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ANIMAL
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SOURCES AND CYCLES OF THE
NUTRITIVE ELEMENTS

by E.J. Kraus 1

I 11 t soil, the atmosphere, the plant, and the animal are parts of a great
cycle of life in which the same materials are used over and over again.
This article shows how the cycle operates, how plants alone have the
power to store up the energy needed by animals and man, and how they
furnish other nutritive elements derived from the soil. The author makes
a plea for a new, unified approach to the problems of nutrition, arguing
that much can be done to control the nutritive value as well as the quality
of plant products by proper cultural methods, beginning with the handling
of the soil.

depend upon plants for their existence and both depend
upon the soil, or rather the nutrients in the soil. People now take
this for granted, although the recent publicizing of the use of water
cultures has somewhat confused the issue by making soil seem unnecessary. The vast quantities of food obtained from rivers, lakes,
and other bodies of water are ultimately derived from the nutrient
salts that are present in the water and are constantly being renewed
or added to from the land areas. These nutrient materials must be
in solution in the water or in soil moisture before they enter the plant.
After entrance they become a part of the vast complex of compounds
that make up the plant body. They also make up the body of the
animal that consumes the plant.
Attempts to determine which of these elements are essential, what
their relative proportions for any desired type of plant development
must be, and above all, the means of supplying them and providing
for their renewal and replacement constitute the major portion of the
investigative work dealing with plants. As scientific knowledge progresses, it becomes increasingly obvious that the whole cycle of interactions and interdependencies of plants and animals must be studied
simultaneously. These must then be integrated in terms of the
environment in which the plants and animals develop. By this
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method a comprehensive grasp of the biologic problem of agriculture
may be gained, and the whole interpreted in terms of its social significance.
HOW PLANTS STORE ENERGY
The vital or living process, whether in plant or animal, always
involves a greater or lesser expenditure or release of energy. Tlie
source of this energy used by both plants and aniînals is food. Food
occurs in a very great variety of forms and degrees of complexity,
and technically the term would include many substances not commonly
recognized as food. But whether foods are relatively simple or
complex in their chemical make-up, their principal importance in the
economy of the plant and animal worlds is due to the energy they
yield.
In general, animals possess only the capacity of releasing energy
from foods, whereas green plants have the capacity not only of rèleashig energy from foods but also of maïuifacturing food or accumulating energy in a form utilizable by themselves or animals. This is a
very important fmiction. The capacity of green plants for manufacturing food, that is, accumnlating energy as food, places them at
the forefront in any system of economy dealing with living things.
Green plants accomplish energy accumulation by decomposing
carbon dioxide and water, two substances relatively low in energy
content, and recombining a part of these products, in the presence of
light, to form sugar, a substance relatively high in energy content
and of great food value. The release of oxygen into the atmosphere
during the process of decomposing carbon dioxide and water and
making food is scarcely less important, for oxygen is essential to
many animals and plants for the utilization of the energy stored in
foods.
Without green plants all the higher animals existing today would
eventually perish. They are completely dependent upon the foods
made by green plants or stored in excess of their own needs for growth
and development.
In addition to carbon dioxide and water the green plant requires
for its living processes a fairly wide variety of other chemical elements,
which are supplied to it from the soil, water, or the atmosphere.
Without any one of these necessary elements, the plant cannot build
up foods nor can it contiiuie to live. Even though all these elements
may be present in any given medium in which a plant may be living,
there may be a wide variation in the relative quantities. It has been
found that the character of growth and rate of development of a
plant varies greatly with the abundance or scarcity of these various
elements in relation to one other. One of the principal problems of
the agriculturist is to determine these relationships and balances and
to correlate the different types, quality, and quantity of plant growth
with them.
On the basis of his knowledge of these relationships and balances
it is possible for the agriculturist so to manipulate or alter the factors
making up the enviromnent of a plant that within rather wide limits
he can produce the amouTit, khid, and quality of plant product he
desires. The production problems of agriculture, whether in field,
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forest, garden, or greenhouse, are all of this sort, the chief difference
being the degree of control of the environment exercised or economically possible. In a greenhouse, for example, many more environmental conditions are under control than in a forest or on open pasture
land. What may be considered economical practices under one set
of conditions would be quite out of the question under another.
