, unless other control measures 
are taken. 

Rotation 

When planning a garden, select a spot where vege
tables and/or flowers have not been grown before or at 
least for several years. Then plan for and follow a regu
lar rotation. This consists of planting the same kinds of 
plants in a different part of the garden each year and in 
such a way that the same kind of plants are not grown 
in the same spot any more often than once every three 
or four years. Since the tomato, potato, pepper and egg. 
plant all belong to the same plant family and get many 
of the same diseases, following one with another is not 
rotation from a disease control standpoint. 

Sanitation, Weeds and Compost 

Sanitation is important in the control of diseases. 
Most pathogens survive between growing seasons on dis
eased plant refuse. Dispose of infected plant refuse by 
burning, complete burial, composting or in some other 
way so that it will not come in contact with healthy 
plants nor be exposed to the open air. Most pathogenic 
fungi produce spores (seeds) on diseased plant tissue 
and the spores of many can be blown for several miles. 
When diseased plant material is added to a compost pile, 
do not use the compost until all plant parts have decayed 
beyond any trace of recognition. This will take 2 years 
or more. 

Many weeds harbor disease agents, especially viruses 
and wilt inducing organisms. They should be eliminated 
from the garden and vicinity. This includes wild brambles 
and wild strawberries if bramble fruits and strawberries 
are to be a part of the planting. 

In addition, buy and plant only clean, disease-free 
seeds and plants. Any other kind, even though received 
as a gift, can turn out to be very disappointing and even 
expensive in the long run. 

Chemical Disease Control 

All the previously mentioned practices are one kind 
or another of biological control and will control perhaps 
90 percent of the possible diseases. However, many 
plants are attacked by one or more diseases not con
trolled by these methods. For such diseases, chemical 
treatments are frequently needed. 
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Many different compounds are useful in the control 
of such plant diseases. These compounds fall into such 
groups as seed treatment compounds, foliar sprays, soil 
fumigants, post harvest dips, and others. Some are ef
fective against many disease inciting organisms and are 
called broad spectrum materials. Others are very spe
cific and will control only a few kinds. Those produced 
by microorganisms are called antibiotics. 

Seed treatment compounds are applied in very 
small quantities to seeds before they are planted. These 
compounds are designed to prevent or reduce seed rots 
and seedling blights. They conserve seed by making it 
possible to get a vigorous stand of plants when seed are 
planted under adverse conditions or when such condi
tions occur soon after planting. 

Drenches and fumigants are for the control of root 
rots, nematodes and other root or crown damaging or
ganisms that live in the soil. Many soil fumigants also 
kill weeds and weed seeds. 

Foliar sprays or dusts are applied to the leaves and 
branches of plants to control those organisms that blow 
around in the air or are splashed up onto plants from 
the soil or trash lying on top of the soil. Most fungicides 
and bactericides are protectants and must be applied 
before plants become infected. Once infection takes 
place, anything that will arrest it is likely to kill or 
seriously injure the plant. Thus, disease control recom
mendations usually call for a series of applications ap
plied at regular intervals of 7 to 14 days during those 
periods when infections are likely to occur. 

Insect control is an important part of plant disease 
control because the wounds insects make while feeding 
on plants are readily invaded by certain pathogens. 
Also many viruses and bacterial plant pathogens are 
carried by insects and injected into or otherwise get 
inside plants during the feeding process. 

Most fungicides have a low level of toxicity to hu
mans, see Table on page 15, but still need to be treated 
with respect and should not be used except when and 
where past experience has shown a need. Apply them 
with caution and avoid drift. Some people are allergic 
to some compounds and some can cause considerable 
irritation to the eyes and skin. After handling or work
ing with pesticides of any kind, it is a good plan to 
thoroughly wash your hands, face and other exposed 
areas of the body before eating, smoking, etc. 

For the use of specific materials for the control of 
specific diseases, please contact your local County Co
operative Extension Office. 



Gardening without the full use of insecticides has 
been practiced for centuries with success. However, this 
method requires much more time, is more successful 
on a small plot, and greater losses of produce at harvest 
can be expected. 

