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INTRODUCTION

During the last two decades fertilizers have become indispensable for supplying
the necessary food for increasing populations. Between 1950 and 1970 world fertilizer
consumption has increased fourfold and it is expected that this upward trend will continue,

The increasing use of agro-chemicals has not passed unnoticed by the general
public who have voiced concern about the possible side effects of intenaive fertilizer
use on the human environment. Considering the importance of applied plant nutrients
in stepping up agricultural production it ia imperative that any conclusions on the relation-
ships between intensive fertilizer use and the quality of the envir onment be drawn on the
basis of fact. Thus it was with a view to obtaining first hand information on the results
of research and experimentation that FAO convened a consgultation on this subject in Rome
to which a group of experts working in this specific field were invited.

The consultation was held in FAQ's Rome Headguarters from 25 to 28 January 1972
and was made possible by financial support received from the Swedish International
Development Authority. This generous assistance is most gratefully acknowledged.

Expert advice was sought from countries where fertilizer consumption is relatively
high since it is certain that any ill-effects will first appear in areas where fertilizers are
intensively applied. Information was also obtained from research carried out by the nitro-
gen, phoaphate and potassium fertilizer industries.

The present report records the findings of the consultation, These indicate that
the effects of intensive fertilizer use on the environment are mainly positive. It became
apparent that when fertilizers are applied correctly their contribution to the nutrient
content of surface waters is small in proportion to nutrients derived from other sources.
Where detrimental effects were observed, they were rmostly due to improper use of ferti-
lizer which could be corrected by rational soil management practices. In this reapect
it was noted that the amounts of fertilizers used at present in developing countries are
still very low and that local excesses in some of the industrialized countries should in
no way prejudice the intensification of agricultural production in the developing world.

FAO will uge the material assembled here in the development of its fertilizer
use programme. The contacts established with research organizations will be maintain-
ed 80 that the most up~to-date information on effects of fertilizer use on the environment

can be made to serve agricultural development.
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SUMMARY OF TECHNICAL DISCUSSIONS

prepared by

Prof. Dr. E.W. Russell

A number of countries in Europe and North America have been using fertilizers
heavily for a number of years and particularly since 1945. This high level of fertilizer
applications is essential to supply the necessary food for increasing populaticons and to
meet higher demands for animal and plant products.. Effects of fertilizer use on the
environment should show up first in countries wheré fertilizers have been used inten—
sively for some time and where consumption is steadily rising. It is the experience
gained in such countries which is being discus sed below with a view to asseseging the
impact of fertilizers on the human environment, including the development of methods
for recognizing and minimizing any undesirable consequences which may be produced.
It should be realized that high densities of human population combined with intensive
crop and livestock production have led to the production of organic wastes al a rate
too high for natural processes to convert it in ecologically safe compounda. Therefore
both direct and indirect effects of intensive fertilizer use have been reviewed:

Side effects of an inéreased food supply

The greatly increased production of food from farms in Europe and Morth America
has involved both the introduction of crop varieties capable of giving greatly increased
yields under conditions of high soil fertility, and also the upgrading of livestock to give
either higher yields of milk or eggs, or much faster growth rates under conditions of
hi'gh nutritive fodders. Thus the extensive use of fertilizers has had the direct effect,
in many farm areas, of greatly expanded numbers of animals fed on diets of much higher
nutritive value than in the past. Both crops and animals leave residues behind, but
whilst a large proportion of crop residues that are not consumed by animals tend to be
low in nitrogen and to have most of their mineral elements present in relatively insoluble
forms, those from animals tend to be high in urea and decomposable organic nitrogen
compounds, and much of the mineral elements are present in a relatively soluble form.



Further, the typical animal fodder crops are grass, grass-legume or pure gtande of
pasture legumes which tend to build up the humus content of the soil whilst arable cropping
tends to lower it.

A greatly increased animal population on farms can have undesirable effects on the
environment unless very strict precautions are taken. A dairy cow produces about 15 times
as much dung as a human being, so guite a small dairy herd will produce as much as a
materate sized village. Further the herd is usually kept in a yard for part of the year, or
part of the day, so that there will be a large concentration of dung and urine in a relative-
Iy emall area of land. “As long as the animal population per hectare on the farm is low,
good management in the farmyard allews most of the animal excretion Lo be retarned to
the land at a relalively low rate of return per hectare, and the losses from the farm need
not he very large,. DBut the problem of dispesing of the manure becomes very much more
difficult once the number of animala per hectare exceeds a certain threshold value, and it
can become very difficull to prevent soluble inorganic and organic constituents getting
washed into either the groundwater or the ditches and streams draining the area.

The intensive use of fertilizers can benefit the environment indirectly in that, by in-
creasing considerably the yields of foodstuffs per hectare, it allows withdrawing from
cultivation land of low inherent quality, such as steep land, land with shallow soils, and
land very susceptible to erosion, withoul reducing the total food production of the region
appreciably. The correct use of fertilizers eases the problem of erosion control on ero-
sion-sgensitive land because a strongly—growing well-manured crop, properly managed,
gives much better protection to the surface soil than a half-starved crop. Soil wash can
be a very serious source of pollution of rivers and lakes, not merely because of the silting
up of water ways it causes, bul because the soil particles most easily washed off the sur-
face are the fine clay and clay-humus particles which are rich in plant nutrients, since
they .absorb all those fertilizer components that soils can hold in relatively insoluble form.
Uncontrolled water run-off from steep slopes or erosive soils also increases flood hazards
during periods of heavy rain and drought hazards in periods of low rainfall since this water
runs off the land instead of percolating into the soil.

Side effects of fertilizers residues

Mot all the nutrient ions in a fertilizer applied to a field soil are taken up by the growing
crop, and the fate of the remainder is very important in any discussion on the effects of
their long—term intensive use. Three things can happen to these residues in the soil; they
may remain in the soil, they may be removed in the water leaching through the soil or
running offthe surface of the soil, or they may be lost to the atmoaphere by volatilisation.
The relative importance of these depends on the physico-chemical and biclogical reactions

.the ions take part in.

FPhosphate anions

When a water-soluble phosphate fertilizer is added to'a soil, the phosphate portion is
rapidly converted into forms having a very low solubility in the soil water, unless the soil
is an almost pure sand or peat low in active iron or aluminium ions. Thus although the
solution diffusing out of a pellet of granular superphosphate placed in a moist so0il has a
phosphate concentration of about 4 molar (1 ﬂgfl’,l »_its concentration a few millimetres
from the granule will probably be about 10 ~ to 10 molar (300-30 wg/1), that is about



a million times more dilute. Phosphate is, in fact, an example of a nutrient ion that is ex-
tremely immobile in the soil. It is absorbed very strongly by surfaces of iron, aluminium
and manganese oxides and hydroxides, it is absorbed by clay particles, and it is precipi-
tated by calcium ions to give calcium phosphates such as hydroxyapatite or, in calcareous
soils, caleium octaphosphate. Thus in so far as fertilizer phosphate is not removed in the
harvested crop, it remains in the soil except when the soil is washed off the land by run-
off, or exceptionally, if heavy rain falls ghortly after the phosphate has been applied to a
wet soil surface. Phosphate can, however, occur in higher concentrations in the soil
sclution of some inundated soils, and high levels of phosphate fertilizer given to swamp
rice may raise the concentration of phosphate in the drainage water to levels appreciably
above that found from better aerated soils.

Crops may remove in the first year so much as 20 percent of the phoaphate added, if
growing in a soil low in phosphate and the phosphate is placed close to the plant, but in
normal well-farmed land considerably lower recoverics are more common. Since many
progressive farmers add phosphate to their soils every year or every second year, the
phosphate status of their soils is now high and they use their phosphate fertilizers either
on crops requiring a high level of soluble phosphate for high yields, such as potatoes for
example, or to maintain rather than increase the present satisfactory levels.

The Panel concluded that only a negligibhle proportion of fertilizer phoaphate is
leached from soils into the drainage water, since it is very immobile in most soils.
Fertilizer phosphate will however be carried into rivers if adsorbed on any soil particles
carried off the land by soil erosion, and as soluble organic wastes via fodder plante and
the bodies of livestock.

Potassium cations

Almost all potassium fertilizers in use are very soluble in water, but once dissolved
in the soil water, they also are subject to absorption by the soil particles. But they are
held by a different process from phosphate, for they take part in cation exchange. When
potassium ions are absorbed by a clay or humus particle, an equivalent amount of other
cations are displaced into the solution. In normal fertile soils the displaced cations are
predominantly calcium though they will usually include some magnesium in addition. But
these ions are held much less tightly than are the phonphaleﬂ.__‘rﬂ 'lhat“‘:,he potassium ion
concentration in the soil solution is usually in the range of 10  to 10 ~ molar, though on
soils well supplied with potassium it may rise to 10"~ molar. If the level of exchangeable
potassium is increased by adding a potassium fertilizer, it is commeonly found that a pro-
portion of the added exchangeable ions is converted to a form that is much less accessible
to the soil solution - the ions are said to be fixed - and this fixation takes place within
the layers of micaceous and vermiculitic clay perticles. Since most soils that are not ex—
clusively composed of very strongly weathered minerals contain these types of clay, they
have a great ability to hold potasaium when soluble potassium salts are added to the soil.

Added potassium that is not taken up by a crop is in consequence, not very mobile in
soils containing much clay. On clay and loam soils it is unlikely that any appreciable
amount will move more than 50-70 ¢m below the depth of incorporation. Some crop will
however take up large amounts of potassium from a soil. Thus grass crops, will remove
very large amounts of potassium from the soil if the harvested grass be removed com-
pletely. Cereal straw is also fairly high in potassium - though much lower than heavily-
manured grass - as are the leaves of many fodder plants, so that a large amount of



potassium may be in cycle on farms feeding their crops to livestock, Since most of the
potassium excreted by cattle and pigs is in the urine, there iz a tendency for there to be
large potassium losses from the farm in the liquid manures that get washed away from
the farmyards and dairies. :

The Panel concluded that only a small proportion of fertilizer potassium can be lost
by leaching because most soils hold added potassium sufficiently strongly for only little

to enter the soil solution.

Calcium and Magnesiam

In so far as the use of nitrogen fertilizers increases the amount of nitrate leaching out
of the soil, this nitrate will be lost as calcium and, to a lesser extent, magnesium nitrate.
Their use therefore involves the regular application of liming materials to non-calcareous
‘soils, in order to restore the extracted calcium and magnesium in the soil and thus pre—
vent acidification.

Mitrogen Fertilizers

The effects of adding nitrogen fertilizers to soils on the movement of soluble nitrogen
compounds through the soil are complex. The typical nitrogen fertilizers of commerce
are urea, amrmonia, ammonium salts and nitrate salts: though there is a very restricted
use of proteinaceous residues such as wool waste, dried blood and some types of meat
and bone waste. In addition on farms on which livestock are kept, there is likely to be a
return of farmyard manure or slurry to the land. Under normal farming conditions, on
well-drained soils when the soil is warm, all soluble nitrogen compounds are usually
fairly rapidly oxidised to nitrate, and nitrate is not absorbed to any appreciable extent
by soils particles. It is therefore all present in the soil solution, and will diffuse fairly
rapidly through the soil solution, including that within the very fine soil pores,

Some fertilizer nitrogen can be lost to the atmosphere by volatilization of ammonia
shortly after it has been applied. When anhydrous ammonia is being injected into a soil,
a certain proportion is often not absorbed by the soil but escapes into the air. Again if
urea is spread on the surface of a damp soil with a pH above 6, and the weather remains
dry after spreading, it will hydrolyse to ammonium carbonate, which will decompose
giving off ammonia to the atmosphere; and the same loss occurs if ammonium sulphate
is apread on the surface of a calcareous soil.

The nitrate can be removed from the soil in four ways: it may be taken up by the crop,
it may be taken up by the soil microorganisms and converted into humus, it may be washed
out of the soil as nitrate, or it may be denitrified and lost to the atmosphere either as ni-
trogen gas or as oxides of nitrogen, principally nitrous exide NZD'

The technical difficulties in determining the fate of the added nitrogen are firstly that
it iz not usually posaible to determine either the amount of nitrate being leached out of
the soil or the amount that is denitrified in normal field soils; and secondly that only a
part of the nitrate present in the soil is derived from the fertilizer, for a portion, and in
some systems the greater portion has been derived from the decomposition of some of the
soil organic matter. Further the total amount of nitrate produced in the soil during the
growing season is small compared with the total amount of organic nitrogen it contains,
and it cannot usually be determined from the change in the total soil nitrogen over the



scason as it is of the same order of magnitude as the sampling and analytical errors in the
total soil nitrogen determinations.

This problem is still further complicated on most farms carrying livestock because a
proportion of forage crops are grown which include leguminous plants such as clover or
lucerne, often admixed with grass. These plants have nodules on their roots which fix
atmospheric nitrogen, converting it into organic compounds, and some of these are left
in the soil. It is common practice for farmers wusing this type of cropping not to give any
nitrogen fertilizer to the firat crop after the forage crop has been ploughed in, and even
then the amount of nitrate released is more than the crop can take up. Further it is now
pessible to prove that blue-green algae fix atmospheric nitrogen in many arable soils and
non=aymbiotic nitrogen-fixing bacteria are operative in both arable and grassland soils.
A proportion of these organic nitrogen compounds are relatively easily oxidised in the soily
even on farms growing no leguminous crops, a portion of the nitrate present in the soil
solution may have been derived biologically from the air;

These complications have the consequence that it is not yet possible to prove conclu-
sively what proportion of the nitrates in streams draining out of wellfarmed land has
been derived directly from nitrogen fertilizers added to the soil. The evidence from changes
in the nitrate content of river waters over the last 10-20 years, in regions where fertili-
zer usce has been greatly increased, is poor and inconclusive - poor because of the rela-
tively few strearms and rivers draining predeminantly agricultural areas whose flow has
been gauged and whose water has been regularly analysed, and inconclusive because the
results obtained from the few long-term records.of rivers so gauged and analysed have
not been consistent. Thus research in Great Britain has shown that of the 18 rivers for
which records are available, the correlation coefficient between the amount of nitrogen
fertilizer estimated to be used in their catchments and the nitrate leaving the catchment
in the river was over 0.7 for only four, but one of the largest of these coefficients (r=0.9)
was negative, which means that the increasing use of nitrogen fertilizer appears to have
decreased significantly the amount of nitrate leaving the area.