THE WHEEL OF LIFE
The interrelation of the soil, the atmosphere, the plant, and the
animal is a cycle in which the same materials are used over and over
again. The sum total of elements in the world remains relatively fixed,
but there is a more or less constant movement of them from place to
place. At any particular location there may be a large accumulation
at one time or a decided deficit at another.
The point of greatest concern in the living process is the amount
of energy available in foods made of these elements. Minerals,
moisture, and certain elements of the atmosphere, under appropriate
conditions of light and temperature, find their way to and into the
living green plant, which splits up many of the old combinations and
forms new ones. Of these new combinations some represent great
stores of potential energy capable of being released again by the same
plant or other plants or animals. This process of food building and
the storage of the excess not immediately used in life processes by
either plant or animal could not go on indefinitely for the simple reason
that eventually the free supply of elements out of which foods are
built would be exhausted. Such exhaustion does not occur in nature
because the living process goes through destructive, energy-releasing
phases or cycles when the elements are again set free. They are
then once more available to be rebuilt into a living system.
The common idea that green plants build up foods but do not
destroy them is erroneous. During periods of darkness and very
low^ light intensity plants use up large quantities of food. In fact
they do this in bright light also, but the quantity is overbalanced
by the amounts constructed. Such plants as yeasts and molds
manufacture little or no new^ food, merely reworking that already
formed and more or less completely destroying much of it. But they
are of great value through these destructive processes in rendering
available the materials out of which new foods may be made.
Animals do the same thing by consuming the food stored up by plants
and other animals, building part of it into their own bodies, and destroying much of it, which is released into the atmosphere or returned
to the soil in simpler combinations. It may then be taken up again
and built into new plant bodies.
Thus, a great C3^cle or wheel of life is established, constructive
processes balancing the destructive. The basic elements are combined, taken apart, and recombined, the green plant being the principal constructive force, nongreen plants and animals the destructive.
New individuals come into being and pass away again, but the^^ are
all made from the same stock of elemental substances, kept in circulation by the constructive processes of food manufacture and the
destructive processes of food utilization, through the medium of
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green plants, nongreei) plants, and animals. Sometimes storao-e in
excess of utilization has resulted in vast accinnalatiens of coal, oil,
and similar materials, which when eventuallv bnrned or oxidized
are also put back into circulation in forms that can be utilized by the
green plant.
Minor cycles may be established for indi\ddual elements. For
example, nitrogen is taken from the air, soil, or water into the plant
body, where it forms part of a great variety of compounds, some of
the most complex and important being the proteins. These plant
proteins, as well ñs other nitrogen-containing compounds, may subsequently be built into the animal body, eventually to be broken
down and reworked into simpler compounds and agahi excreted to
the soil. Thence the simpler compounds may enter other plants
directly, or they may be still more completely decomposed and utilized in whole or in part by growing plants. There are several types
of the nitrogen cycle, some of them very complex, others more simple
and direct.
Another important cycle is that of carbon. Carbon, in combination
with oxygen as carbon dioxide, is universally present in the atmosphere. From that source it enters the lÍAnng leaves of green plants,
and in the presence of light and hi a suitable temperature it is made
into sugar, a basic food. This sugar may be at once destroyed and
its contained energy released by the living matter of the plant, or it
may be compounded, together with other substances, into literally
hundreds of compounds which constitute some portion of the plant
body or which may be stored in its cells. These varied forms of food
may then be consumed by animals and used by them as a source of
energy or be built into the still greater variety of substances which
constitute the animal body. Tn any event these compounds also are
eventually destroyed, and the combinations of carbon, of greater or
less complexity, find their way back to the soil or directly into the
atmosphere as the relatively simple carbon dioxide.