In the past few years, there has been an upsurge in 
interest in gardening organically without the use of any 
insecticide. Perhaps, a great many of the newer organic 
gardeners have been scared away from using insecti
cides after reading publications like Silent Spring. Dur
ing the late 60s and early 70s, many people for and 
against insecticides spoke out and pesticides were in the 
news constantly. Also, during this time many people 
presented their ways and experiences of gardening 
without using chemicals. Some confusion has arisen as 
to what is fact and what is fancy. 

A point we must keep in mind is that in any one 
year, certain troublesome insects may fail to appear in 
large enough numbers to cause damage to our gardens. 
In other years, conditions may be very favorable to many 
insects and we have considerable crop damage or com
plete loss. Temperatures, humidity, rainfall, and natural 
enemies, all play an important part in insect abundance. 

In general, established organic gardening publica
tions advocate the use of insecticides when insects get 
out of hand. An effort is generally made to recommend 
natural insecticides, such as rotenone, ryania, and nico
tine sulfate instead of modern synthetic compounds, 
even though in reality, the synthetic materials are less 
toxic and more efficient. 

There will be times in the garden when non-chemical 
methods will fail to prevent excessive injury to our gar
den crops and we will need to consider using insecti
cides. An understanding of insecticides helps us to use 
them wisely and realize that they can be an aid without 
creating harm to a person or his environment. Let's 
look at the toxicity of insecticides, the testing of insecti
cides, the insecticide label, and insecticide residues on 
harvested vegetables. 

How Toxic Are Insecticides? 
All insecticides are poisonous, but so is table salt. 

However, some are much more toxic than others. The 
insecticide label states in the precaution section how 
toxic the insecticide is. For example, a skull and cross
bones will always be found on the label of highly toxic 
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materials; this is required by law. Those of medium 
toxicity carry less severe warning statements. 

The toxicity of an insecticide is expressed by the 
terms Oral and Dermal LD:;o· 

LD ·' 0 means the dosage of poison that is lethal to 
(will kill) 50 percent of the test animals (usually rats 
or rabbits) with a single application of the "pure" in
secticide for a given weight of animal (milligram per 
kilogram of body weight (mg/kg). The lower the LD~"' 
value, the more toxic the material. 

Oral LD~.o is a measure of the toxicity of the insecti
cide when administered internally to the test animals. 

Dermal LD~," is a measure of toxicity when the "pure" 
insecticide is applied to the skin of the test animals. 
Generally, the oral application is more toxic than the 
dermal. 

We must be careful how we interpret the LD:; 0 value 
of a pesticide. Keep the following facts in mind: ( 1 ) 
Hazards presented by any compound depend on how it is 
used rather than on how toxic it is. ( 2 ) Toxicity may 
vary with species, age, sex, nutritional state, and formu
lation of poison as well as with the type of application. 
Since LD., 11 values are given for lower animals, they can 
be applied only with reservation to man. ( 3) An LD~>~ 1 
value is a statistic which in itself gives no information 
about the dosage that will be fatal to a very small pro
portion of a large group of animals. ( 4) LD:; 0 values are 
usually expressed in terms of single dosages only. Thus, 
these values give no information about the possible cumu
lative effects of a compound. 

In spite of its shortcomings, the LD., 11 value is at least 
a general measure of the relative toxicity of a compound. 
Many publications are available which list the LD:; 11 

values of major pesticides. If you want to know the rela
tive toxicity of an insecticide to test animals, ask your 
county extension agent. 

Table 5 lists a group of chemicals that are commonly 
recommended and their Oral and Dermal LD~o values. 
Remember, the lower the LD,,0 value, the more toxic the 
pesticide. Materials with an LD,,11 value of less than 100 
should be considered highly toxic and handled with ex
treme caution. Pesticide labels often state that the con
tents should be used by trained or professional appli
cators only. These materials should never be used by 
the layman. 

Pesticides Tested Thoroughly 

Contrary to the belief of many pesticide critics, ma
terials are thoroughly studied and tested before they are 
sold to the public. Researchers in industry and state uni
versities spend many painstaking years to collect data 
required by EPA to get a pesticide registered for sale to 
the consumer. All in all, developing a pesticide that is 
ready for use by the general public may take 4 to 6 years 
and an investment of $5 to $6 million. 