However this method of judging the effect of nitrogen fertilizer in this way is invalid
unless it can be proved that the only factor affecting the nitrate content of river water is
the change in the amount of nitrate draining out of fields due to the use of nitrogen ferti-
lizers. This is naturally very difficult to prove, but the posaibility that this assumption
is valid cannot be ruled out because the nitrate concentration in the water of some rivers
was higher in winter, when the flow was high, than in summer, when it was low; and this
is probably a reflection of the concentration of nitrates in the soil water, The reason for
the nitrates being higher in winter than in summer, is that few English arable soils carry
an actively growing crop in late autumn or early winter, yet the soil temperatures are
adequate for a moderate rale of nitrate production, and this nitrate accumulates in the
soil and in part washes out after enough rain has fallen to wet the soil profile. In summer
time the land is carrying an actively growing crop, so that although nitrification is taking
place more rapidly than in winter, the crop is drawing strongly on this supply. Thus.in
wesgtern Europe, nitrate losses from the scil are much larger in winter than in summer
time, and in so far as the drainage waters are not being impounded in reservoirs for long
periods of time, the periods of high nitrate concentration in the water tend to occur when
the water is cold and algal activity low. These winter losses of nitrates can be reduced if
a fast growing catch crop ie planted directly after the main wheat or barly crops have bean
harvested on land that ie to be spring sown. However there was a clear indication that for
one English river, ina year with an abnormally wet April, the peak of river flow due to



thia rain was also a peak of nitrate concentration in the water, due almost certainly to
some of the nitrogen fertilizer applied to the land in March or early April being washed
out of the soil by this heawvy rain.

Very little is known about the loases of nitrate from soils by denitrification. All
attempts at drawing up balance sheets for the fate of fertilizer nitrogen applied to crops
growing in lysimeters show that, for most soils, a considerable amount, usually of the
order of one—third, of the added nitrogen cannot be accounted for and is presumed to have
been lost by denitrification. Present-day knowledge on the biclogical and biochemical pro-
cesses responsible for denitrification is concordant with the existence of appreciable losset
because the first effect of a restriction of oxygen supply is for all the soil nitrate to be
reduced to gaseous forms before reduction of ferric to ferrous iron can begin, Field soils
are likely to contain many velumes or pockets of soil that rapidly become anaerobic during
wet weather, due to compaction by tractors and cultivation and harvesting machinery, so
that denitrification can take place activiely at intervals during the growing season even in
goils that appear to he well-drained. Denitrification studiea in lysimelers are likely to
under-estimate the amount taking place in the field due to neglect of these isolated volumea
of compacted soil. This subject of the amount of denitrification taking place in the field,
particularly under conditions of high nitrogen fertilizer use, is in urgent need of more in—
tenaive research.

The Panel concluded that nitrogen is the moat likely fertilizer element to be leached
out of the aoil, but there was still no good evidence that their use has had any appreciable
effect on the composition of river waters. The Panel recognised, however, that it is tech-
nically very difficult to interpret changes in the nitrate content of drainage waters in terms
of changes in fertilizer nitrogen use due to our present inability to measure sufficiently
accurately the ratio of biclogical nitrogen fixation, the rate of oxidation of soil organic
nitrogen to nitrate, and the rate of reduction of nitrate to nitrous oxide and nitrogen gas.
The problem is still further complicated if livestock are kept, for some of the nitrates
draining out of the farm will have been derived from their wastes.

Effects of fertilizers on food quality

Fertilizers, and particularly nitrogen fertilizers, will raise the nutritional value of
grasa for liveatock feed; and very high amounts of fertilizer nitrogen, can be effectively
converted into grass protein during a growing season, provided the water supply is not
limiting growth. But, in general, the application of fertilizers Lo well-farmed land has
little effect on either tle nutritional quality or the flavour of crops grown for human con-
sumption; and in so far as they have an effect, they are more likely to raise than Lo lower
the nutritional value of food. This is because adding a nitrogen fertilizer, for example,
tenda to raise the protein content of the crop, though it may not raise the content of all
the constituent amino-acids in the same proportion. In the same way adding a phosphate
fertilizer may raise, but will not lower, the phosphate content of the crop. The effect is
usually small and rarely of economic significance. There are however examples of nitro-—
gen fertilizers, applied at the proper time, increasing the market value of a crop due to
the increase in protein content. Thus an example from Germany was mentioned, where
nitrogen fertilizers are considered to increase the protein content of wheat sufficiently
to bring the flour up to Manitoba quality for bread-making, Nitrogen fertilizers are also
known to increasae the protein content of barley - a desirable effect if the grain is for ani-
mal food but undesirable if for some types of malt.



The heavy use of nitrogen fertilizers on crops when the leaf is consumed can however
have an undesirable effect. The effect of moderate dressings is to increase the content of
leaf proteins, a desirable effects as they have a high nutritional quality;: but at high dress-
ings some of the nitrate taken up by the plant is translocated to the leaf and concentrates
in the leaf petioles, presumably because the biochemical processes for reducing nitrate
and incorporating the nitrogen into amino-acids cannol keep pace with the translocation
from the soil. The consequences of high nitrate on food will be discussed in the next sec-
Lo,

Heavy nitrogen uae can have a number of other undesirable consequences. It increasea
the liability of crop leaves to attack by a number of pests and diseases, it increascs the
tendency of cereals to lodge, ar ' " may reduce the quality of the crop in an obvious manner.
Thus too high a level of fertilizur nitrogen is likely to lower the storage and cooking qua-
lity of potatoes, and it will make sugar from sugarbect more difficult to refine. In gencral,
therefore, it is in the farmer's immoediate intercst to keep the level of nitrogen used below
that which will give these complications. But this does not apply to the horticulturist grow-
ing salad and leaf vegetable crops, for high nitrogen gives rapid leaf growth and soft succu-
lent leaves; characliers which may have a positive market value. Thus the profitable short-
term over-use of nitrogen fertilizer giving an undesirable effeet on food guality is primari-
ly restricted to the high nitrate content that it may cause in leafl vegetable and salad crops.

Conscquences of high nitrates in water and vegetables for human health,

A number of medical specialists have expressed concern about the undesirable effects
of a high nitrate intake on human health, and in particular on the health of babies up to
about 1 months of age. The cause of the concern is due to the effects of nitrite on health,
for nitrate may become reduced to nitrite in the intestinal tract, which is then absorbed
into the blood stream. Babies below a certain age may be unable 1o detoxify this nitrite,
which combines with hacmoglobin te give methaemoglobin, and this reduces the capacity
of the blood to tranaport oxygen. Some medical specialists have also claimed that, even
for adults, a high nitrate intake is undeairable becaunsae some of the nitrite produced may
be converted to nitrosamines, which could, in turn, cause some hazards to health,

The Panel was not competent to discuss this problem since it contained no medical
specialists, but it noted the importance of a critically based asscssment of maximum per-
missible nitrate levels in drinking water and in food, particularly for babies. It was also
told that in America there is an important hody of medical opinion which considers a high
nitrate intake by babics is not in itaell directly harmful, the harmful effect being due to
the combination of a high nitrate intake coupled with entero-gastritis caused by coliform
and doubtless other pathogenic bacteria. This view is, in effect, that it is due to inade-
quately purified sewage.

The F.A.O. Soils Bulletin No_ 13, issued in 1971 and made available to all members
of the Panel contains a short discussion on the hazards of nitrate in drinking water and
vegetables., This Bulletin had contributions from W.H. O\, and on page 76 it states that
there had not been, up to the time of writing, any reports of nitrate poisoning associated
with the ingestion of food high in nitrates, and confirmed that in America no cases of
methaemoglobinaemia had been reported in babies using public water supplies, even when
the nitrate content was in excess of the limits set by the U. 5. Public Health Service: all
the cases reported involved the use of unpurified private well water,



The Panel considered that, in view of the fears expressed by many doctors and environ-
mentalists, W.H.O_ should be asked to make a definite assessment of the hazards to health
of various levels of nitrates in drinking water and in vegetables. In the meantime agricul-
tural advisers should be recommended to lake special care in the use of nitrogen fertilizers,
leguminous crops and and livestock wastes in critical areas where an appreciable hazard
to health might arise.

Effect on the composition of river water: Eulrophication

A number of environmental scientists have claimed that the use of fertilizers on farm
land has seriously increased the liability of inland water to become eutrophic, causing
pollution in lakes and reservoirs both by the algal pigments becoming distributed in the
water and by creating anacerobic conditions in the subsurface waters. The Panel did not
contain freshwater biologists, and c¢ould therefore only discuss in general terms the con-
ditions necessary for undesirable consequences of eutrédphication to become important.
They noted that cutrophication need not lead to pollution, and in fact eutrophic waters can
be very productive for freshwater fish,

The harmful effects of culrophication may be due to consequences of algae multiplying
rapidly throughout the depth of water which receives sunlight, or it may be due to conse-
quences of algal cells and simple aquatic plants multiplying rapidly on the surface of the
water giving a green scum which reduces very seriously the amount of light penetrating
the water layers below the surface. This prevents algal cells in these subsurface waters
photosynthesing and excreting oxygen in the water, which keeps it aerobic. Further when

~¢ plants die, their organic remains sink into the subsurface waters or fall on to the
sottom where they are further decomposed by bacteria, which set up severe anaerobic
conditions in the water and which exerete into the water undesirable products of biclogical
reduction processes. In addition, under some rarc conditions, a few species of algae
suddenly bloem and excrele a brown pigment inlo the water, which cannot easily he re-
maoved by the normal purification processes used by waler supply authorities.

The exact conditions that are required for these undesirable effects of eulrophication
to goccur are not known. The mere presence of phosphate and nitrate above deflinite thres-
hold concentrations is not sufficient, for they can occur in waters of very low phosphate
content, although a number of workers consider that the phosphate content is the most
important factor contributing to the creation of these conditions. These undesirable effects
are not solely due to man's interference with the environment, for they have occurred in
regions where man's activity has been minimal. However the Panel noted that algae have
a demand {or suitable carbon sources that is more than several hundred times their de-
mand for phosphorus if they are to make active growth, so that a rapid growth of algae
can only take place in water having a large supply of carbon dioxide, and the most likely
source of this is from active decomposition of readily metabolisable organic substances
in the water. This suggests that water receiving farm wastes or inadequately treated
sewage would be much more likely to develop these troubles than water derived solely
from percolation through cultivated soils. The Panel considers it very important for
intensive agricultural development that more resecarch be conducted on the exact conditions
required for eutrophication troubles to occur, so that the essential precautions that must
be taken on farms can be established, if farmers are to play their full part in minimising

their onaet.



Maximising the Efficiency of Fertilizers

In so far as fertilizers have any undesirable side-effects on the human environment,
these will be minimised if fertilizers are used with the maximum efficiency on the farm,
for this will reduce the tendency for their over-use. It is naturally in the farmers intereast,
as well as the environmentalist's, that research be continued on this problem by agrono-
miats; and in fact research on these problems has always been of major importance in all
crop and animal husbandry development programmes. The Panel heard examples of how the
use of the correct of choice of fertiliner, correctly formulated, and applied at the most
appropriate time, can minimise the amount of nutrients that are liable to be washed or
leached into the drainage water. But it also noted that there are often serious practical
problems in giving fertilizer at a time when the maximum proportion will be taken up by
the crop, due both to the inability te make accurate long-range weather forecasts and to
the difficulty of applying the fertilizer without harming the crop.

These difficulties can, in theory, be overcome if fertilizers could be developed in
which the nitrogen was held in an insoluble form in the soil, but which released their ni-
trogen as nitrate into the soil solution during the growing season at a rate comparable to
the needs of the crop for nitrate. Compounds of this type, or nitrogen fertilizers formu-
lated with suitable inhibitors to achieve this purpose, are known as slow-release fertili-
zers. There are still no satisfactory slow-release fertilizers available for general farm
uge, but this is a problem which is actively being studied both by the fertilizer industry
itself and official laboratories such as those of the American T.V.A.

The recyeling of livestock and human organic waste on the farm

The Panel's attention was repeatedly drawn during the meeting to the problem of dis-
posing of the waste products of livestock without causing pollution in the drainage or run-
off water leaving the farm. Soluble waste organic matter from manure heaps for example,
will carry considerable amounts of phosphate with them, and in so far as more intensive
farming increases the phosphate content of the water, this will be due much more to phos-
phate derived from manure than from fertilizer. As an example of the amount of phosphate
in cyecly on western European farms, it was noted that the total phosphate content of the
fodder fed to livestock was 10 times greater than in the food consumed by the human popu-
lation. If the nutrients in livestock wastes could be efficiently re-cycled on the farm, it
would be of great importance for the conservation of some of the world's exploitable natu-
ral resources, and particularly of the phosphate resources,

The preat difficulty in recycling the nutrients in livestock wastes is the prevention of
soluble organic compounds getting into the drainage ditches and streams, for this causes
very serious pollution. The spreading of manure or slurry on frozen or wet soil in winter
or early spring is very likely to be the cause of run-off of these soluble organic wastes;
but when the surface becomes dry in late spring or early summer, there is commonly
little land available on which these wastes can be spread. If the amount of organic matter
is reduced before spreading, by encouraging aerobic oxidation, it is likely that a consi-
derable part of the nitrogen may be lost by denitrification; and it may turn out that with
intensive livestock husbandry, attention should be concentrated on recycling phosphate
and the other mineral elements, and allowing most of the carbon and nitrogen to be con-
verted into gasecous products. It is quite clear that in future farmers following such sys-
tems of intensive livestock production will have to be prepared to spend much more money
on the safe disposal of these animal wastes.