Thus, for even' one of the more than a dozen chemical elements
which are required for the growth of green plants, a cycle of greater or
lesser complexity exists. A critical understanding of these cycles,
the necessarv^ provision for the most economical return of the various
elements to the soil or atmosphere, and their conservation in such a
place and manner that they can again become a part of any living
organism desired in human economy, is the basic consideration in
soil management and in plant and animal husbandry. Around this
fundamental understanding, in which many elements still remain to
be determined and classified, practices must be built. These practices
may be simple and direct or vastly complicated. Their simplification,
the finding of those practices which are least costly of human eftort
and involve the least loss of the various elements in the cycle of life,
contributes directly to liuman welfare.
MINERAL CONTENT OF PLANTS
Many of the vitamins^ or at least their precursors—the substances
from which vitamins are formed—are obtained by domestic animals
from plants in the same way as other food elements. Most of the
essential minerals may be obtained from plants, but these may be
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gotten in other ways also, some of them by direct consumption of
mineral compounds. At the present time, there are few fieliJs iu
which knowledge is making greater advances than in the whole
problem of mineral metabolism in both plants and animals. Viewpoints are constantly being shifted with added evidence. It is clear,
however, that the chemical composition of plants, with respect to
both their mineral and their organic content, may be greatly modified
by the kind and amount of fertilizer applied to them, by irrigation,
by pruning, and by many other factors. It is equally certain that
the value of plants as food for animals varies with their chemicaJ and
physical make-up. For example, nutritional diseases result when
animals are fed on plants grown on certain pasture lands low in
calcium or phosphorus. It is readily possible to change markedly
the food value of plants, either fresh or cured, through methods of
treating and handling the soil on which the crop is grown. A fertilized pasture as compared with an unfertilized one may be very
different in value as range for livestock, not only because of greater
yields of the crop but because of better quality.
One of the most direct ways in which the composition of crops may
be more or less regulated by the plant husbandman is through the
kind, amounts, and time of application of fertilizers he adds to the
soil. Different species or varieties of plants react in varying ways to
the several elements which may be applied to soils, and specific
practices must be devised for the many different relations of soil,
moisture, and temperature that exist. The amount of soil nutrients
and other substances entering the plant may vary greatly, thoiigh
there is a lower limit of concentration below which plants will make
no growth at all. This variation depends not only upon the amounts
of nutrients in the soil, but also upon virtually every other cultural
practice. When any available element is present in the soil in quantities somewhat greater than the amounts directly utilized by a plant
for growth, building of tissues, and storage, compounds of the element, of greater or less complexity, may still accumulate within the
plant body. This excess accumulation or what might be called
luxury consumption of calcium, phosphorus, potassium, nitrogen, ¿ind
many other elements is well known. An excess intake of mineral
salts is of very great importance not only for its effect on the total
quantity of plant tissue utilizable as feed for animals, but also for its
effect on the quality of the feed.
Many experiments are being conducted in human and animal
nutrition to determine the specific conditions in which the various
mineral elements necessary for growth and developmeiit must exist
within the plant, or what combinations of them may be added as
supplements to foods or feeds in order to be most readily or completely
utilized by the animal. The evidence seems clear that it is possible,
through the medium of the plant alone, to balance the mineral nutrients and organic foods necessary for the full development of the animal
body. Many soils, however, are so deficient in certain elements that
they are not supplied in suflScient quantity to the animal through the
plants grown on these soils. The solution of such problems of animal
nutrition goes back largely to the soil, where the deficiency may be
made up, by increasing the supply of nutrients.
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^ Conditions within the digestive tract of the animal must also be
given attention. For example, it is well known that the acid or
basic reaction of the digestive tract and other factors may affect the
absorption or elimination of a mineral salt. Thus the composition of
the feed is not the^ only factor to be considered. This is one reason
why recommendations for the use of certain species or varieties of
plant to supply this or that element in the diet are subject to change.
The fact remains, however, that the value of feeds may be very
greatly modified by the conditions under which they are grown in the
field. Soil-management practices and the use of fertilizers should be
given more critical study from this viewpoint.
WATER IS NOT ENOUGH
The amount of water available to the crop during the various periods
of its growth may greatly affect its nutritive value. In general, this
is due not simply to the amount of water but to a complex relationship
between water supply and available nutrients. Increasing the amount
of mineral nutrients if the water supply is deficient, or the water supply
if minerals are deficient, is ineffective in improving crop yields.