Insect Control With and Without Pesticides 
One of the first steps in dealing with insects in the 

garden is identification. We must learn to identify the 
beneficial as well as the destructive ones. Once we know 
an insect's identity, we can find out its life cycle, habits, 
food plants, number of generations, and other informa
tion necessary for its management. 



Gardeners may get help in identifying insects by 
wnting or visiting the county extension agent. 

Most organic gardeners use insecticides when pests 
get out of hand, so we will present the information in this 
section with that thought in mind. 

Soil Insects 

Land that has been in sod for fibrous root plants for 
several years is inhabited by a complex of soil insects 
such as wireworms, white grubs, and cutworms. Planting 
a garden in an area like this can result in heavy damage 
to vegetables or other crops the first and second seasons. 
In such situations, one may have to apply an insecticide 
like chlordane to the spaded ground and work it into the 
soil with a rototiller to a depth of 3 to 5 inches before 
vegetables can be grown. Chlordane will protect the roots 
of crops for 3 seasons. However before using chlordane, 
check the label to make sure it can be used as a soil 

TABLE 5: LD~ ... Values of Common Chemicals and Other 
Materials 

LDr.n means the dosage of poison that is lethal to-will kill-
50 percent of the test animals. The lower the LD,, value (number), 

the more toxic the material. 

LO.-... Value LO.-... Value 
Chemical or Oral (mg/kg)• Dermal (mg/kg)' 

material (by mouth) (on skin) 

~tepp 1 2 
H phorate (Thimet) 1.7 4.4 

Phosdrin 6 5 
Systox" 6 14 

I Di-Syston" 7 15 

G nicotine (tobacco) 10 140 
Dasanit 11 30 

H 
endrin 12.7 16.5 
parathion 13 21 
Guthion 13 220 

L Paris green 22 
phosphamidon' 24 143 

y Trithion 30 54 
strychnine 30 
EPN 36 230 

T 
mercury seed treaters 37 
aldrin 39 98 
Triodan 43 130 

0 dieldrin 46 90 
kerosene 50 

X Ethion 65 246 
Meta-Systox' 65 250 
rotenone 75 940 
nicotine sulfate 83 285 

c lindane 88 1000 
toxaphene 90 1075 
heptachlor 100 195 

diazinon 108 900 
DDT 118 2510 
gasoline 150 
caffeine (coffee, tea, etc.) 200 
Cygon" 215 400 
Dibrom 250 800 
chlordane 335 840 
Sevin 850 4000 
Kelthane 1100 1230 
Ryania 1200 4000 
BHC 1250 840 
malathion 1375 4444 
pyrethrins 1500 1800 
Morestan 1800 2000 
table salt 3320 
methoxychlor 5000 6000 
maneb 6750 
piperonyl butoxide 7500 1880 
Ted ion 14700 10000 
cap tan 15000 

'(mg/kg) means milligrams of actual toxicant per kilogram of body 
weight taken or<'llly (by mouth) or applied dermally (on skin). 1 milli
gram = 1/1000 of a gram; 454 grams= 1 pound; 1 kilogram= 2.2 
pounds. 

'Systemic insecticides. 
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insecticide for the crops you want to plant. Carrots 
cannot be planted in chlordane treated soils. If you do 
not want to use chlordane, the organic phosphate insecti
cide diazinon may be used. It lasts only one season. An
other method is seed treatment with an approved seed 
treating insecticide. 

Resistant Varieties 

All gardeners should use pest resistant varieties 
whenever possible. These varieties are less "tasty" to 
some insects and are not normally damaged. Seed cata
logs often state the nature of resistance in various vari
eties. Sometimes a variety may be resistant to an insect 
but is susceptible to some other condition. A gardener's 
experiences with different varieties soon tell him which 
ones are best suited for his garden. 

Home Remedies 

Home prepared pesticides are used by some gardeners 
and are publicized as seemingly successful. Be particu
larly wary of those methods that suggest boiling plant 
parts or grinding them up in a water solution to use as a 
spray on your vegetables. This spray solution can be 
very poisonous. For example, boiling rhubarb leaves or 
soaking tobacco stems in water is apparently practiced 
by some gardeners. Both these plants contain poisons 
that are extremely toxic and should be dealt with very 
carefully. 