In some regions scwage sludge, or decomposable household waste that has been com-—
posted in a large municipal plant, is spread on the land, which helps to recycle the plant
nutrients present in the organic wastes of modern human society. The problems of this
method of disposal of domestic and industrial waste were not discussed, as they did not
come within the Panel's terms of reference, but it was noted that sewage sludges may
contain sufficiently high levels of heavy metals for their repeated use to poison the soil.
Thus it is essential that, if a policy of sludge dispesal on the land is to be adopted, all
industrial electrolytic wastes, and other wastes containing potentially toxic elements in a
soluble form, be treated separately from normal town sewage,



CONCLUSIONS

Fertilizers are essential for high yields per hectare, and for bringing many inherent-
ly poor soils into production.

The efficient use of fertilizers allows for the intensive cropping of high quality land,
and the withdrawal of low quality land from cultivation.

If fertilizers are used efficiently, there is no evidence that they lower the nutritional
quality of fooed, and under some conditions they will increase it.

If fertilizers are used efficiently, and good farm practices adopted, there is no
evidence that they harm the soil.

The efficient use of fertilizers involves the adoption of farm practices that will
allow the crops to make the best possible use of the added fertilizers. These practi-
ces include the correct choice of crop variety, plant population, time of sowing and
planting, adequate disease, pest and weed contrel and suitable goil conservation
practices.

The addition of phosphate fertilizers Lo soils has no biclogically significant effect on
the phosphate content of the water leaching through a soil, unless the soil is almost
a pure sand, or is subject to flooding. However if phosphate fertilizer is added to the
surface of a wet soil, and heavy rain follows, some of the phosphate may be carried
off the soil with the run-off water.

The experimental evidence for the proportion of the nitrogen added in a fertilizer
that pereolatesthrough the soil into the groundwater and streama draining the area

is still poor. This ia due to the technical difficulty of distinguishing between the
nitrates in the water that have been directly derived from the fertilizer from those
derived from other sources, especially from the mineralisation of soil organic mat-
ter. This latter source is often larger than the former.

There is still inadequate evidence on the fate of surplus inorganic nitrogen compounds
that accumulate in the soil when the amount of nitrogen added as fertilizer is much
larger than the amount taken up by the crop. This is because of the complete lack

of knowledge of the proportion of this surplus that is lost to the atmosphere by deni-
trification in different soils that appear to be well-drained. However if a nitrogen
fertilizer i added to a soil in spring before the crop has made appreciable growth,
and sufficient rain fallas to cause an appreciable amount of drainage to take place,

a significant properiion of the nitrogen may be washed out inte the drains or ground-
water. This is also likely to happen if much nitrogen fertilizer is added in late
autumn or winter te crops which are unable to take up much nitrogenat that time.

Very heavy use of nitrogen fertilizers on certain salad and leaf vegetable crops may
“2ige their nitrate content to undesirable levels.
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Water running off the land may carry away fine particlea from the soil surface
which have absorbed nutrients of the added fertilizer and thus enrich the nutrient

cantent of surface waters. The use of fertilizers therefore should he combined

with proper soil conservation practicea.

The importance of fertilizer use for agricultural production warrant suppaort
being given to a continued monitoring of its effects on the environment, so should

any unforcseen undesirable consequences arise, sullable action can be taken to

minimize them.



RECOMMENDATIONS

As a result of ite deliberations the expert group recommended that;

F.A. O, continuc and expand its work of promoting the efficient {and correct)
usc of fertilizers, to help combat malnutrition by the increased production of high
quality and nutritious foodstulfs, and 3o to help raise standards of living throughout
the world.

F.A O, draw the attention of land use planning officers 1o the possibility of
using the increased production of foodstuffs made possible by the efficient use of
fertilizers on high quality lan to withdraw marginal land and land very liable to
crosion from cultivation. Fine surface soil particles washed into rivers and lakes
by erosion are a serious cause of pollution due to the plant nutrients they hold,

Experimental and extension workers continue to develop as a matter of urgency
improved methods for maximising the uptake of nutrients added in fertilizers by im-
proved farm practices, as for example, the use of high-yielding varieties of crops
that are also pesat and discase resistant, and by the selection of the most suitable
form of the fertilizer, and the most suitable methods of application. In the case of
nitrogen fertilizers, more research iz deairable on the development of slow-acting
nitrogen fertilizers so formulated that the rate of release of their nftrogen aa nitrate
during the growing season corresponds as closely as possible with the rate of uptake
by the crop required for optimum production.

More attention be given to the consequences for the environment of changing the
system of agriculture, due to the increased use of fertilizera. Two problems in
particular need attention: the effect of such a vhange on the level of soil organic
malter, and on the disposal of animal wastea when a more infensive system of live-
sltock busbandeyis introduced. It is particularly important to develop systems which
allow the recycling on farms of the nutrients present in the animal wastes, and if
possible in municipal wastes also, in such a way that there is a minimum risk of
the organic wastes themselves entering the drainage system,

Cooperalive reacarch projects be developed between agricultural and nutritional
scientists on the effects of the level of fertilizers used, and on the methods and
times of their application, on the nutritional and market quality of foodstuifs; and
in particular there should be cooperative work between these proups and public health
and medical authoritics to establish acceptable limits for, for example, the nitrate
content of different foodstuffs,

Fertilizer uae recommendations should take into account the undesiralile cffects
of an irrational use of fertilizers, particularly cxcessively high use on farms where
intensive livestock husbandgyis practiced, and where wide-spaced crops with a poor-
ly developed root system are grown. They should also take into account the possibi-
lity that, in some areas, their rational use mny cause depletion in the soil of nutri-
ents not contained in the fertilivers being applicd.
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More research be undertaken to establish the levels in soils and plants at which
some heavy metale present in electrolytic and other industrial wastes become toxic
to plant and animal life, and to develop methods for minimising the harmful effect of
any of these metals should they begin to accumulate in the soil due to the use of
sewage sludge or from any other causes.

More attention be given to research on establishing the complete nitrogen balance
sheet for fields, with particular reference to the development of new techniques for
measuring the magnitude of the various componenta. It is particularly important
that more work be done on measguring the losses of nitrogen by denitrification, by
leaching and by the volatilisation of ammonia from soils.

More attention be paid by research workers to determining the sources of the
nutrient elements in all studies on the nutrient content of surface or ground-waters.

More research be undertaken on the factors that control the population denaity of
algae and aguatic plants in water, to allow a more accurate assessment of the con-
ditions under which farm wastes and percolates may influence the size or rate of
multiplication of this population.

W.H.O. be requested to oblain the considered views of public health authorities
on the hazards to the health of a community of different levels of nitrate in the
drinking water, in view of the statement made that in the United States of America
high nitrates in the drinking water have only caused serious trouble in babies al-
ready suffering from gastro-enteritis caused by a B, coliforme infection,

Accurate and adequate ancillary data on the physical environment should always
accompany all research reports on the influence of fertilizer on the human enviren-
ment. The type of data needed for the proper appreciation of such reports include a
description of the kind of scil and its condition at relevant times, the system of far-
ming being practiced and the hydrological regime during the course of the experi-
ment. In particular, the correct names should be given to all the soils investigated

in regions where a soil survey has been made.

Member governments should ensure that their agricultural extension services be
kept up—to-date on all research findings relevant to the optimum use of fertilizers,
both so that their farmers can obtain the maximum benefit from their efficient use,
and also that any possible undesirable effects from their misuse can be minimised.

FAQ continue to play an active role in assembling information on this topic and
in pointing the way to itnproving the guality of the environment in an increasingly
densely populated world., The expert group welcomed the initiative of SIDA in making
this meeting possible and expresses tha hope that further support would be extended
to this field of work.:



EFFECTS OF INTENSIVE FERIILIGHE USE ON THE HUMAN ENVIRCHMENT

A Bummary Review

R.a, Olson
Profesaor of Agronomy
University of Nebraska

Agriculture must come first in the path to national prosperity in the developing
oountries of the world, Establishment of a heavy indusiry base first will nol meet
the nutritional needs of the people manning the machines. It is further necessary that
the entire agricultural enterprise be profit motivated for providing incentive to the
native farmers concerned, Introeduclion of fertilizer has greater immedinte impact than
any other input for effecting the latter objective in most primitive farming situations,
On the other hand, Llhere is some evidence Lhat excessive leriilizer use may cause
deterioration in waler guality wilh poleniial hazarde to human health and the aesthetie
anvironment, Thua, the fundamental responsibiliiy of this Panel is to advise FAQ in how
far thim international organization should support the extension of intenaive fertilizer
uge intoe Lhe developing world,

FERTILIZER BENEFITS TO THE HUMAM ENVIRONMENT

# logical first gquesiion to be answered in this summary concerns what is gpod about
fertilizers, il anyihing, in relation to the human environment, prior to a look at the
converse, domelhing olher than a profit motive alone must have been responsible- for the
mushrooming production of fertilizer producle thal has taken place since World War IT.
The current world—-wide consumpticn rate of lertilizer nulrients of 50 millien metrie
tons (?5) in contrast with 1f5 thal amount 25 years earlier represents an approximate
anmial growth rate of 15 percent and strongly implies that some worthwhile results
accried from the development. Soms of these follow,

Hope for a Food Hungry Horld

Dr. Norman Horlaug in aceepiing his Wobel Peace Prise in 1970 made & strong point
of the Mact thal the work of many dedicated workers and the integration of several
agricultural production practices were responsible for the recognition accorded him, The
improved wheal varieties develeoped under his direction depended very heavily on improved
Walter management practices, the use of adeguate fertilizer, and measures for weed,
diseaze and pest control,

In consequence of the breakthroughs achisved by CIMMYT, IERT, IRI, CIAT, FAOQ, AID
and others working in the developing countries a bright ray of hope began to appear
in the late 1950's {that the world's current 3.5 billion people could indeed be adequately
fed with the technology in sight, o technology very heavily hinged to fertiliser use
{13, 47). A few specific examples are (a) the complete or near satisfaction of country
neede [or whez!l in Fakiszstan, India and Turkey from a previous gituation of serious
shortage coming from introduction of Mexican wheats and systems for their effective pro-
duction; (b) satisfaction of rine requirements of the Philippines and vastly improved



gupplies of thie Btapla food in saveral other countries of 3H Asia by the miracle rice
varieties of THRI, again whon properly wanaged with adecuate fertilizer; {c] HEES A
developed for conversion of the Campe Jerrads of Hrazil and adjacent South Amsrican
countries from very low produckivily rangeland  to prodactive cropland by approprinte
fertilizer treaimenta through work of CIAT, JTHI and othera; and (d) demonstration by
the Fertilizer Programme of FAOD through hundreds of demonstrations and trials that
production of food crops in the doveloping countries could be increased over 50 peroent
by ﬁimpla introduntion of the appropriate fertilizer treatment to the exisiing agri-
aultural tom (47). The Oreen Revolution is far more Shan a figment of somsone'o
Lmag1NatLon, but will conlinue fo evelwe ocnly as it iz fueled with sdeguate ouirients,

Moat will sgres that the Ffood problem is basiecally one of Loo many people. Major
effarts must be mode toward coentrolling the world population explosion as a finsl soluiion
to freedom Pron hunger,  In the meantime, humanity diciaies that zll of those now liviog
ghould have an equal right to their 2S00 + colories per day wilh assoclated neceasary
protein and minerals.  The contingad sxiatence of FAD is mroedicaled upon this principle,

Boila are Improved oy Ferbilizera

Kazure did wvery poorly by mesl soils Pound in humid regionas ol the world, especially
those in subtropical and Lrﬂpiﬂul arcas wiere a majority of the poonle live,  Inherent
sutrient supplies commonly will allow only 2=) years sconomic ¢ropping Tollowed by
20=30 years bush fallow, The pF_SLLLP gnvironment leaves very ruch lo pe desired in
Lhis came, and can be notably imoroved by Lhe intredustion of Feruiliszers {3z},

It iz gquite Tarciiel to i that prodociion ol legumes and speesding of andmal
manures should oo practiced for ackisving bthe soell dmprovement objeclive on facwe pooer
goilsz.  The susnbitics of menars requized would not e availsble, nor would it be possible
o ged useful legames tn grow withoul exlensive soil apendments,  bwen if it were possible
ta supply the amount of N nesded by ihis procedurs, ite pollution potential wonld e just
ag great ns thal afforded presensly from chemical sourcoa,

Conbrary o some conlenblons are dessroying good
rridance zxials Lo LY anic M omonbents af

Al

afpe Ansbpalian soil ERERTY R Aol LR R R L R PG TUAE
broated wabn P oand 0§ .'":." ti1liwnrs ': ] i H wittale plots of Hothoamated wini
hove now received chnemical fertilizers ainoe 3 oarc more productive today than ot oany-
bime in the recomied paat,  The same pan be said for the seil ef the fAskov slation in

Denmark where chenical Terfilisers proved pore el fective Lhan the same amounl of

mitrienlts from organin sourao: over more than oz half century pericd (51, The aggreogatin
action from enhanced root proliferation and sreater amount of decaying residues Trom well
fertilized arops have actually helped make scils mere friable, lillable and recephive

to water. With the modern advent ol extensive Fertilizer use, an entirely new egquilibrium
rolationship of ooil nutrients has come into beding (A&), one in which the declining Tertili

proceds from cropping of the pasl han been reversed,

A

i}ranieq that reports cxist where WaWD, wused as the soorce of W over extended periods
has cauzed soil striciure deterioration, tRis would be prodicted today on the basis of the
known deflnccutating acbion of the Na ion, Forsunately, HalO, has beon an insisgnilicant
component of the Mertilizer W market during the pasi two dﬂu1ﬁr of rapid increase in
fertilizer N econsumpbion, Other cases of poor soil managemenl ecxist for which fertilizers
have ometimes been unjusgtly blamed,



Farming Efficiency is Improved by Fortilizers

The extensive-intensive type of farming as practised in the highly developed countries
of the world, providing masaive quantitites of food materials at minimum cost, would be
quite impossible today without fertilizers, Without the benefit of fertilizers farmers
would have to cover substantially more area to achlove the same total production and
would necessarily break out lando which should nover be cultivated, Foodstuffe would
immediately become more expeneive, Depending on seil conditions where grown and type of
crop, the yield loss would be modeot to very severe in the first year fertilizer was
oxcluded, magnitude of loss reflecting how much residual fertility had been atored,

Table | summarizes First year lossec that could be expected on a few important crops
of the U,5, Additional percentage losses would occur with each succeeding year until some
mich lowor egquilibrium level of production waa roached,

Table 1, Effect of eliminating N and P fertilizers on yield looso for
agricultural eubregions of the U,S, (28).