In general, experimental evidence indicates that there is a greater
intake of minerals by the plant when the water content of the soil is
relatively high. In the case of nitrogen the actual amount entering
the plant is not markedly larger, but the total amount of growth
made, especially on a wet-weight basis, is very much greater with an
increase in the amount of water. That is, when the water content of
the soil is high and nitrogen is available the plants are very much
more succulent, but if relatively large quantities of nitrogen Vre not
available, the plants cannot be made to grow vigorously or become
succulent no matter how much water is appUed.
What is true for nitrogen is also largely true for other essential
nutrients. The lack of any particular one becomes noticeable through
certain deficiency symptoms which may be fairly well recognized.
The fact that water cannot substitute for mineral deficiency should
be obvious, but it is frequently lost sight of, particularlv in sections
where irrigation is practiced. Certain cultural practices may also
negate the effect of water supply. These may include excessive
pruning of fruit crops, excessive cutting or grazing of field crops,
attacks by fungi and insects, and fight and temperature conditions.
MANAGING THE TOP OF THE PLANT
In considering the capacity of plants for absorbing and utihzing
mineral nutrients, it is a mistake to confine attention exclusively to
the soil. The manipulation of the top or aerial portion is also*^ important because it is closely related to food manufacture, or in other
words, energy accumulation. It is probable that mineral nutrients
are absorbed and accumulated only, or at least mainly, when there is
a food reserve within the plant to furnish the necessary energy. If
there is no food reserve, then the plant must be directly exposed to
light as an energy source. Agricultural practices, therefore, must
include those that influence the relation of the top of the plant to the
hght as well as those that influence its relations to the moisture and
nutrients in the soil. Such practices directly affect the green part of
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the plant where food is manufactured as well as the capacity of the
various organs for transportation and storage of food. In brief, if the
roots are to function at their best in absorbing and conducting minerals
and water for their own development and that of the top, then the
top of the plant must make food in quantities sufficient to send at
least a portion to the roots. Tillage, fertilization^ and irrigation
practices can be intelligently performed only when due consideration
is given at the same time to the handling of the top. All too often
practices applied to the soil have been antagonistic to those applied
to the top, and loss instead of gain has resulted.
In the production of forest, field, orchard^ and garden crops, it is common practice to attempt to control the density of stand. In such practices consideration should be given to the supply of mineral nutrients
and moisture available in the soil, and also to the amount of light
and the temperature. In a humid region, for example, these practices
should be correlated with probable rainfall during any given season,
the quantity of light received by the crop during the season, and the
shading effect produced by plants growing close together. Many
experiments have been conducted to determine the correct density
of stand for the most economical production of certain crops, but
frequently the data have been interpreted without sufficient reference
to records of temperature and sunshine. Recently records of sunshine
and temperature have been kept and studied in connection with
fertilizer practices for pineapple and sugarcane particularly, but also
for other crops. The result has been t'hat fertilizer practices have
been changed in many instances, with a saving—as high as 60 percent
in some cases—in the amount of fertilizer applied and a marked improvement in the yield and quality of the crop.
In irrigated sections, where the mineral intake of plants cau be
partly regulated by the amonnt and time of application of irrigation
water, the quantity and quality of the crop may be improved by
applying fertilizers at intervals instead of all at once, as is often done.
The quantity and type of fertilizer to be used should be correlated
with the amount of sunshine and the temperature conditions prevailing
during the growth period. With perennial plants this method is
particularly useful. Fertilizers may be supplied to fruit trees at the
beginning or near the close of the growing season, and the type of
growth made by the trees and the quality of the fruit produced may be
carefully regulated. In regions where the amount of seasonal rainfall
may be depended upon or irrigation water is available, it is often the
best practice to supply fertilizers at several times during the growing
season. The plant husbandman can judge with great accuracy the
type and amount of fertilizer needed by the appearance of the crop or
the relative state of its maturity; he can adjust the fertilizer supply
to produce a crop of any desired size and quality, giving just enough
fertilizer to be completely utilized in conjunction with the carbohydrate and other materials synthesized by the leaves or other ^reen
portions of the plant.