Be leery also of so called simple methods of insect 
control, especially those that claim to rid your garden of 
all insect pests. For example, light traps will attract and 
collect hundreds of insects, both harmful and beneficial. 
But, remember that light traps also attract insects into 
the area that normally would pass on by. Many of these 
insects do not get caught in the traps but remain in the 
area to cause damage later. Wingless insects are not 
caught by traps, and those that are active only in the 
daytime do not come out at night, thus avoiding capture. 

Biologica I Controls 

Much publicity has been given to the use of predators 
and parasites for garden insect control. Lady beetles may 
be purchased by the gallon and preying mantids by the 
egg mass, at a price of course. Shipped in beetles often 
die for Jack of food, or disperse over a large area as 
soon as they are released. Mantids will eat each other, 
if food is scarce. 

More sophisticated, non-chemical methods today in
clude the use of phermone (sex l traps. These traps 
capture male moths on sticky surfaces after they have 
been lured to the trap by the artificial sex hormone. 
Phermone traps are valuable tools to entomologists, but 
their real value to the home gardener is not known at this 
time. 

It is possible to raise some crops in your garden with
out a regular spray program. A suggested procedure is as 
follows: Use insect resistant varieties when possible. 
Learn to identify both beneficial and destructive insects 
and their life cycles. Hand pick pests on a regular basis. 
If a crop is susceptible to insects at certain st:J.ges of 
its growth, use safe insecticides at those times, being sure 
to follow the label instructions. Be careful about home 
remedies that may involve toxic plants or special devices. 
Ask your county extension agent about these methods before 
using them. 
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FOODS IN A C 

Today, more than ever before, we are witnessing a 
growing interest in food and health. Some people are 
becoming overly concerned with the healthfulness of 
their food. They are being led to believe that, miracu
lously, elements are being robbed from food and that 
there is a vicious body of commerce that adds poisons to 
what they eat. Individuals have resorted to an excessive 
use of vitamin tablets and mineral preparations, patron
izing health food stores, engaging in organic gardening 
and are being addicted to fad diets. Food is thought to 
have magical properties that help in promoting good 
health. Perhaps the most concerned group is the most 
threatened. 

What's in a Name 
Organic Foods, Health Foods, or Natural Foods 

Current usage and meanings of "organic foods", 
"health foods", and "natural foods" creates some con
fusion in today's consumer. No official definitions are 
available for these three terms. The word organic refers 
to that branch of chemistry dealing with carbon-based 
molecules. Compounds which could be synthesized by 
living things are usually classified as organic although 
so-called organic compounds could also be produced in 
a laboratory. Compounds that occur in non-living forms 
are classed as inorganic. Mineral nutrients belong to 
this classification. Organic compounds of nutritional sig
nificance are carbohydrates, proteins, lipids (or fat), and 
vitamins. Strictly speaking, all foods are "organic" in 
nature because they are compounds containing carbon. 

Foods labeled "organic", frequently sold in specialty 
food shops, health food stores, and in special sections of 
a supermarket or department store are those "organically 
grown". Produce must be grown on soils fertilized with 
organic matter (compost and manure). No chemical pesti
cides or artificial fertilizers are used. When processing 
organically grown plants, no chemical preservatives or 
additives of any type should be used. Beef, lamb, pork, 
and poultry must be fed only on organically grown pas
ture, spray-free and natural feed. Meats should not be 
treated with hormones, antibiotics, or vaccines. 

In the absence of a specific definition for "health 
foods", one could describe them as foods that promote 
both physiologic and psychologic health. All edible foods 
are "health foods" regardless of whether they are pur
chased in a grocery store or health food store. There is 
no single food or combination of food items that have 
any health-giving properties other than the nutrients 
the food provides. The concept of good nutrition means 
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a supply of all the nutrients in adequate amounts for 
an individual to attain a state of good health and well
being. 