Fertilizer Firat }aar loos
Crop Agricultural usad (1964) from excluding
subregion N F fertilizer

1 kig/ha 4
Maize 5. B. Towa 11 20 20
E., C. Illinois 73 19 37
Vegetablen Delawara 35 31 43
Wheat W. & C, Hanpag 34 g 1
Rice €. Valley Calif. 102 16 49
Potatoes 3, TIdaho 141 45 36
Celery C., Florida 113 o 69

Crop (uality Improved by Fertilizer

The mineral, protein and vitamin contents of crops may be improved as judicious
fertilization corrects a previounly existing inadequate leval of nutrient availability
(48). Baking quality of whent flour and the color, crispness and textural charncter
of varicus vegetable crops are often boneficinlly influenced by appropriate lertilization,
There is no assurance, however, that optimum growth of a given plant assurea adequacy of
all mineral elemento in it for the nuirition of animals or man, Different species of
planto vary greatly in their mineral concentrations as do varietiea within a opecies,
Morcover, mammnlian requirementn for specific mutriants vary with stage of maturity and
with gegtation periods among cwhal bx.



Nitrogen fertilization of nonlegume crops will usually increase protein lewvels with
ratea at and above that required for maximum yield. The increases so effected, however,
will never convert a low protein grain such as grain sBorghum te the level attainable in
an inherently higher protein crop like wheat, The data of Fig, 1 in a dryfarming
situation (42) are representative. Neither is there any probability that the protein
quality of the fertilized crop will be improved, i.e., the ratio of essential amino acids
(required by monogastric animals including man) to the total present (48)., An exception,
of course, is the case of the ruminant animals which are capable of gynthesizing their
own required aming acids, and in this case, with improved plant protein production from
fertilization a greater production of both milk and meat products and more essential amino
acids result. As pointed out by Allaway (1) the diets of high guality protein in people
of New Zealand is indirectly due to effective pasture and forage crop fertilization as
practised in that country,

Thers are many cases of record where fertilization of crops with P, Mg, S, Co, Cu,
Mo, He has reduced or eliminaied deficiencies in diets of animals consuming the erops (1),
Large arsas of the western U,5., Austiraliaz and New Zealand have heen opaned Lo effective
livestock preduction by discovery of the required nutritional roles served by ceriain
of thems elements added asz fertilizer, .
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Figure 1 Response of winier wheat and grain sorghum to varied rate of N fertilizer
under dryfarming conditions in western Nebraska (10 experiments on grain
sorghum, 1959-62, and 54 experiments on winter wheat, ' 1952-67;
caloulations based on wheat valued at $2.20 and grain sorghum at $1.3Dfmwt,
nitrogen at 22¢4/lg. )



Effective Fertilizor Uaso Retards Krosion

A well fertilized soil supporting a thriftily growing crep ies much less erosion prone
in sloping positions than a correaponding soil supporting a poor crop. The greater surface
canopy for protection against wind and water action and the greater binding action of a more
prolific root system accompanying the crop that enjoys adequate nutrition are initially
responaible, The reasidual effects of the greater orpanic production are significant, too,
in the improved soil aggregation imparted by the larger guantity of fresh organic return.

It is well recognized that sediment from apricultural lands iso a prime sourca of waler
pollution, both from the sediment itnelf and the nutrients adsorbed on clay particles or con-—
tained as part of organic molecules, Thus, Wadleigh (60) reports an average annual
sediment burden of the Mississippi River of 500 million short tons containing 500,000 tons
of N and 750,000 tone of P,0.. Pertilizer use enters the picture in o different context
here by allowing intenuivecp?oduntinn on better so¢ila of favourable topography therohy
making il possible to relegate inancecessible parcels and highly erosive soil areas to
permanent cover, This nol enly promobes afficiency in the farming operation but can
additionally resull in polluticn alnlement by keeping erosional sedimonts out of the
slircamn,

Effectiveo Fertilization Conserves bWater

Agriculiure is being increasingly pinched in the developed countries of the world
for Lhe share of waler that can be devoled to it.  The problem is particularly acute
in the drier farming regions where erop production in heavily dependent on irrigation
practice, A similar problem is cerlain to become evident with increasing affluence, and
accomponying heavy use of waler, in the developing nations,

Earlier papers of this Fanel have delved inte Lthe interactions between fertilizer
N oand water management, The literature cited there makes it quite elear that fertilizer
will net substitubte tor water. [he water cooled angine of a crop plank is not very effi-
elent In ite tranapirational process sopporting photo-synthesis in any casze, bul io
vaatly improved when dransformed from o state of starviation to thrifly growth by
Judicicus fertilization, Where water is in shorl supply and ean be conirolled, then, it
is ensential thati something approaching the economic maximum of plant material be
produced 4o assure a high water usic efficiency. Thic gbjective will be achieved only with
a well nourisihed plant,

FartilizersPromote Adir Purificalion

Physiclogiatn aolresethe rol® of living planto in air mrification, sbsorbing
€0, from the almosphere Tor use in the photosynthesis of carbohydrates, and releasing O,
Smith (50) has esiimaled that some 13.5 short tons of 0O, is removed from ihe atmonphere”
over a maize field producing 6 300 kg grain/ha ns approximately 15 tons 0, is released,
This hectare of malize would produce enough oxygen in a vear for about 30 prople,
Stimulated wvegetative production wilh the adid of Fertilizers clearly means more frosh air

for mankind, a real bonus as we take inventory of thn innreasing amounts of Cﬂ? that
man's ever expanding activities are releasing to the atmosphere,

Other volatiles of air contamination such as S0, and NH- are addsti-onally absorbed from
the air in proportien to the totnl growth of crop. The crop plant growing thriftily

with adequale available N, P and ¥ will zlways prove a better 'atmosphore serubber!
than a spindling, starving plant, Cropping is perhaps the only produclion process
known to actually improve the surrounding envirvonment ss the end product develops,



DAMAGES CAUSED BY FERTILIZERS TO THE HUMAN ENVIRONMENT

How serious ie the impact that fertilizer technology may be having on the environment?
Some claims of dire conscquences have been levelled against fertiligers, and most particu-
larly againsbt the nitrogen sector (7). The most commonly cited hagards are the sutrophi-
cation of surface waters, the toxicity potentials of high NOy - levels in ground and EurfaLe
waters, crop damage, and ruination eof socils by destruction of the natural N cyocle.

Diungyre to Crops

Fertilizer use ab excessive rates has been known to have deleterious effects on crop
growth.,  Ixamples ape the ledging of small grains and the low sugar conbtent of sugar beets
From excessive N, nutriticnal disopders involving such trace elements as Zn and Fe incurred
by excessive P fertilizer and lime, damaging salt effects on seed germination and seedling
injury Crom too much soluble fertilizer salt adjacent Lo the seed row, acidifying action of
excesgive ferlilizer N oon soil and induced Al and Mn foxicities when compansating lime is
net applied, increased 1ncidence of plant discase and psst abtacks with excessive N, eto.
Jaag (29) in his report to this Panel notes s new concept in plant nuteition evolved by
Voisin and Matile be complement Liebig's"Law of the Minimum" whieh would be called the "Law
of Maximun'. 1tz pucpese is to establish fecbilizer rate ceilings above which losses in
guian by by =z well aa guality of crops could be expected.

Damaygre to Toil Micro— and Macro-orgeani sms

Lately some argunent in favour of organic manaring has centeresd around the fate of tha
earthworm with i1ntensive fertilization. IE is possible to demonstrate the lethal effects
of Fertilizer salts and anhydrous ammonia when applied in contact with a living worm.
Bub 1t is only a very smill portion of the soil habitat occupied by worms thal applied Ferti-
lyzgors dipectly contack, wnd the proportion of the botal population detrimentally affected
i small,  OF Tar preater signiticance te the earthworm 1s the groater supply of Fresh organic
material for it sustensnoce afforded theough Teptilization.  Size and numbers of earthworms
invarisbly increuse as soils are brought from a2 low to high level of fertility through effect-
ive Fertilization.

Hewwy use of N fertilizer is known to be inimical to the activity of symbiotie N fixing
organisms such as Bhisobium sp,  The legume plant well supplied with soil and fertilizer N
18 not 4 very officient N fixer. We can perhaps best pin the blame in this mabter to the
lary character of the symbiotic relationship than to the N fertilizer. Farmérs do necd to
recopgnize bthe situation and to limit N ferbtilizer use prior to growth of the legume if they
are Lo obtain maximum benefit from the Cree N source,

Contention has also been made that feectilizer use, mosb particularly W, will inhibit
poils' capaciby to niteily N feom bhe nabive organic matber source, Numerou“ atudies have
demonaztrated the beneficial effects Lo nitrification derived from providing deficient nubrients
ag Py Ca oand N to the seil. The many kinds of organisms supporbing or competing with the
niteificabion process require a N supply jusl as do highee plants. In the absence of a suf-
ficient N level with plentiful carbonaceous material presenb, 1.e., a high LfN ratio of the
total seil environment, there will be essentially no release of available N through nitrifi-
cation oe crop use because the miorcorganisms 'eal ab the Tirst table'. On the obther hand,
NOy - release from organic sources is enhanced with seil N levels maintained high encugh for
ecanomiac crop producthtion.

To aay that extended fertilizer use results in sterile, unproductive aoil is to disregard
the long term results ol Hothamated's Broadbalk plots, the Askov field of Denmark, and others.
The two fields menticned have not only demonstrated the effectiveness of inorganic fertilizers
for maintaining productivity, bub have shown eguivalence if not supericriby of the inorganic
aource when compared with ogqual amounts of nutrients added as manure.



The Eutrophication Procoess

Much has been written and said concerning eutrophication in this Panel sesaion,
None will disagree that it 1s an unoightly process that degrades the aesthetic qualitiees
of ourface water bodies that traditionally provide the bace for summer water sports,
Degradation may be in respect of excosoive algal scum and aquatic weeds as wWell as
undesirable color, taste and odor of the water. HNor can anyone dispute that eutrophication
is a notural process which has gone on for ages as evidenced by the tremendous areas of
peat bogo found in the higher latitudes which were created prior to the advent of moderm
man on the scene, We can see the process taking place even today in wilderness areano
where man's agricultural technologies have not yet been expressed.

FPactors that have been pinpointed ns triggering the eutrophication process are
nutrient enrichment (54), especially P and N, a carbon source of C0,, favourable tomperature
and non-turbid water, If the latter three are favourable and nutriént concentrationo
reach 0.3 ppm N + and 10 ppb P the algal and various water plant growthe are likely to
follow (23), Other nutrionts are involved as well, just as with Hgher plants, although
K' concentration has probably never limited the eutrophication process (21). HNot to be
overlooked is the fact that shallow farm ponds devoted to commercial fish production will
commonly receive in the order of 80-100 kg/ha of each of N and P 05 annually to acsure the
growth of plankton and other water plants that will allow economic”fish production. These
rates applied at one time produce N and P concentrations in the water well in excess of
those apocified above.

althougrh N and P concentrations have dominant influence on stream or lake pr_odqctiwtar.
others: 1ncluding trace element nutrients are involved and definition of Lhe significance of
any single nutrient to the water-nutrient-plant-animal system 18 difficult {15}.

A major source of most nutrients found in surface waters is in sediments dislodgod
and carried in runoff from the soil surface. The organic fraction with its substantially
higher cation exchange capacity than possessed by soil mineral particles is particularly
significant in this regard., Moreover, the organic fraction by some cbscure complexing
reaction protecis a number of trace elements from precipitation reactions that would remove
them from the nutritionally available status (38), 1In fact, there is increasing evidence
that organic material from livestock or other sourcesmust be added to the water, supplying
energy material for bacteria that would gnneraiccﬂh for the photosynthetic algae, for
triggering the eutrophication process (17).

In areas of limited leaching during soil formation and especlally where soil forming
materials were initially high in nutrients (as with most loess), P and N levels in
impounded waters are almost certain {0 be more than adequate to support eutrophication,
Thus, sampling ground water from some 1200 irrigation welle in aeuiaridfaubhumdd Nebraska
(33) ohowed an average concentration of 0.25 ppm P, far more than enough to support cutro-
phication once the water was impounded and sufficiently warmed,

Mutrienton in Water and Foodos Inimical 4o Human and Animal Welfare

Many factors of chemical, physical and biological character contribute to water quality,
and what is high quality water for one segment of soclety may be quite undesirable to
another. The basic theme of this Panel in dealing with fertilizer contributions to qualicy
degeadabion, however, considecation ia given only to those aspects of mineral concentration
that might be influenced by fertilizer and most pirticularly nitrcogen.



A permissible level of no more than 10 ppn MO plus Nﬂg_ N has been established for
water to be used for human consumption in the U.5.7(57), not because of the toxicity of NO3
but due to the possibility of the NQ}w being reduced to NO.  after ingestion. The labber
combining with hemoglobin in the blood produces methemoglobin, reducing the capscity of the
blood to tfaniPort oxygen. Local astate law in California allows up bto 20 ppm with continuous
suryeillance . IL 13 generally recognized now that many cases in infants previously diagnos-
ed as methemoglobinemia were likely confounded with enteric infection from water containing
fecal contamination {59). The guestion of whal is acceptable MOy concentration of water
remaing a debalable issue Tor humans since no reporbs of methemoglobinemia have been made of
infants deinking from public water supply syatems in the United Ssates. It 1s even more con-
Jectural 1n the case of animals, but perhaps higher by a factor of 4-5.

Nitrate levels have similarly been established for variocus fresh vegebables and for
canned baby Foods from natural sources as well as NO, + NOE_ in presecved fish and meats.
The vegetables spinach, celercy, lettuce and kale have a substanbial capacity 5o accumulate
nitrate, as do such forages as sudan grass, annual gragses, immabure cereals and maize oul
for.silage. Some weed species as pigweed are also nobable accumulators of Hﬂj_. A factor
thal must he considered in this connection iz that man in the developed countries eabs a
variety of eods such that consumption of subsbtantial MOy from a given source is not likely,
whersas dairy cattle eal much of a single source of food material over extended periods of
bime.  HNot only are man and animal subject to nitrabte/nitribte toxicity from high NO: crap
produce, bul lebthal NO, HOz and NzO4 may be produced when forages high in NUE_ are ensiled.