FERTILIZERS AND THE CARBOHYDRATE RESERVE
The horticulturist also influences the capacity of plants to synthesize,
move, and store carbohydrates by such practices as pruning, spraying,
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and in some cases—tobacco^ for example—shading. The agronomist
accomplishes the same end by seasonal cutting, mowing, and pasturage.
It has been suggested above that nitrogen enters into many complex
compounds within the plant. As in the case of other mineral nutrients
what happens to the nitrogen taken into the plant is conditioned by
the available supply of carbohydrates or the opportunity for their
synthesis. Indeed, the primary intake of nitrogen, w^hether as
ammonia, nitrate, or some other compound, is profoundly influenced
by the conditions of temperature and light—particularly light.
Nitrogen applied to the soil as a fertilizer may prove highly toxic to a
plant if the carbohydrate content is low. The same concentration of
nitrogenous fertilizers applied to plants which have a carbohydrate
reserve, or ready opportunity for manufacturing carbohydrates, may
cause no injury. In fact, the nitrogen may then enter the plant in
large quantities and be utilized in conjunction with the carbohydrates
in the formation of compounds used in general metabolism, tissue
building, and storage. This has been demonstrated many times in
the use of fertilizers on pasture lands, lawns, and truck and field crops.
Nitrogenous fertilizers are sometimes applied to crops—less frequently now than formerly—with the expectation of increasing
yields w^hen the concentration in the soil is already too high to be
effective. What is frequently needed is less shading or less or more
cutting or pruning; in other words, a decrease of any practice that is
limiting the capacity of the plants to manufacture, move, or store
carbohydrates or similar corfipounds. To an appreciable degree this
is true for other mineral nutrients as well. The fact that in the
absence of carbohydrates or carbohydrate synthesis the plant cannot retain or metabolize such nutrients is frequently overlooked or
neglected. Because it is so commonly neglected, it is difficult to
overemphasize this relationship.
FOUR TYPES OF RELATIONSHIPS

It is w^orth w^hile to describe here some of the effects of the interrelation of the carbohydrate and nitrogen supplies. This relationship
has been observed in greater detail with nitrogen than with most of
the other nutritive elements.
In many plants it is possible to establish a graded series of performances under environmental conditions frequently encountered in
field or orchard culture. (There are, of course, fluctuations attributable to the influence of other environmental factors that in themselves profoundly affect plant metabolism, including length of day.
In some species and varieties, this is of prime importance, counteracting nutrient conditions in the soil, temperature, and even specific
growth promoting or inhibiting substances, such as the auxins,
hormones, and vitamins.) The four grades of performance here
listed are to be considered as rather broad and merging into one
another. It is not possible to set up mathematical ratios of carbohydrates to nitrogen content of the plant or to total mineral supply
as standards for agricultural practice. The grades or groups are
sufficiently well defined, however, to be clearh' recognized by plant
husbandmen, and they are also characterized by differences in food
value and palatability.
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TYPE 1—TOO LITTLE CARBOHYDRATE

In group 1 there is an abundant supply of niti'ogen, but the supply
of carbohydrates or the opportunity for their synthesis is limited.
Under such conditions plants tend to be weakly vegetative, growing
slowly or not at all, or dying if the carbohydrate restriction is very
severe. They are generally succulent, relatively high in water content, and often particularly susceptible to attack by fungus and
bacterial diseases. They decay rapidly after death or when turned
into the soil. Their relative mineral content is frequently low and they
do not furnish large quantities of energy-supplying food for animals.
They may be of value as dietary supplements because of their succulence and their content of vitamins or accessory growth factors.