"Natural foods" is the term often used to mean 
"organically grown foods" with the addition that in 
processing these foods, no chemical preservatives or 
additives are added to them. If a simple chemical sub
stance such as salt or sugar is added to "natural foods", 
the food no longer is natural. Foods are either natural 
or are manufactured from their original form. Many 
individual nutrients may either be of natural origin or 
manufactured synthetically. Vitamin C or ascorbic acid 
which occurs naturally in citrus fruits can also be manu
factured chemically as a nutrient, then added to foods 
that may be low or lacking in it. These individual nu
trients whether they occur naturally in foods or are 
manufactured in a laboratory and then added to foods 
are identical chemically and biologically. 

Fact and Fancy 

The current emphasis on man's interdependence with 
his natural environment provides the right setting for 
health foods, organic foods, and natural foods. Claims 
are being made that "organically grown" foods are more 
nutritious and taste better than those grown in a con
ventional garden or farm because "toxic fertilizers and 
pesticides" are not used. "Health" and "natural" foods 
possess unusual health benefits which can overcome dis
ease and increase one's life span. Food additives are 
being condemned because they are chemicals that 
"poison" the food supply. "Synthetic" vitamins are nu
tritionally inferior to those occurring in nature. Such are 
some of the imaginative charges that health food pro
moters have. Their intolerance and impatience with sci
entific methods make them stretch any little piece of 
evidence to support their claims. Usually, these claims 
have very little, if any, scientific validity. 

Are Foods Labeled 
"Organic" More Nutritious? 

The use of organic material on soils does not change 
the nutrient composition of the crops. Plants, through 
the process of photosynthesis, turn simple chemical sub
stances from the soil into complex carbohydrate mole
cules of food. Compost and manure have to be broken 
down by bacteria to form nitrate, potassium, and phos
phate before they are absorbed in the plant's root sys
tem. The same compounds may also be taken from 
chemical fertilizers. · The nutrient composition of a 
plant is influenced primarily by the genetic composition 
of the seed and the maturity of the plant at harvest 
time. Fertilization, regardless of the type, does not in
fluence the protein, fat, carbohydrate, and vitamin con
tent of a plant. It influences, however, the mineral com
position. Soil with more iodine will give more of the 
mineral to the plant. There has been no research that 
demonstrates the nutritional advantage of organically 
fertilized food over food grown with chemical fertilizers. 
Fertilization is most important for crop yields. It has 
only a minor role to play, if any, on nutritive quality. 

According to Ruth Leverton, Science Advisor for the 
United States Department of Agriculture, foods labeled organic 
may have desirable characteristics not always found at the 
usual market; they may be fresher and more flavorful. How
ever, greater value in vitamins and minerals is not likely to be 
one of these characteristics. 



A common assertion of "natural" food advocates is 
that commercial food processing methods remove all 
essential nutrients in the food and add "poisons" to serve 
as preservatives, color enhancers, stabilizers, and flavor
ing agents. 

In food processing, many essential nutrients are lost 
or destroyed, others are conserved while still others are 
enhanced. Milling and refining of grains are processing 
techniques where nutrient loss may be substantial. Nutri
ents can also be destroyed by exposure to air, heat, light, 
and alkali. However, nutrients may also be added to foods 
by processes known as enrichment and fortification. En
richment is adding back to grains, flour, and bread speci
fic nutrients that were lost in the milling process. Forti
fication is the addition of nutrients not normally present 
in the food in its natural state. An example is vitamin D 
fortified milk. 

Commercial processing techniques conserve essential 
nutrients because of proximity to source of production, 
promptness in processing, and excellent controls, which 
result in foods with nutrient levels comparable if not 
higher than the fresh product. 

Who Buys Organic Foods? 

A new kind of consumer, very doubtful about food 
purity, has been instrumental in pushing the demand for 
organic food. The number of organic food stores and 
health food centers has increased throughout the United 
States. Even grocery stores and supermarkets have 
introduced special sections for the sale of "health foods." 

There are three well defined groups of individuals 
who buy organic foods: 

1. Those motivated by a sheer desire for good food. 
2. Those concerned about environmental pollution 

because of a persistent use of chemical fertilizers, herbi
cides, and pesticides. 

3. Those who are apprehensive about their physical 
appearance and well being which they associate with the 
food they eat. This latter group believes that "natural 
foods" have super powers and that it hardly matters what 
the food tastes like. 