A further danger is bthe posaibility of N0z 1n high HO4 vegetables reacting with secondary
amines to produce nibrosamines.  Substantial evidence exists. for a decressed shelflife of
various Cruits and vegebtables, for loss in flavour of seme commodities, for increased contents
of undeszired free aming acids, and for decreased ascorbic asid and ¥ conbfents of produce when
excessive lecbilizer N has been used, bthe problems being notably worse with some cultivares
bhan others [48).

Deficiency of Mg has been recognized as a mdjor problem in the nubkribion of catble in
many different repions of the world., It is one of many Factors rezsponsible Ffor “"grass Letany”
noticed especially in lactating cows grazing'neotain grasses during cool seasens.  The problem
iz commonly asscciated with a wide ratic of ¥ to Mg in the grass and is accentuated by wvery
high soil levels of available ¥ relative to Mp. Heavy Tertilizabion with K s2lis or manure
has been known to bring on bthe malady. It should be menbtioned, however, thal many serious
ounthrealz have been recorded in arecas where no K Fertilizers have been used and the under—
Cstanding of all causes remaing a complex problem {EEF,

Excessive rates of P fertilizer have been known to cause substantial reduction in the
above-ground concentration of such elements as Fe and Zn in plants.  In many cases of record,
particularly on soils of high pH, the reduction has been great enough to cause depressions
in crop yield. The elements Fe and Zn being essential For animals as well, it is conceivahle
that heavy P lferlilization could reduce animal intake to deficiency levels although no cases
have been recordad to date (1),

lf WHO pecommended standards lor deinking wabter in BEurope are: 0-=11.3 ppm ND3 - N
recommended, 11.3 = 22.5 ppm acceptable, and above 22.6 ppm nob recommended.

-



A permizsible level of no mope than 10 ppm NO-  plus NO» W has been established for
waler to be used for human consumpilion in the U+S.d(5?} nok bCCdUEe of the toxicity of NO3
but due to the pessibviliby of the NOi  being reduced bto NO,  after ingestion. The latter
combining with hemoglobin in the blood produces methemoélﬂﬂ‘ﬂ, reducing the ecapacity of the
blood to brangport oxygen. Local state law in California allows up bto 20 ppm with continuous
surveillanece E +« Ik 1z generally recognized now bthat many cases in infants previously diagnos-
ed as methemoglobinemia were likely confounded with enteric infection from water containing
fecal contamination {59). The guestion of whal is acceptable MOy concentration of water
remaing a debalable issue Tor humans since no reports of methemoglobinemia have been made of
infants deinking from public water supply syatems in the United Ssates. It 1s even more con-
Jectural 1n the case of animals, but perhaps higher by a factor of 4-5.

Nitrate levels have similarly been established for varicus fresh vegebables and far
canned baby Foods fron natural sources ag well as HO + MNOg in prquvEd fish and meats.
The vegetables spinach, celecy, lettuce and kale have a subsi ﬁﬂtlal capacity to accumulate
nitrate, as do such forages as sudan grass, annual gragses, immabure cereals and maize oul
for.silage. Some weed species as pigweed are also nobable accumulators of Hﬂj_. A factor
thal must he conzidered in this connection iz that man in the developed countries eabs a
variety of Ceods such that consumption of subsbtantial NOy from a given source is not likely,
whersas dairy cattle eal much of a single source of food material over extended per iods of
Lime.  Not only are man and animal subjecht to nﬁtrdLefnltr1te toxicity from habh MO Crop
produce, bul lebhal N0, HOz and h201 may be produced when forages high in NO3  are ensiled.

A further danger is Lhe pD“ﬂlbllluJ af hﬁg in high \O1 vegetables reactlng Wwith secondary
amines to produce nibrosamines.  Subztantial evidence exisbs for a decressed shelflife of
various [Cruits and vegetables, for loss in flavour of soeme commodities, for increased contents
of undeszired free aming acids, and for decreased ascorbic asid and ¥ contents of produce when
excessive lecbilizer N has been used, bthe problems being notably woerse with some cultivares
bhan others (48],

Deficiency of Mg has been recognized az a mdjor problem in the nubribion of catble in
many different repions of the world., It is one of many Factors responsible For “"grass Letany”
noticed especially in lactabing cows grazing certain grasses during cool seasons.  The problem
iz commonly asscciated with a wide ratic of ¥ to Mg in the grass and is accentuated by wvery
nigh soil levels of available ¥ relabtive to Mp. Heavy Terbilizabion with K s2lis or manure
has been known to bring on bthe malady. It should be menbtioned, however, thal many serious
ounthrealtz have been recorded in areas where no K Fertilizers have been used and the under—

, standing of all causes remaing a complex problem {227,

Excessive rates of P fertilizer have been known to cause substantial eeduclion in the
above-ground concentration of such elements as Fe and Zn in plants.  In many cases of record,
particularly on soils of high pH, the reductieon has been great enough to cause depressions
in crop yield. The elements Fe and Zn being essential For animals as well, it is conceivahle
that heavy P lferlilization could reduce animal intake to deficiency levels although no cases
hawve been recordad to date (1),

lf WHO pecommended standards lor deinking wabter in BEurope are: 0-=11.3 ppm Nﬂ3 - N
recommended, 11,3 = 22.5 ppm acceptable, and above 22.6 ppm nob recommended.
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Table 2, Estimated amounts of nutrients contributed from varicus sources for
water supplies of the U.3. (37).

Nutrient Bource Hitrogen Phosphorus
Milliens of kg/year
Domestic waste B0 - T30 91 - 227
Industrial wasta 455
Hurgl runoff
Agricultural land 620 = 800 55 = 550
Nonagricultural
land 180 - 860 68 - 240
Farm animal waste 455
Urban ranoff 50 = 500 5= 77
Bainfall 14 - 270 1.4= 4

Study of the Potomae River watershed (61), on the other hand, gave indication of a
gubatantially lower agricultural contribivion of nutrients than proposed in Table 2.
Same 24 million pounds of ¥ and 8 million pounds P were reported nz being released
annually into the Potomae rom sewape plants of MWashington, D.C. Between Jamiary and
August, 1969, only 34 percent of the N and 14 percent of the P in the river came from the
12,000 sguare mile Polomac watershed above the city and considerable of these amounts
could be attributed to sewsr Tacilities of smaller towne upstrsam,

The hizh phosthate detergents have had their day in court and been Tound guiliy,
They have been a predominant contribuior to P opollution of streams in most countries
af the devaloped world and are presenily being replaced by cther materdials of lower
F concentration, with much concern now being expressed on potential hazards of the sub-
siitules comparcd with the former highly efficient phosphate detergents. The summary of
putrient scurcez in Table 3 for surface waters of the state of Wisconsin emphasizes the
need for romoving the detergent contribution to the 58 percent of toial P coming from
municipal and private sewage facilities, U.S. estimates as well as those of Jaag (29)
in Switzmerland supggest that about half of the sewage P came from detergeni source,
Alternatively, tertiary treatment would seemingly be called for at early date with sub-
ghtantial increase in taxes for building the treatment facilities, The large loss of N
and P from manured lands is due to manure having Leen spread on frozen soil, a practics
to be discouraged. The 42 percent of N in surface walers coming from groundwater suggests
that agricultural drainage is supplying a subsiantial proportion of the tolal.

Soluble P concentration in streams tends 1o incrcase with increasing water flow,
precsumably due to stirring up af bottom sediments containing relztively soluble ferrous
phosphate, (61). Nitrogen also tends to be higher during spring months of femperate
repions,  Various explanations have been given, but certainly acoelerated runoff in the
spring from urban areas and feedlots as well as farmed land must have contributed to the
portion coming from groundwater.



Teble 3, DEstimates of sources of plant nutrients entering Wisconsin surface watsrs (8).

Source u H F
&

Municipal treatment fasilities 24.5 5547

Friwvate fewnge systems .9 242

Industrial waptesn 1.8 2,4

ural sources:

Manured lands 9.9 21.5

Other cropland 0.7 3.1

Farest land 0.5 0.3

Prsture, woodlot ~nd

cther lands 0.7 Z,0

Groundwater 42,0 2.3
Urban runoll h.5 10,0
Hainfall on water arsan 8.5 1.2

Subsiontial inorganic P can find its way to siream® originating from plant
residues through which runoff waters had penetrated in the spring (26). Bspecially did
gnow melt water carry higher amounts of P than runoff during other parts of the year,
explainable by the fact that frozen soil below allowed minimal contact betwsen the water
and soil particles for P adsorption. The lucerne crop with an appreciable organic mat on
the surface afforded 3,5 itimes as much Tunoff P ag water from maize stubble, SHuch residue
source of runoff P certainly cannot be sscribed to fertiliszer.

There does not seem to be a significant problem of phesphate fertilizer materials
moving to streams and groundwater except as erosional sediments bearing a,ﬁsor“bc:i ¥ are
washed dintc water courses (37}, nor ie there likelihood of appreciable K being leached
$o the groundwater other than through very sandy soils (21). Highly significant is the
fact that soluble phosphate concentration of the Kaskaskia River at Shelbyville, Illinois,
has remained virtually constani since196?, a perdod during which fertilizer F consumpticn

has tripled (24).

Much of the dizcuaszion that follows deals with N accumalations since 1% is an element
about the use of which concern has heen volced. There are numerous cases of recoed of
excessively high mineral N contents of pround and surface waters. 1 13 especially amportant
that primary 53._"-!1:{;;:':5'.} be pecognized for enviroamental! protection as well as profection of
any arcu=sed innnoenta.



As polnted out by Vieta and Hageman {59}, the coprentration of feedlot animala
into very limited areas, for example in the order of HOO cattlnfhectare, has
greatly accentuated the pellution controel problem azssociated with animal wastes, The
approximate 1.8 billion metric tons of manure (solid plus liguid) produced annually
in the U.5. by domestic animals, each cow producing the approximate sewage of 12-16 peopla,
wonld necessitate sewage plant facilities far in excess of those now existing for the
urban pepulation if the wastes were 4o be so handled. Such an analogy is hardly appropriate
in this case, however, sinece a major portion of the constituents of manure in properly
managed feedlots never reaches water courses or groundwater due to surface decomposition,
if not incorporated with soil as fertilizer. Concentrations of nutrients contained in
animal wastes vary widely depending on type of animal, ration provided the animal,
“elimatic conditions and methoda of handling the manure (46). The value of N, P and K
contained in manure for crop growth has long been lmewn, but additienal potential
pollution hasards are various diet additives including Cu, Zn, A8 and NaCl as well as
pesticiden and growth hormones, Plant and animal pathogens and undesirable weed seeds
may also be disseminated in animal wastes, Aside from the accumilated manure itself,
runoff from beef cattle feedlots will often contain very substantial amounts of NO,  (19)
and presumably other water soluble pollutants, Substantisl amounts of NO, may acfumulate
in the soil below the Teedlots (Table 4), as well as in farm water SupwlyjaystEma.[53].
Substances which were traced in leaching from feedlots were recognized as the primary source
of high N0, in the aguifers studied, Smith (50) in Missouri similarly recognized that
local grou%dwnter accumulations of N were associanted with concentrations of feedlot
animals, The latier twoe groupa of researchers contended that fertilizer N has not
contributed significantly to HUB_ buildup to date, but could become a factor in the future
with ever increasing amounts of " fertilizer N consumed,

Significant quantities of WO, found in streame can most likely be attributed to
seapage from the groundwater o 0 wastes from cities, feedlots or indusiries. Lesa
important would be that derived by runoff from soil surfaces by reason of the ready move-
ment of N0y  dons downward through seil media. Few cases exist of consistently in-
creasing N0y~ contents of U.5. streams where fertilizer use on agricultural lands
adjacent can be documented as responoible. Perhaps the most comprehensive study that has
been made is that of the U,S, Salinity Laboratory (6) in the Upper Rio Grande watcrshed
of New Mexico over the approximate 30 year period of 1934-1963, During this time
fertilizer N use on the adjacent irrigated wvalley land increased many-fold while a
substantinl decline oc-urred in the river's H03 load, with the decline being attributed
to a decreased river flow. Similarly, nitrate concentrations did not increase in the
majority of 17 British streams studied during the period 1953-1967 despite a substantial
increase in fertilizer use during the period (23).



Table 4. Average NO, N in the surface 6.5 meters of soil and in the water table
below in Calorado {53), ;

) HO, N Water tobles Ground-

Land uwse Profilen in E.% m sampled waier

sampled of soil bolow '1!03-‘11

keg/ha no, ppm

Native grassland 17 101 B 11.5

bry Farming cropland 21 294 4 T.4
Irrigatod land _

Exaluding alfalfa 28 REG 19 11,1

In alfnlfa 13 89 11 9.5

Feedlois 47 1,616 33 13.4

Connideralle of the recowled dnin on minerzl W eontonts of surfzce waiters ia of
questionabhle value due to the manner of sample procesains. It 13 also important to
recﬁgnizc that 'grab' samples arc not especially meaningful in expressing trends of
MH, and KO, loads din strenms oinee quantities found wary tromendously over ahort
‘ti#u.‘.' takarvels depending o dinpal into the stream above the sample site {52). Concan—
trationz in surface wabters tend to wvary much more over short distnnces than in ground-
watlers due Lo micro and secvoorranism assimilstion, A further confounding factor
suppeated by ¥iets (58) is that inereasing NO,  measurements in o stream over time may
reflecl evidence of the elimination of orpganift pollution by raw seWage. As DOD
zzzocinted wiih sewnge is eliminated by effective digesiion in pewnge planis, more H‘U}_
appears in the waier. Ultimnie solution lo this dilemmr wiilh increasing numbers of
people requires tertiary and much more costly treatment for removing ihe Imh .

vork of Stout and Buran (96) in Califormia indicated that level of soil fertility
was n prime factor influencing N0, econseniration of the groundwater below, and that
eoncentration was in proportien 18 the fraction of applied water passing below the
root pone. ‘The study also ahowed thal contaminated irripation water can be purified by
eropa 10 fertilization dis wijusted Lo oerop need.