In practice, plants of this character are to be found growing in
greater or less dense shade, either as intercrops or shaded by overtopping vegetation or by such structures as buildings, rocks, shade cloths,
and the like. Very frequently the same conditions result when crops
are subjected to excessive removal of leaves by disease or insects or by
extremely heavy priming, very frequent heavy cutting, or unusually
heavy grazing. This is one reason why many pastures die out or
greatly decrease in forage value when very heavily grazed for a period
of months or years. Sometimes only the more palatable species are
severely eaten or cut back. Unable to make sufficient carbohydrates
to supply the stem, storage organs, or roots, they grow feebty or die
out and are replaced by the less palatable species, which have not been
handicapped by so great a reduction in leaf area. This also helps to
explain why some species will persist for a longer period in regions of
high light intensity and perish where the light intensity is lower.
This does not mean that grazing or cutting may not be advantageous under many circumstances. It is undoubtedly true that
many native grasses will die out more quickly if not grazed at all than
when subjected to moderate grazing. The old tops, ungrazed, may
have a shading and smothering effect and also tie up some of the
mineral nutrients, which are more quickly released to the soil under
grazing conditions.
TYPE 2-ABÜNDANT NITROGEN AND CARBOHYDRATE

In group 2 there is on the one hand an abundant supply of mineral
nutrients, moisture, and especially available nitrogen, and on the other,
an available carbohydrate reserve which can be drawn upon for the
metabolic pj'ocesses of the plant, or ample opportunity for synthesis
of new or additional carbohydrates. Under these circumstances the
tendency of many plants is to grow vigorously, with lush green
foliage. Some, including the tomato, the potato, and many others,
will also produce flowers, but they frequently fail to mature fruit or
at most set a few fruits of poor form, flavor, and quality. At the
upper limits of this group, where it merges into the one next to it, in
which carbohydrate accumulation is still greater, blooming and even
fruit setting may take place, but even here there is generally a vigorous
condition of vegetativeness.
Growth of this type is common on rich alluvial soils high in nitrogen
and other nutrients, and on soils to which nitrogenous fertilizers
have been supplied copiously while the plants have been given little
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or no pruning or only light grazing. The light priming or grazing
reduces an excessi^^e supply of carbohydrates or somewhat restricts
the manufacture of new carbohydrates.
Plants in this group are large and succulent with a relatively low
dry weight; at the upper limits^ they are shghtly smaller, increasingly
tough, and higher in dry weight. Many leafy or succulent vegetables
have their greatest commercial value at this plane of nutrition. Some
types of pasturage also can be most profitabty maintained at this
level, when the^^ will furnish large quantities of succulent food high in
nitrogen values. Some forage crops are cut for ha^^ at this stage in
their development because they are then relatively higher in nitrogen
content and digestibility than later on, when they are more nearly
mature and have accumulated greater quantities of crude fiber or
related carbohydrate derivatives. Succulent plants, however, are
in general relativel}^ low in some of the carbohydrates and fats, and
therefore in energy value.
In some localities, where the intensity of light is very high, this
vegetative condition is not maintained throughout the growing
season, and in the case of perennial trees and shrubs it is temporary,
in spite of large quantities of available nitrogen in the soil. This is
a common experience on the range lands and in the irrigated valleys
of the West and Southwest. As already stated, environmental
factors such as day length and temperature may have a greater effect
on the character of growth than does the supply of nutrients in the
soil. Plants growing at higher altitudes or in northern latitudes
respond differently from those at lower elevations or farther south,
although the mineral suppty may be the same. No one factor operates
in the same manner in all types of environment. The whole environmental complex must always be considered as fully as possible.
TYPE 3—ABUNDANT CARBOHYDRATE

In the third group, the carbohydrates or, in some species, fats and
fatlike compounds accumulate in excess compared to the nitrogen
supply; that is, more carbohydrates are manufactured than are
built into the more succulent vegetative portions of the plant, and
the excess is not removed. This particular relationship between
nitrogenous and carbohydrate or fatty materials is brought about
under natural or artificial conditions when the available nitrogen in
the soil is limited or when there is increased opportunity for carbohydrate synthesis or accumulation.