Organic foods tend to be higher priced than conven
tional foods because the demand is way beyond the 
supply. The organic farm is small and requires more 
manual labor. Crop losses are great when biological con
trols fail. Shipping costs are high since much of the 
"organically grown" produce comes from the West Coast. 
Because of an increased susceptibility to insects and 
plant diseases, organic foods are more expensive. An
other cost factor is the large amount of organic matter 
needed to grow these foods. 

A survey by the USDA in the Washington area has 
made one point about organic food. A market basket 
of 29 standard foods bought in a supermarket cost $11. 
A basket of 29 organic-labeled counterparts cost $20.30 
in a supermarket's organic section, $21.90 in a health 
food store and $17.80 in a natural food store. 

The following are excerpts from Agriculture's survey: 
Price of "organic" counterpart in 

Price of Natural Health Supermarket 
regular food in food food organic 

Food supermarket store store section 

qt. canned apple juice $.29 $ .51 $ .75 .65 
lb. dried, pitted peaches .73 1.55 1.68 1.32 
lb. cornmeal .14 .21 .44 .20 
lb. honey .55 .50 1.05 .79 
lb. whole fryer chicken .33 not sold .75 .59 
lb. Rome apples .20 .20 not sold .30 
lb. cucumbers .19 .57 .69 .79 
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Dairy products are being sold for a price that is 
150 percent more than at the supermarket. Meat, dry 
beans, and cereals are 140 to 250 percent above grocery 
store prices. This price mark up is of a similar nature for 
bread and fresh produce. Some marketers and retailers 
label conventional produce as "organic" to command 
higher prices. Spending money and paying premium 
prices for these products often means that not enough of 
the food budget is left to buy the other foods needed in 
a nutritionally balanced diet. 

Are They Really "Organic" and Wholesome? 

Questions have been raised on whether the food sold 
as "organic" is really organically grown. Due to the lack 
of standards and controls, it is very easy to stamp "or
ganic" on anything. It is also difficult to determine the 
specific type of fertilizer used. Pesticide levels can be 
detected and this means that a test for organic food is a 
"No Pesticide" test. 

Organic foods in themselves are not harmful. How
ever, a diet exclusively consisting of organic and health 
foods could be deficient in many nutrients. 

Salmonella organism may be carried not only in 
human waste products but also in manure from cattle, 
pigs, and other barnyard animals. Organically grown 
produce would be more susceptible to salmonella. 
Organically grown foods are not likely to be any less 
free of contamination by filth, mold, bacterial growth, 
natural toxins, or even such heavy minerals as lead and 
mercury than food grown using scientific methods. 

A Way of Eating 
Food habits and dietary patterns are changing. More 

meals are eaten outside the home. The trend is shifting 
from traditional foods toward a more primitive way of 
eating. Food and health related cults have developed 
around false and often dangerous ideas. A growing num
ber of young people are following such cults because 
factual knowledge of nutritional science is fragmentary 
and used out of context. 

Bizarre Diets 

Unusual dietary patterns become an important part 
of a total philosophic movement which includes a change 
in the way of life as well as in eating habits. Often, these 
exotic and unusual diets are stronger in philosophy than 
nutrients and become a real potential for malnutrition. 

The Macrobiotic Diet consists of a regimen with heavy 
emphasis on brown rice supplemented by small amounts 



of vegetables and occasional servings of fish, meat, dairy 
products, or fruit. The diet becomes progressively more 
limited, culminating in a diet that consists of brown rice 
alone. Water and other liquids, except tea, are restricted 
drastically. Brown rice alone does not provide adequate 
nutrition. The macrobiotic diet is indeed a very danger
ous fad diet that is lacking in most vitamins, protein, 
and iron. 

The Mucusless Diet is an equally dangerous routine. 
The diet progresses toward fruit and fruit juices alone. 
All other foods produce mucus which is attributed as the 
cause of most poor health. Fruits are good sources of 
some minerals and vitamins, water, and sugar. When this 
diet is followed by younger children, they may not de
velop scurvy but could well become candidates for 
kwashiorkor (a nutritional disease of infants and chil
dren) or marasmus. 