Irrigation of soils in the drier reglons is perhaps as much regsponsible as any other
faclor for Lhose cases where incrensed Hﬂ3 concentration of the groundwater has been
observed, Rensen for thiz is not so much™a result of composilion of the irrigation watler
itselfl or fertilizaiion associated with irrigation practice, but rather that some of the
very subst =tial amounis of N coming from decay of the native soil orgmnic matier incident
to culiivation moves through with the water.

Contributing locally have been larpe amounta of ancient nitrate present in the seoil
profile abowve the water table, Tz, Glandon and Beck (20) suggest that these high
residuals account for larger quantities of nitrogen in drainage waters of California than
was provided by fertilizers, Similar observationa have been made locally in irrigated '



Table 4. Average §O, N in the surfnce 6.5 meters of poil and in the water table
below i Calorado {53), ;

. HO, N Water tobles Ground-
Land use Profilen in 6.% " sampled water
sampled of =0il bolow HDJ-H

keg/ha no, opm

Native grassland 17 1M1 B 11.5
bry Fariming cropland 21 294 4 T.4

Irrigatod land _

Exeluding alfalfa 78 549 19 11,1
In alfnlfa 13 59 11 9.5
Feedlois 47 1,616 33 13.4
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recﬁgninc that 'grab' samples arc not especially meaningful in expressing trends of
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ti%n intarvdls depending on input into the stream above the sample site (62). Concen-
trations in surface walers tend Lo vary mach more over short distnnces than in ground-
walers due Lo micro and meeroorranism asgimilstion. A further confounding factor
suppeated by Viets (58) is that inereasing NO, measurements in o stream over time may
reflecl evidence of the elimination of orpganift pollution by raw seWage. As DOD
zazpeinted wiih sewnge is eliminnted by effecctive digesiion in sewnge planis, more 1?03—
appears in the waier. Ultimtie solution io this dilemmr wiilh increasing numbers of
people requires tertiary and much more costly treatment for removing ihe Imh .

vork of Siout and Buran (96) in Califormia indicated that level of soil fertility
was n prime factor influencing MO, eonceniration of the groundwater below, and that
concentration wns in proporbien 48 the fraction of applied water passing below the
reot pone.  The study also ahowed thal contaminated irripation wabter can be purdfied by
eropg il fertilizabion is odjunied Lo erop need,

Irrigation of moils in the drier regions is perhaps as much responsible an any other
factlor for Lhose cases where increased Hﬂ3 concentration of the groundwater has been
observed, Rensen for thiz is not so much™a result of composilion of the irrigation watler
itself or fertilizaiion associated with irrigation practice, but rather that some of the
very subst =tial amounis of N coming from decay of the native soil orgmnic matier incident
to culiivation moves through with the water,

Contributing locally hoave been larpe amounts of ancient nitrote present in the soil
profile abowve the water table, Tz, Glandon and Beck (20) suggest that these high
residuals account for lapger quantitics of nitrogen in droainage woters of California than
was provided by fertilizers. Similar observationa have been made locally in irrigated



Kohl et al, (34) have recently attompted to distinguish sourcds of M in
Tllinois streams by isotopic distribution of '5M and YN, 'The approach Préﬂumﬂﬂ that
fertilizer N hao the same 1sotopic ratio as atmospheric ‘N, while N of biclogical soil
origin io onriched in 15N, Dased on ration measured on drainnge water from tiles lines
and surface waters in an Illinois watershed they estimated that 55~60 percent of the
NGO, found originated from feriilizer N. A guestionable aspect of the interpretations
maﬁe is that mineralized NCy , which was used zs the base for comparison, was generated
from soil collected at a single oite in the watershed, Delwiche and Steyn (10}, for
example, have demonstrated that zoil K has no fiwxed isotope ratio due ito the complexity
of the N transformations inwvolved, which would suggest that gquite a range in isotope
ratios might have been obtzined had nitrified N from many locationes in the watershed
been mespured,

Ungquestionably, excessive amounts of W fertilizer have boen applied locally, and
in partioular for speciality crops of wery high harvest walue like vegetables for the
freah markel, eitrug and other fruits, and the nut crepa, 'The Arroya-Grande-Grover
City aren of Cnlifarnia is a onno in point where average annual application of N for
gtrawberries wan roported to bo 163 kmfhu and for celery 3246 kg (Gd}. Hitrate concon—
tration of the vhallow groundwater in this aren is wvery hipgh, Similarly, Bingham et
al. (4) report an average 146 kg Hfhn being applied to a emall watershed devoted to
citrus production in southern Californin with KC3 in the percolale equaling about
45 percent of the N applied, The USDA 305 report showing Nebraska with the highest rate
of N use on miize of all states in the U,5, in 1368 at 168 kg/ha puggests that 2 number
of farmers have been using rates well in excess of need, presumably due to low coot of
fertilizer., Some lessons have been learned toe well in placesn, in this case crop removal
vs return, for which some unlearning will be required, A cage in point is the state of
Tllinois which in 1970 added 29 percent more N and &7 porcent more F than was harvested
in crops (65). 'We cannot condone cases of known excesses, and muot stirongly advocate
that all industry and agricultural advisory services adjust N rate recommendations teo
realistic lovels., The developing counlries, on the other hand, are far below the use
levels employed in developed countricn of the world and there should be no cause for
concern in the foreseeable future if for no other reason than the cost of N there.

Rate of fertilizer N should afford best return in quantity and quality of crop
and at the same time minimize loas to the environment. Some agronomists are now
suggesting thal yield levels in the order of 90 percent of potentdal should be the ob-
jective where fertilizer N is involved because of the rapid decline in utilization
efficiency that accompanies rates approaching and above the economic maximum, An additional
reason that has been cited by Schuphan{48) is the need with some cropto apply a N rate
below the levelrequired for maximum yield in order to assure beat biological value of the
produce, Ao nominal Tates of W arc employed, time of application of the N becomesn of
the esaenco becnuse the longer the residence of fertilizer N in poil before root uptake
the greater is the probability of ite lowvs by one mechanism or anather. ConsEquuntly, the
same yield can be preduced with leso N the closer applicaticn time can be adjusted 1o the
time of maximum crop demand (35, 43). Loss potential of greatest concern from the
environmental standpoint is that from leaching, Createst likelihood of leaching loss to
the groundwater can be anticipated with coarse textured goils that ore well aerated ?Pﬂm
the surface to the water table, and least in those poorly drained types in which den:t?i—
fication can occur during and immediately after perieds of rain or irrigati?n. Ctherwise,
there is not likely to be significant leaching loss of NO, during the growing season of
temperate regiona since rate of crop water use normally E%cncdu rminfall received during
that period. This principle may not hold for iropical regions, however, whers the crop
grows during the rainy eeasen (17). Lopzes are also related to the kind of cropping
practised, with least loss oceurring with grass production (30).



In the event detrimental effects from widespread use of N and P fertilizers
do become apparent, we knmow of several ways to reduce losses without sacrificing the
very important benefits to be derived from fertilizers (39). Rates and times of
¥ application can be adjusted to better satisfy the crop's needs without loss potentlals
(30, 43, 44), delayed release N products can be employed (44), better control of
irrigntion water can be achieved, and improved scil conservation practices can be used
to retard surface losses of seil N and P (32). Calibration of soil testing procedures
with the majority of nutrient elemontn has progressed to the stage that we can confli-
dently predict not only deficiency but excess levels of nutrienis in the rooling profile
for apecified crops: we have only to give credence to these calibrations and ablde by
them.

COMCLUSIONS |

Clearly, fertilizers have done much toward making bhis.world a bebter place in which
ko live. They are presently and will hecome increasingly indispensable for providing food
for those now living and the generations to come. The long-term evidence that is available
far from proving that fertilizera are damaging to soils and theie organic resecves shows
the contrary. Less apparent but penuine benefits derived {rom proper Pertilizer use are
an enhanced water use efficiency and a cleaner atmosphere from the better crop growth
achieved. Abuses to the environment have been induced by excessive fertilizer use in
certain localities, and it is important that correcltion be effected in these cases. On a
world-wide busis, however, it scems recasonable to predict there would be a strong backlash
to the environmental crusade if food became more dear through restrictions on fertilizer use.

What may be envisaged as requircmenis for the fubure to preserve the inkegrity of the
environment insofac as fectilizer use is concerned? In my humble opinion, the two key words
are moderation and monitoring. - Neither will ke too difficult to put into practice. The under-
lying question will rsvolve around how much we are willing to pay ko accomplish the objective.



REFERENCES CITED

1, Allaway, W.H., Feed and food quality in relation to fertilizer use. In Fartilizer

1971 Technology and Use, R. A. Olson et al. (eds.), Soil Sci. Soc. Amer.,
Madison, diasct 533-556

2, Allison, F.E. The enigma of soil nitrogen balance sheets. Advan. Agron Tt 213=-250
1955

y, Biggar, J.W., and R.B. Corey, Agrioultural drainage and eutrophication. In Eutrophicationt

1969 Cases, Consequences, Correction. Nat. Acad. Sci., Washington, D.C:
404-445.

4, Bingham, P.T., S. Davis and E. Shade, Water relations, salt balance, and nitrate leaching
1971 losses of a J60-acre citrus watershed. Soil Sci. 112t 410-418.

5, Bondorff, K.A., Field experimenis With farmyard manure and artificial fertilizers at
1952 Askov, 1894-1948. Agri-Chem Review (Am. Cyanamid Co.) 1:3-5.

6, Bower, C.A. and L.V. Wilecox, Nitrate content of the Upper Rio Orande as influenced by
1963 nitrogen fertilization of adjacent irrigated landas. Soil Sci. Sooc. Amer.

Proc. 333 971973
1. Commoner, Barry Balance of nature. In Providing Quality Environment in our Communities,

1968 W.W, Konkle (ed.), Oraduate School Press, U.5.D.A., Washington, D.C:
37-62
8. Corey, RuB., A.D. Hasler, G.F, Lee et al, Excessive water fartilization. Report to the
1967 Water Subcommittee, Natural Resources Committee of State Agencies,

Madieon, Wisc.
3., Uottaniae, A, Studies on the effects of intensive fertilizer use on the human environment

15972 in Belgium, Soil Bulletin No. 16, FAQ Home

10, Delwicho, O4Ce, and P.G. Steyn, Nitrogen isotope fractionation in =oile and microbial
1370 reactions, Environ. Soli. Tech. 4 929-035

11, Drucker, Peter F. The high cost of protecting our future: saving the crusade. Harper's
mie Magazine, Jant 66-T1

12. Feth, J.H. Nitrogen compounds in natural waters — & raview. Water Resources Hes.
1568 2:41-58

13, Food and Agriculture Organizatlon of the U.N. Provisional indieative world plan for
1969 agricultural development. Rome. p

14, Frink, C.Ra Plant nutrients and water quality. Agr. Sci. Review 9, C.3.R.5., U.3.D.A
1971 11=25

15, Fruh, E.3., K.M. Stewart, 0.F. Lee and G.A. Rohlick. Measurements of eutrophication
1984 trends. J. Water Poll. Cont. Ped. 38: 1237-1258

16, Oarbouchev, Y. Rescarch on the effects of intensive fertilizer use on the human environmani
1972 in Bulgaria. Soils Bulletin No. 16, FAD, Roma

17. Garman, W.H. Nutrient cyoles and agriculiural rescurce management. Soils Bulletin No. 16,
1972 FAQ, Rome

1%, Geryy, 2.0. Fhosphorus requirementsof mankind and their effects on the environment.
1772 Spils Bulletin Ne. 16, FAD, Home

13, Gilbertson, C.D., T.M. McCalla, J.R. Ellis et al. The effect of animal density and
1370 surface slope on characteristics of runoff, solid waste and nitrate movement

on unpaved feed yards. Nebr. Agr. ExP., Sia. Bul. 508, Univ. of Nebraska,
Lincoln, Nebr.
20. Glandon, LeRey Jrey, and L.A. Beck. ¥onitoring nutrients and pesticides in subsurface
1963 agricultural drainage. In Collected Papers Regarding Nitrates in
Agricultural Waste Water. 7.3.0.1., FuW.Q.A. Water Pollut. Contr. Res.
Ser. 13030 ELY 12/79, Washington, D. Cet 53-T9.
21, Orimme, H. Sorption and mobility of potassium in soils. S0ils Bull. 16, FAO, Roma.
1972



22, Urunes, D.L., P.R. Stout and J.R. Erownsll., Orase tetany of ruminants. Advan. Agron.

1970 22t 331-373.,
23, Halliday, D.J. Eutrophication of inland waters with special reference to the influence
1972 of agrioultural practices, including the use of fertilizers. Soils Bull,

16, FAQ, Rome.
24, Harmeson, R.H., and T.E. Laraon. Quality of surface waters in Illinole. 3St. Water Surv.

1969 Dive Bul. Sd.
25, Harre, BEdwin A,., Willard H. Garman, and Wm. C. White, The world fertilizer market. In
1971 Fertilizer Tochnology and Use, R.A. Olson et al. (eds.), Soil Sci. Sooc.

Amera., Madigon, WiBoe! Z(-55e
26, Holt, ReFsy, D.Rs Timmons, and J.J. Laterells Accumulation of phosphates in water. J. Agr.

1970 Food Chem. 181 T81=T784.

27. Hutohinson, O.L., and F.J. Viets, JRs Nitrogen enrichment of surface water by aboorptlon
1969 of ammonia volatilized from cattle feod lots. Seil. 166: 514-515.

28, Ibach, D.Bs, and J.R. Adams. Crop yleld response to fertilizer in the United States.
1968 U.SeDeA. Statio., Bul. 431t 295 p.

29, Jaag, O« The main sources of eutrophication of inland waters with special reference to the
1972 comparative magnitudes of pollution sources. Soils Bull, 16, FAO, Rome.

30. Jung, J. Factora determining the leaching of nitrogen from soil, including some aspecis
1972 of maintenance of water quality. Soile Bull. 16, FAD, Rome.

31, Kilmer, Victor J. The relationship of moil and fertilizer phosphorus to water quality.
1972 Soils Bull. 16, FAQ, Rome.