This group makes less vegetative growth than group 2. Such
vegetative structures as are produced are less succulent; their texture is more firm or tough owing to increased thickness of cell walls
and lower water-holding capacity of the cell contents. Accompanying these vegetatiA^e characteristics there is increased tendency toward
blooming, fruit setting, and maturing of seeds. This is a very desirable condition for many crops grown primarily for their flowers and
fruit,^ and also for many fiber crops. Hay and pasture plants in this
condition are often relatively lower in soluble organic nitrogenous
fractions and relatively higher in carbohydrates, carbohydrate derivatives, and fats. Their energy value is greater than that of plants in
the second group. At its lower limits, plants in this group are very
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valuable for feed or food because of the reserves of carbohydrate and
nitrogenous material they contain. At the upper limits, plants are
frequently tough, woody, or relatively high in dry-weight substances
and therefore less desirable as food.
TYPE 4—TOO LITTLE NITROGEN

In the fourth group, the supply of nitrogen or other mineral nutrients
such as potash or phosphorus is a distinctly limiting factor. The
result is that, unless some other restriction is imposed by the environment, the carbohydrates or their derivatives come very greatly to
predominate over the nitrogenous or mineral content of the plant.
In general the condition is the reverse of that in group 1, though there
is a superficial resemblance since in both groups vegetative growth is
very greatly reduced. Frequently almost no growth is made. Because of this general resemblance the two conditions have frequently
been confused, and measures intended to correct the one have been
applied to the other, naturally without success. In addition to slow
vegetative growth, plants in this fourth group are characterized by
very stiff, hard, woody stems or leaves. Flower production is sometimes profuse, but when the mineral supply is extremely limited the
plants fail to bloom as well as to grow. Fruit setting and development are greatly decreased, such few fruits as may mature being of
small size, often of somewhat intense but inferior coloration, and poor
in quality. Grasses and forage crops grow very sparsely and are
often yellowish or grayish in color and tough or wiry and woody. If
they have any feeding value, it is as roughage.
The obvious means of correcting this condition is to apply water or
mineral nutrients or both to the soil. If small amounts of these are
already available, reducing the top through pruning or decreasing the
light may bring about a similar response, but less growth is produced
and valuable food reserves that could be used for growth and fruiting
are removed with the cut material. The fact that many types of
plants in this condition will send up a limited quantity of top growth
when severely pruned, mowed, or grazed, has led to the erroneous
idea, less commonly held than formerly, that the more the tops of
plants are cut back the naore vigorously they will respond in subsequent growth. Taken at its face value no statement could be farther
from the facts. Obviously this method must result in a marked
decrease in the total amount of growth on a given area of land.
The conditions prevailing in this fourth group are common over
large areas, especially in the older agricultural districts, where crops
have been removed from the land without provision for restoring
available nitrogen and other nutrients through fertilizers or organic
matter. These elements eventually become so decreased that the
productive capacity of the soil is greatly reduced.
This discussion applies to many other mineral nutrients as well as
nitrogen. Only when a management system establishes a balanced
relation between all soil constituents and the treatment given the tops
can it be said to be sound. There is no exception to this even in the
case of the so-called trace elements that must be present, though
sometimes in extremely minute quantity, if the growth of plants is to
be maintained at the highest levels.
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FIELDS FOR FUTURE RESEARCH
The full significance of the trace elements has been realized only in
comparatively recent years. A great deal of investigation is still in
progress in this field. Unquestionably some elements not now known
to be essential will be found to be so for certain plants or under certain
conditions. Much remains to be discovered, too, concerning the
relation of some organic compounds, such as the vitamins, to the
rate and character of growth on certain soils and in certain environments.
It is especially important at the present time to determine not
only the value of all these elements and compounds in their relation
to the development of the plant, but also the effect of different
environmental conditions on the value of plant products as food
or for industrial uses. Progress has been made in determining the
effects of the various nutrient elements on the growth and development of plants and the role of these elements in animal nutrition.
It is known that plants vary greatly in their composition according
to the soil environment, but what the range of this variation may be
is far less well understood. Future researches should be concerned
with the value of agricultural products, particularly plant products
of every kind, from the standpoint of health, disease, and human
welfare in general.