Most Vegetarian Diets provide a variety of fruit and 
vegetables. Soybean products, other legumes, and nuts 
are used frequently. Most vegetarians consume generous 
amounts of milk, cheese, and eggs. Vegetarian diets of 
this type are nutritionally balanced. Women who are on 
vegetarian diets may develop other dietary problems 
related to a lack in dietary iron. To obtain a sufficient 
amount of iron, a woman must depend on whole grain or 
enriched cereal and bread products, clark green leafy 
vegetables, legumes, and selected fruits, all in generous 
amounts to meet her increased needs for the mineral. 

Health Implications 

Health is the result of many factors, one of which is 
food. The body uses varying amounts of some 57 nutri
ents. None of these nutrients is a "health" nutrient. Any 
nutrient required for human nutrition is essential to life 
and health even though some nutrients are required only 
in very small amounts. 

A food additive, broadly speaking, is anything that is 
added to food. However, this definition is too broad as it 
would necessarily include such things as salt, sugar and 
water. The Food Protection Committee of The National 
Academy of Sciences-National Research Council defined 
a food additive in 1959 as ''a substance or mixture of 
substances, other than a basic foodstuff, which is present 
in food as a result of any aspect of production, proces
sing, storage or packing. The term does not include 
chance contaminants." This covers all aspects of the FDA 
definition as set out in the 1958 Food Additive Amend
ment to the Food, Drug and Cosmetic Act. Moreover, it is 
generally the way in which the general public views 
food additives and rightly eliminates unintentional addi
tives (chance contaminants) from consideration, thus 
focusing our attention on the intentional additives. 

There is no single food or combination of food items 
that have any health giving properties other than the 
nutrients they provide. Individuals who persist in adopt
ing the more rigid diets of Zen Macrobiotics and other 
bizarre regimens are in grave danger of incurring serious 
nutritional deficiencies. Cases of scurvy, hypoprotein
emia, anemia, hypocalcemia, and emaciation due to star
vation in addtiion to kidney malfunction have been docu
mented, some of which have resulted in death. When a 
diet has been reported to cause irreversible damage to 
health, it should be condemned as a threat to human 
health. 

We Are What We Eat 
The concept of good nutrition means a supply of all 

nutrients in adequate amounts for the individual to 
attain a state of good health and well-being. Each person's 
nutrient needs are different. These needs are based on 
age, sex, size, reproductive status and level of physical 
activity. Incliviclual variations not only exist at the physio
logical level but also at the biochemical level as demon
strated by the effects of inborn errors of metabolism. 
Every individual is exceptional in his nutrient require
ments and ability to utilize them. 

Nutrient requirements and functions in the body are 
so interrelated that the presence of all the nutrients but 
one or two would upset the balance. 

If we think of food in terms of nutrients, then what 
we need is a variety of good food. Protein, B-vitamins, 
and iron come from meat and meat products; calcium, 
protein, and riboflavin are found in dairy products; 
carbohydrates, B-vitamins, and minerals are. the good 
features of breads and cereal products; while vitamin C, 
vitamin A, minerals, and bulk are the major contribution 
of fruits and vegetables. Some fat is basic but is sup
plied in ample amounts by the four food groups. Water, 
next to oxygen in the air, is the most basic nutrient the 
body requires. 

For regulating purposes, food additives fall into two main 
categories: 

(a) food additives 
(b) Generally Recognized as Safe-GRAS-category of 

food additives 

FDA regulates the use of substances designated as food ad
ditives in relation to the foods to which they may be used and 
the amount of additive which may be used in a given food 
stuff. The GRAS category of food additives, assumed safe be
cause they have been used in food for many years, are not as 
carefully regulated. However, the food additives on the GRAS 
list are currently being re-examine~ for safety. 

Manufacturers use additives to promote desirable 
changes in food and to prevent undesirable changes from 
occurring - to stabilize the food, in other words. On this 
basis, the various additives may be classified as follows: 

Additives Causing Changes 
in Color and Appearance 

(a) Color additives: These are covered by the 1960 Color 
Additives Amendment to the Food, Drug and Cos
~etic Act. The certified colors of synthetic origin 
mclude two reds, two yellows, two blues, one violet 
and one green. Certain colors may be used only for 
specific purposes such as orange B for sausage cas
ings, Citrus Reel No. 2 for coloring oranges and 
Ponceau SX for coloring maraschino cherries. The 
uncertified colors are of natural origin and include 
Beta-carotene, caramel, paprika and saffron. 