32. Klingeblel, A.A. 3Soil and water management to reduce logs of plant nuirients through
1972 runoff and srosion. Soils Bull, 16, FAO, Rome.

331, Knudson, Delno, Clinton A, Hoover, Paul Fischbach and Deon D. Axthelm. The Nebraska water
1965 quality surveys Nebrs Agr. Ext. Ser. Cirec. 65-165.

34, Kohl, Daniel H., Oeorgia B, Shearer, and Barry Commoner. Fertilizer nitrogent Contribution
1971 4o nitrate in surface water in a Corn Belt watershed. Science 1741 1331-1334,

15, lathwell, D.J., D.R. Bouldin, and W.5. Reid, Effects of nitrogen fertilizer applicationa in
1970 agriculture. In Relationship of Agriculture to Soil and Water Pollution,

Proc. Cornell Univ. Conf. on Azr. Wacto Mgmte. held in Syracuse, N.Y.t192-206.
36. Lee, D H,K, Nitrates, nitrites and methemoglobinemia. Environ. Rev. No. 2., Hatl. Inst.
1970 of Environ. Health Sci., U.S5. Dept. Health, Educ. and Helfare,
HWashington, D.Ce.
37. McCarty, P.le, Chairman Task Oroup 2610-P. Sources of nitrogen and phosphorus in water

1967 supplies. J. Am. Water Works Assoc. 53t 344-366.

38, Mortensen, J.L. Complexing of metals by eoil organic matters Soil Seci. Soo. Amer. Proo.
1963 271 179-186,

39, Nelson, L.B. Agricultural chomlocals in relation to environmental quality: Chemical
1972 fertilizers, present and future. J. Environ. Quality 1: 2-6.

40, Oden, Svante. The extent and effeots of atmospheric pollution on soils. Sollas Bull.
1972 16, FAO, Rome.

41. Oloon, R.A. The fertilizer programme of the Freedom from Hunger Campaizne. In Change
1970 in Agriculture, A.H., Bunting (ed.), Oerald Duckworth and Co. Lid.,

London: 539-605.
42, Olson, R.A., and A.F, Dreier. Fertilizer practices for crops in dry farming. Int
1970 International Conference on Mechanized Dryland Farming, WeCe Burrows, et al,
Tede), Deere & Coe, Moline, I1l.1 124-144.
43, Olson, Rehs, A.F. Dreier, Co Thompson et al. Using fertilizer nitrogen effeotively on

1964 grain cropse Nebre. Agre Expe. Sta. Dul. 479, 42 ppe
44. Parr, J.F. Chemical and biochemical considerations for maximizing the efficiency of
) 1972 fertilizer N. Soils Bull. 15, PAD, Rome.
45. Poterson, C.A., 2nd D.J. Vettor. Soil nitregen budget of the wheat-fallow area. Nebr.
1971 Agr. Exp. Stae. Quart. 17 (Winter): 23-25.
46. Peterson, J«R., T.M. McCalla, and George E. Smith. Human and animal wastes as fertilizers.
1971 In Fertilizer Technolory and Use, R.A. Olson et al. (eds.), Soil Sci. Soc.

Amer., Madison, Wis.: 557-596.



47
48.

63,

64.

B5.
6o,

ls-lrn

Preaident's Sclence Advisory Jommittee, Panal on the World Food Supplys. The world food

1967 problem, The White House, Washington, D.C.
dchuphan, We Effects of the application of ingrganic and organie menures on the markei
1972 quality &nd on the bioleogical walus of agricultural products. Soils

Bulle 16, PAD, Romo.
Saimy Eul., PuN. Mogher, and R.h. Olson. How much pollution from fertilizers? Nebr.
1972 Agr. Exp. Sta. Quart. (Winter).
Amith, George E. Statement at Senate subcomnities hearing on sir and water pollutiom,
1971 Kanzas Clty, Mos, Apre 2.
Smithy, %eEs HNitrate problens in water as related 4o soils, plants and water. Water Forum,

1955 Spece Hepls #5%, Unive of Miesouri, Colombia, Mo,

Stanford, Gey Cela England, and A.Ws Taylor. PFertilizer use and water qualitye U.S.Dele,
1970 Aeileds A1=1894 U.3, Jovte Printing 0fts, Washington, Da.C.

Stovarty Heh.y Fuls Viets, Jr.y G.ls Hotchinson, et al. Distribution of nitrates and other
1967 witer pollutznts mnder fields and corrals in the middle South Platte

Valley of Colorado. U.S. Dept. Agr., Agr. Res. Serva., AR3 41-134 206 pp.

Stewart, K.M.; and G.4. Hobhlich. Eutrophication — a review. ‘Pub, 34, State Water Quality

1967 Contrel Ble, Calif,

Stewart, He, z2nd W. Peterzon, The nitric nitrogen content of the country rock. Soil

1916 Sei. 2t 345-361.

Stout, Perry He, and H.0, Burau. The extent and significance of fertilizer buildup in

1967 apils as revenled by vertical distribvutions of nitrogenous matter hetween
soile and underlylng water reservoira. Symposium on Agriculture and ihe
Quility of Qur Environments Asdededs Pube 05, Hashington, DeC.

United States Department of Health, Education and Welfars, Publia health service drinking

1562 woter standards. UlS. Depts Health, lduc. and Welfare Pub. 5956, Washingbon,
D.Cey &1 pr.

Vietn, Fole, Jr. Hoter quality in relation to farm use of fertilizer. Blo-Sclence 21t

1971 AB0-46T o

Viets, Frank G., Jr., and Richard . Hagenan. Factors affeoting the accumulation of

1971 nitrate in zoil, water, and plants. V.D3.J.A., AH.5. Agr. Handbook

no. 413, &3 po.

Wadleigh, O.H. Wastes in relation to agriculture and forestrys. U.3.D.A. Miso. Fub.

1968 1064, 112 pp. ;

Wadleigh, C.H. Plant nutrients with respect to water quality. terstate Comm. on the

1969 Fotoman Rivor,

Wadleigh, Cecil H., and Clavence 5. Britt. Iesues in food production and clean water. In
1370 Apricultural Irastices and Waler Quality, Ted L. Willrich and George E. Smith

{edz.}, Tho IoWa State Univeroity Fresa, Ames, Ia.t JIX - XEVII.

Walier, T.W., B.K. Thapa, and ALF.R. Adams. OStudies on soil organic matter: 3.

1950 Acsuwmlation of carbon, nitrogen, sulphur, organic and toial phesphorus in
improved grassland seils. Soll Seil. 87: 135-140.

Ward, PeCs Existing levels of nitrates in waters — the California situation. In Nitrate

1370 and Water Supplyt  Source and Controls Twelfth Sanits IEngine Confs Proo.,
Friuzine Pube 0ffey Unive Illinois, Urbana, Ill.: 14=264

HWelch, L.Fs Personal commnication.

1971

Welte, BSeils Bulls 16, FAO, Rome,

1972 :

Taalon, D.H. The concentration of ammonia and nitrate in rain water over Israel in

1964 relation to environmental factors. Tellus 161 200-204.



MAXTIMIZING THE UTILIZATION EFFICIENCY OF FERTILIZEHR N

BY SOIL AND CROP MANAGEMENT ~

R.A. Olaon

Profesgor of Agronomy, University of Nebraska

Intreduction

Feptilizer N at some 27 million metric tons ia the most extensively reguired and used
nutrient world-wide for economic crop production. With projections of a doubled consumption
in the next 15 years, it clearly constitutes a major input cost for the world's farmers.

Evidence of the impact of fertilizer H on modern crop production is presented in
Figure 1 {updated from Barber and Olson, 1968). It is obvious that fertilizer W played a
majer role in the near tripling of state average yields which occurred between 1948-1970
in Nebraska and Indiana representing the western and eastern portions of the Corn Delt,
U.5.4. Uther technological advances during the peried undoubtedly contributed to the
portrayed yiald improvements including improved hybrids, better tillage and weed control
methods, expanded irrigation development, ete., but the N contributien was predominant.
Implicationa for the develeping countries of the world are clearly apparent.

With the emphazis that has recently been placed on environmental quality, and in
special consideration of the mobility of N in soil, it is essential that fertilizer N
management be directied toward .maximum erop utilization efficiency. It will be the objective
of this paper to detail practices which have proved effective to this end.

Impact of Cultivation on Soil W

Many invesiigators have reported sharp declines in seil C and N from the native state
after land has been placed under cultivation. Thus, Haas et al. (1957) report an average
losa of 1% percent of ihe ¥ Trom the virgin surface seil of 74 locations in a subhumid
tempecate region over a 3b-year eropping peried, or glightly more than one percent loss
per year of cultivation. They also reported lose of 15 percent of the total N in the
15-10 em depth of s0il from 3% years' cropping at seven locations. This and other similar
studies have demonstrated a linear decline of N with time for 30-50 years in temperate
regiona when a new and substantially lower equilibrium level is reached. The decline in N
involved invariably greatly exceeds the amount of W taken off in crope and thus ougpests
other avenues of loss, predominant among which are removal by erosion, leaching of nitrate,
volatilization of ammonia and denitrification.

Nitrate leaching depends on a number of factors, most important of which, according
to Allison (1965), are: (1) Amount and form of soluble and unadsorbed N present or added;
(2) time and amount of rainfall; (3) infiltration and percolation rates, both markedly
influenced by soil physical properties and tillage practice; (4) soil water holding
capacity and profile moisturs content when rain or irrigation ccoura; (5) character of
srop, if present; (6} amount of evapotranspiration; (7) N removal rate by the crop;
(8) extent of upward N movement during drouth periecds; and (9) extent to which N is leached
balow the root zone. Allison as well as Nelson and Uhland (1955} have expressed the belief
that leaching losses generally occur when no crop is growing on the goil and that precipi-
tation in a subhumid temperate region as expressed in midwestern U.5.A. is usually inade-
gquate to cause significant leaching during the growing season.
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_ Irrespective of the chemical form added as fertilizer, N is readily converted into
NO3 under aerobic conditions and is then readily leachable, especially in the fall and
spring months in the abeence of an established crop root system.’

Volatilization lossea of N can occur in several ways, including evelution as molecular
nmmnnia from NH} sources, and as No and H,0 from biological and ‘chemical’ denitrification
of NO} and NOs sources. Ammonia losses are mest likely to occur from surface applications
of NH} -containing or producing materials to soils of high pH, while N_ and N.0 volatiliza-
tion &a eppecially asscciated with low oxygen tensicne ascompanying pagr drainage.

In a summary of 51 lysimeter studies invelving cropping to non-legumes in the U.S.,
Allison (1955) concluded that 15 percent or more of the total N applied was unexplainably
loet; above and beyond that found in percolating waters, and presumably due to volatiliza-
tion. Viets (1960) reported some notably larger unexplained losses, in the range of 20-92
percent of the N applied, in a series=s of long term field experiments in the western U.3.
Greatest losses were noted on fine textured calcareous soils in which aeration could be
poor following rain or irrigation.

Lops of N with eroded sediments from cultivated land varies from insignificant at non-
eroaive sites to very great where wind or water removale are large. Much of the removal
in this case is in the form of wvery finely divided soil erganic matter particles containing
N and as adsorbed NH} on fine mineral particles.

Hegult of the combination of these losees is that economic agricultural production
requires the use of supplemental N of one sort or another in a relatively few years alter
intensive cultivation begines. The simple act of removing the indigencus vegetation and
exposing the bare soil to the elements by cropping constitutes a breach of the natural
regime with concomitant reduction in the soil's capacity for holding N in virtually all
pituations except that of the irrigated degert soil. Recognition of these naturdl loes
avenues must be given in the case of fertilizer N as well, and those management practices
which will retard losses must be promoted for economic and pellution contrel reasons.

Crop Utilization of Applied N

Long-term field experiments summarized by Allison (1966) indicated that no more than
50-60 percent of applied fertilizer N is utilized by crops as the general rule, even with
immobilization taken into account. An understanding of crop merphology in relation to
nutrient uptake is fundamental to the development of effeclive fertilization practices that
might hopefully improve on this low degree of efficiency. Examples will be developed in
this regard for two of the most important cereal crops, viz., winter wheat and maize.

As reported by Olson and Rhoades (1953), the winter wheat crop took up from 5 to 50
percent of its total N between germination and the time when growth recomnenced in the
following spring, the amount depending on extent of fall growth which is governed by fall
temperature, moisture, time of planting and seil N level. The period between resumption
of growth in the spring and heading accounted for up to 80 percent of the total N
asgimilated. This interval coincided with the time of greatest dry matter production,
although maximum dry matter weight was not usually reached until about two weeks after
maximum N accumulation had been accomplished. Between heading and harvest up to 20 percent
of the total N was absorbed, and in this 5-6 weeks' period 25-75 percent of the N previously
accumulated in leaves and stems was translocated to the grain. A decline in total dry
matter and N content was observed after flowering as has been reported for rice. Also, the
period of most rapid vegetative growth was earlier with gpupplemental ¥ applied. Spring
application of N fertilizer (ammonium nitrate) afforded greater accumulation of N in the
plants and ultimately in the grain than resulted from fall application.



The studies on wheat evidenced that a major part of the N required can be utilized
between the resuwoption of spring growih and heading. Thus, the hazards of leaching,
microbial tieup and denitrification could theoretically be minimized from that likely
with planting time application. Spring treatment would also allow an evaluation of crop
stand and seil meisture conditiona fairly late in the crop season before deciding on the
feapibility of N fertilization.

4 review by Nelson {1956) incorporating results of several investigators notes that
the curve for N accumulation with time in the whole maize plant slightly precedes the
curva for dry matter production until shortly after tasseling and silking. Hanway (1962)
found a characteristic distribution of N in different plant parte of maize irrespective
of cropping system and fertilizer treatment. WNitrogen accumulated in each plant part as
that part grew with little translocation from one part to another until after grain
formation began, when N was translocated From all other plant parts to the grain. Hanway
obgerved that translocation of N from cob, huek and etalk preceded that from the leaves,
and that by silking time the plant had taken up 65 perecent of the total crop accumulation
of N. At maturity 2/3 of the crop's total above-ground N supply was concentrated in the
grain, and about TfE of this amount appeared to have been translocated from other above-
ground parts. Especially significant is his observation that 50 percent of the leaf
growth and 31 percent of the crops' total N uptake occurred in one 2-week period just
before tamseling.