It is essential, for instance, to test the value of plants produced
under different conditions by feeding them to the usual laboratory
animals and making observations on rate of development and all the
other factors involved in nutritional well-being. Eventually plants
of known composition produced in quantities sufficiently large to note
their effect on selected groups of human beings must be tested. The
importance from the health standpoint of certain elements, such as
iron, cobalt, copper, calcium, phosphorus, and iodine, and such compounds as the vitamins and hormones, is much better understood
than formerly, and additional data are being secured fairly rapidly.
Previous work has shown the nutritional significance of fats, carbohydrates, and proteins, and of the quality of proteins. Further investigation should bring out the variations in the value of these food
materials when they are supplemented with other compounds of
dietary importance.
In many studies up to now, a relatively small number of analyses
has been made to determine specific elements in foods in relation to the
geographic source of the food. The soil type on which the plant was
grown or the climatic conditions to which it was subjected are generally not known. There should be a concerted attempt to correlate
composition of foods with soil type, climatic conditions, and cultural
practices, including the use of fertilizers. That the same foods
grown in different localities may show wide variation in content of
nutritionally important elements is well illustrated in the cases of
iodine, copper, cobalt, and others. Harmful effects have been demonstrated in the case of selenium.
The importance of these trace elements in foods and the need to
secure them through food plants grown on soils containing them or
enriched with fertilizers of which they form a part are now fairh^ well
recognized. The effects on animals of deficiencies in phosphorus and
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calcium in feed produced on deficient soils are well known. The
occurrence of the same difficulties has been reported from many sections throughout the world, and there is no reason to believe that
similar conditions of deficiency for other elements are not widespread.
An inventory should be made of the minor or trace elements in various
soil areas and types to determine where these constitue«ts occur in
abnormally low, normal, or abnormally high amounts. It is certain
that it is possible to correct some of the deficiencies and excesses. A
further fundamental study of the physiological eft'ect upon plants and
animals of the absence of these minor elements or their presence in
varying amounts, and their influence on the elaboration of vitamins
and other organic compounds, remains largely still to be made.
The fact that, in addition to those elements whose presence in food
is a vital necessity, certain elements used in combating plant pests
may be taken up from the foliage or the soil by the growing plants or
found in solution in water supplies, is in urgent need of investigation.
Such substances may modify the composition of plants so that they
become definitely toxic to men or animals consuming them. This
toxicity has been demonstrated conclusively in the case of fluorine in
water and of selenium in plants. Other substances just as definitely
increase the value of the food products to which they are applied and
are in no sense toxic. The recent finding that the juice of oranges
varies greatly in its nitrogen-phosphorus ratio and that this may
furnish a single convenient figure indicating whether - nitrogen or
phosphorus is the factor limiting yield is of interest.
In popular literature at least, attempts have been made to show
that the form in which fertilizer elements are applied, whether organic,
inorganic, or colloidal, results in very great differences not only in
yield of crop, but in the resistance of plants to disease and insect
pests. It is stated that the effects likewise are carried over to men or
to animals consuming the crops. Great benefits to health are claimed
under some circumstances. All this should be put to rigorous
test. These studies should involve an evaluation of the composition,
reaction, moisture supply, temperature, physical character, and biology of the soil, and the effects of cultural practices, fertilization, and
prior vegetation, on the ability of plants to accumulate, utilize, or
modify soil constituents. The extent to which these differences may
be passed on in the plants consumed as food is yet to be fully determined. It may be quite possible to incorporate optimal quantities
of essential elements in meat, dairy, and poultry products by way of
the soil.
The fact that such factors as light intensity, length of day, temperature, and humidit}^ greatly modify and in large part determine the
character of growth of plants has already been emphasized. How
to distinguish these factors, as well as inherent varietal differences in
plants, from the effects due primarily to soil factors has not yet
received the attention it merits. The scientific literature abounds
with examples of differences in the chemical composition of plants
and plant parts resulting from dift'erences in fertilizers, day length,
temperature, and perhaps other factors. Only a beginning has been
made in following up these findings with actual feeding tests to show
what the}^ mean from a nutritional standpoint.
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