(b) Enzymes: Certain pectic enzymes are used in the 
production of fruit juices ( such as apple and wine) 
to clarify the product. They act only on the pectins in 
the fruit juices. 

Additives Causing Changes in Flavor 

(a) Acidulants: These include citric acid (a natural com
ponent of many fruits), phosphoric acid, malic acid, 
tartaric acid and fumaric acid. Generally these occur 
naturally. 

(b) Natural and synthetic flavorings: Numerically this is 
the largest class of additives, though used at very 
low concentrations. The natural flavorings include 
the spices and products derived from these such 
as essential oil and oleoresins. The synthetic flavor
ings are the pure components which have been found 
to contribute to natural flavor and which may be 
prepared synthetically. 

(c) Non-nutritive sweeteners: Probably the most con
troversial of all the additives, these include saccharin 
and, formerly, the cyclamates. Replacements for the 
cyclamates are in sight, the most promising being a 
dipeptide which is 160-250 times as sweet as sugar. 
Much research is in progress in this area. 

(d) Flavor enhancers also controversial: Best known is 
monosodium glutamate which accentuates the flavor 
of meaty dishes. Maltol enhances the flavors of soft 
drinks, jams, jellies and gelatin puddings. The 5'
nucleotides are also used in meat dishes. 

Additives Causing Changes in Texture 

(a) Gums: These may be natural, semi-synthetic or syn
thetic. Natural gums may be derived from trees 
( gum arabic, tragacanth); from seeds ( guar gum ) ; 
from seaweeds ( algi nates, carrageenan ) ; from micro
bial fermentation ( dextran, xanthan ) ; or other 
sources (pectin). The semi-synthetic gums include 
carboxymethyl cellulose or CMC and other cellulose 
and starch derivatives. They are generally non
nutritive and have been shown to be harmless. To
gether with starch, they account for the bulk of food 
additive use. They are used to promote body in foods 
and to stabilize emulsions. 

(b) Starches are derived from a variety of sources and 
are used much as the gums: Being cheap, they are 
very widely used. Starch hydrolysates, known as 

corn syrups, provide texture in certain foods but 
may also control sweetness. They are digestible. 

(c) Surface active agents may be natural or synthetic: 
Their function is to stabilize emulsified foods such as 
mayonnaise and salad dressings. The most widely 
used is lecithin which is found in egg yolks. Dioctyl 
sodium sulfosuccniate ( DOSS ) may be used to pro
mote dispersibility of powders. Other additives in 
this category are polysorbates, glycerol and propy
lene glycol esters. 

(d) Enzymes are sometimes used to promote texture 
changes: These include the proteases found in meat 
tenderizers. 

Additives Causing Changes in Nutritive Value 

(a) Vitamins: Many vitamins are added to food, notably 
vitamin C and vitamins of the B group. Vitamin A 
may be added deliberately or as one of the natural 
carotenoid colors. 

(b) Amino acids are added to protein foods to correct a 
natural deficiency: Thus, lysine is added to bread. 
Tryptophan may be added to corn products and 
methionine to soybean products. 

The addition of these materials to foods is known 
as fortification. 

Additives Promoting Stabilization of the Food 

(a) Antimicrobial agents are used to suppress the 
growth of bacteria and molds: They include benzo
ates, sorbates, propionates and sulfites. 

(b) Antioxidants are only slightly less controversial than 
sweeteners: They prevent the onset of rancidity in 
foods by oxidation of fats., They include BHA, BHT 
and alpha-tocopherol or vitamin E. 

(c) Sequestrants also help to prevent rancidity by tying 
up minerals that could catalyze this: Phosphates, 
citric acid and EDTA are examples of this class. 

(d) Polyhydric alcohols: These additives such as glycerol 
help keep food moist. 

The above list of additives is necessarily a very brief 
and incomplete list. For further information, the Hand
book of Food Additives, edited by Thomas E. Furia and 
published by the Chemical Rubber Company of Cleve
land, Ohio, may be consulted. 
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