Gass (1971) applying fertilizer tagged with N 11 days before silking, at silking
and 14 days after pilking found increasing concentrations of the tagged N in the grain
with delay in time of tracer application on soil with modest residual mineral N. On plots
containing a very high level of residual mineral N, however, the most delayed N application
regulted imr decreased level of the grain. Conclusion of thie and a companion study wae
that, with favourable moisture conditions, N fertilizer supplied during the early stages
of the vegetative maize plant's maximum N uptake and leaf development period, i.e., from
5-7 weeks after emergence, was more efficiently absorbed and utilized than either earlier
or later applications.

S0il Residuals from Applied N

Depending on -imtensity of crop utilization and environmental factors subsequent to
harvest of the crop treated, there may be substantial residual mineral N remaining in the
goil for the next crop's use as has been documented in many studies (Lehane et al., 1933;
Michalyna and Hedlin, 1959; White and Pesek, 1959; Fearsan et al., 1961; Soper and Huang,
1963; Olson et al., 1964a; Peterson and Attoe, 1965; Kurtz and Smith, 13663 Herron et al.,
1968), Soil texture and amounts of rainfall or irrigation™are most significant determi-
nants of residual N as they control magnitude of leaching and denitrification losses.
Hegiduals are least significant in very sandy soils of low water holding capacity and in
regions where rainfall notably exceeds water use by crops, but do occur to asome degree
aven with humid conditions (Pearson et al., 1961)}. lMore often than not a general correla-
tion im found to exist between amount of residual mineral N in the surface 30 or 60 cm of
goil and the total amount in the 180 cm profile, a depth below which most annual crop roots
do not extensively penetrate in mearch of water and nutrients. There is aleo general

agreement on the depressing effect of accumulated Nﬂ3 M on soil pH.

Work of Herron et al. (1971) on an irrigated Brunizem soil over a three-year period
showod pubgtantially greater mineral N accumulation in the 180 em profile of goil where
fertilizer N had been applied as a summer sidedressing for maize than where applied
preplant. This was in epite of the fact that yield averagsd somewhat higher with summer
application., Neot only was a greater total gquantity of mineral N maaguPE§ but a greaterl
proportion was preserved in the upper 60 cm of the profile with appllcutlop delayed uqtll
an active root system for abmorption of the N existed. Coniributing to thls_obs?rvatxon
was a substantially greater persiastence of NHE -N in the surface 30 cm of soil with

delayed time of application.



The same authors investigated the impact of varied moisture regime on maize yields
and residual N of the silty clay loam soil in the subhumid region involved. At the highest
N application rate of 253 kg/ha annually, the greatest profile accumulation of 838 kgfha
occurred with no irrigation and least of 674 kg/ha with optimum irrigation, limited
irrigation having intermediate accumulation. These large accumulations cccurred sver the
J-year period despite yields in the order of 6300 - 8500 kg/ha per annum. A greater
residual nitrate wvalue at tha 180 cm depth with the 253 kp/ha treatments than with the
ne N ireatment indicated that at least some mineral N had also leached from the profile
by the end of the third year. Of further interest among the data of this experiment was
the fact that soil mineralization of N from native gources increased with increasing rate
of N applied, contrary to the contentions of mome environmentalists.

In cases where follow-up yields were measured, as by Soper and luang {1963} and
Herron et al. (1968), good correlation has been found between nitrate in the rooting
prafile and crop yields without applied N the following year. Thus, the gtudies of
Herron et al. (1971) evidenced yields in the fourth year, when no N was applied and the
crop was entirely dependent on residual N and nitrification, to be in the same range as
during the previcus three years with N treatments. A high degree of correlation existed
between the residual mineral N of the surface 60 cm of soil (as well as 180 cm profile)
and vields obtained [Figure 2}. Congensus [rom the several eites reported was that maximum
yieldas of maize resulted whenever soil reaidual N in the 180 cm profile or the sum of
reaidual plus applied ¥ approximated 200 kgfha. A Tarmer's diaregarding the residual N
would result in low utilization efficiency of any large increment applied and would have
potential polluticn implications.

Horron et al. (1968) demonstrated that maize utilized applied N tagged with 15“
progressively more from increasing depthe as the geason advanced. By harvest time, 15
had been utilized about equ?gly from all placement depths including the deepest of 137 cm.
Cass et al. (1971) applied '“N labeled nitrate at depths of 9, 60, 120, and 180 em in
field plots that varied in residual mineral N from 400-600 kg/ha. Use of the tagged N from
tha various depthe was very much influenced by the amount of residual mineral W in the
profile. Maize growing on plots with the highest amcunt of residual ¥ used wvery little of
the tagged N from bhelow 90 cm, whereas on tha plots of lowest residual N, utilization was
eggontially uniform throughout the 135 em depth, and seme 11 percent of the uptake even
took place from the 180 em placement. Similar results were obiained with varied depths of
tagged N placement in mtudying uptake and utilization of residual N by the sugar beet crop
(Anderscn et al., 1971}, These otudies make it clear that continued excessive increments
of applied N to the soil surface will restrict a crop's utilization of W that has accumu-
lated in the lower profile that might be utilized with a more judicicus application rate,
and therehy contribute to potential leaching losses of the N. They furiher demonstrate
the need for taking into account residual N existing throughout the entire crop rooting
depth.

Fertilizer N Management for Enhanced Crop Utilization

Frimary evaluations required for determining effective fertilizer N management are
time, rate and method of application and efficiency of chemical carrier of the H.

Rate. Optimum rate can be elaborated only in terms of specific crops at specified
yield levels as influenced by time and method of application. from the discussion in the
previous section it is also apparent that rate evaluations to De meaningful must take into
account the amount of residual N from previous applications and from natural microbial
mineralization from the soil organic matter. At the beginning point of extensive N
fertilization with soils that have been depleted by long-term creopping a few experiments
with specified crops in a given locality may give a fairly sound indication of the most
economic rate of N to employ. Other than the more humid localities of extensive annual_
percelation loss of water or where soil remains water logged for extended pericds, profile
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accumulations of residual mineral N become apparent in a relatively few years that modify
the initial rate indications, exceeding in importance the soil's natural mineralization
capacity. Diaregard of this agronemically important principle would indeed eventually
1ﬂ:d to fertilizer N contamination of ground water and of surface waters fed by the ground
WALET .

Variety of a specified crop grown and season of growth can have marked effects on
optimwn rate of N to apply. Thus, research at the International Rice Hesearch Institute
(DeDatta et al., 1958) showed positive responase to 120 kg N/ha in the sunny dry season of
one of the dwarf wvarieties developed by the Institute, whereas most tall traditional
varieties peaked out at 30-60 kg N/ha. The dwarf variety yielded less during the cloudy
wet geason than in the dry season and achieved its maximum at only 60 kg/ha, whereas the
tall varieties yielded substantially less and reached their maxima at 20-40 kg N. Implica-
tion is that as light intensity is low, N requirement by the crop is correspondingly lower.

Timing. MNumercus studies have been made throughout the world on timing of fertilizer
N application with rather conflicting results. Kurtz and Smith (1966) in a review ptate
that fertilizer N may be applied to the soil in the fall or winter before the cropping
geason, in the epring, or as a sidedressing between the rows after the crop is established.
They indicate that available forms of N in fertilizers are not permanent in the soil and
that rigk of loss is increased when applications are made far in advance of the time of
crop use. The same authors as well as Donald et al. (1963) suggest that ammonium forms of
N can be gafely used in the fall if applied after the soil has cooled down to less than
109 C when conversion to nitrate by bacterial activity is sharply retarded. Thus, potential
leaching and denitrification are minimized even in situations of substantial water perco-
lation and restricted aeration during fall, winter, and early spring monthe.

Many studies have demonetrated the importance of an established root systiem in assuring
most effective crop utilization of applied N increments (Olson et al., 1964a; IAEA, 1969;
Lathwell et al., 1970). In both nonirrigated and irrigated maize experiments in Nebraska,
N applied as a summer sidedressing at nominal rates was essentially twice as effective for
yield as that applied in the fall or spring before planting. At the highest rates of
application yields were similar with all times of application in the year of treatment, but
residual effects in the year following strongly favoured the summer treatment. Much of the
beneficial yield effect for summer application in the year of treatment resulted from a
notably larger grain/stover ratio than occurred with earlier times of N application, thus a
greater grain yield without corresponding increase in vegetative growth.

Fertilizer N utilization with a modest rate of 90 kgfha, taking yield and grain protein
into mccount, ranged from 31 percent for fall treatment, up to 51 percent summer sidedressed
in the 14 Nebraska experiments above during the single year of treatment. When uptake was
determined in experiments over a 3-year period, however, giving allowance for residuale
from one year to the next, utilization efficiencies were increased in the order of 10 per-
cent for the respective application times. On the other hand, efficienciaes did not improve
with time where heavier than required rates were employed, presumably attributable to
accentuated losses especially with the earlier application times (see Figure 31).

Benefit from spring over fall application of N for the winter wheat crop has not

usually been as striking as reported above for the delayed application for maize (Olson

and Dreier, 1970). This might be expected since an established root system exigte during
the late fall, winter and early spring months with wheat that does not exigt with maize

and the fact that hard red winter wheat, at least, is commonly grown in rather dry regiona.
Even so, spring application has invariably afforded a higher protein content of the grain
and consequently a greater N utilization efficiency. In those situations where spring
treatment resulted in significantly higher yields, explanation could often be afforded by
the extra moisture use with fall N treatment and subsequent accentuated moisture deficiency

as the crop approached maturity (overstimulation).
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Investigations with crops produced in humid tropical regions and by rice in submerged
culture have commonly shown a need for delaying N application and/or spreading applications
over two or more times when a crop root system is well established for assuring good
fertilizer N utilization (Beacher and Wells, 1960; Singh and Tekahashi, 1962; Patnaik and
Broadbent, 1967; Joint FAO/IAEA Div., 1970). No doubt both leaching and gaseous losses
have been retarded by the presence of an active root system for absorbing the N. Further-
mere, split applications for rice resulted in greatly reduced straw growth and ledging,
earlier maturity and greater yield than with eingular applications made at or shortly after
seeding or at 5 weeks after seedling emergence (Sims et al., 1965), indicating physiological
effects as well were invelved. Field experiments of the joint FAO/IAEA Divieion (1970)
throughout S5.E. Asia, however, generally found the highest percentage of N derived from
fertilizer when the ammonium pulfate carrier was applied in a single dose two weeks before
primerdial initiation. Although split applications that included one at primordial initia-
tion often gave good uptake results, rarely did the results match those of a singular late
treatment. More recent ptudies by Sims et al. (1967) showed grain yields of rice to be
inversely related to plant height and lodging and to increage with delay in time of
application of the second 45 kg M increment (the first 45 kg/ha applied at emergence as
flooding was initiated). Most effective time of the second treatment ranged from 50-70
days after emergence depending on variety employed. Patnaik and Broadbent (1967) determined
that topdressed labeled amwonium sulfate caused highest N recovery and grain yield of rice
when application was delayed until the boot stage, with 51 percent recovery of the N applied
at boot stage compared with 37 percent when placed in the soil at transplanting.

Conclugion can only be made from these cbmervations that greatest crop use and least
loae of applied N is likely to occur if application ia held up until an active crop rooi
gyatem exists. Thereby immobilization, denitrificatieon and leaching loszses have less
opportunity to take place if the W ia immediately absorbed intc the root. Certain chemical
carrier, placement, and environmental aspects may enter in, however, to compromise this
general axiom, as will be detailed in subsecquent sections. Illoreover, in a locality of
very extensive fertilizer N use it would be physically impossible to supply the volume of
materials required in the ghort time jnterval when most efficient utilization of the N would
result. A substantial portion of necessity will be applied prior to that time, thus
gelection of chemical carrier and placement method should be made so as to minimize losses
to the extent possible during the period when there is no ecrop root for absorbing nutrient.

Placement. Surface application of ammonium fertilizer carriers and of urea which
hydrolyses rapidly to ammonium carbonate is recognized as hasardous from the ammonia
volatilization etandpoint, eopecially on soile that are calearecus or otherwise of High
pi (Mitsui, 1954; Martin and Chapman, 1951; Volk, 1959; Meyer et al., 1961). Loss from
this channel can range up to 100 percent with the additiecral conditions of applied N
subtended on surface residue, insufficient moisture for penetration into the soil, and
accelerated drying by wind action. Curbing of this losa entails immediate watering into
the soil or some incorporation of the fertilizer with soil to permit adsorption of the
ammonium ien on the soil's exchange complex where it is lairly secure (Volk, 195%9; Meyer
et al., 1961).

Surface application of ammonium materials for even submerged rice may be responaible
for high denitrification losses. This is for the reason that nitrification is possible at
the surface of the submerged soil due to the oxygen carried in the water. Heducing
conditions do not begin until some Tew em below the surface, the depth depending on
textural and structural conditions. Pollowing nitrification, the resulting nitrate moving
down into the reduced zone is lost to denitrification. The earlier the ammonium carrier
is applied, the greater the probability of this loss occurring. Thus, Mitsui (1956) has
roported losses of 30-50 percent of surface applied ammonium for flooded rice in Japan
compared with deep placement. Similarly Mikkelsen and Finfrock (1957) found that N
incorporated 5-10 cm deep in dry soil before flooding resulted in 25-35 percent greater
yinld than the same amount surface broadcast. By reason of the field experiments of the
Joint FAOQ/TAEA Divisicn {1970) on rice reported earlier, conclusion was drawn that shallow



placement of ammenium auliate resulied in 30-40 percent higher utiligation of the applied
Won slightly atid soile than with surface broadcasting. Little or no difference occurred
with varied placement on calcarecus goils of pH oabova 7.

Otherwios, placenent of ¥ fertilizer is important with respect to where moist soil
exista and root activity for abscrpticn is possible. Some investigatora have obiained
poor reaults From delayed broadcasting of N between the rows of well eslablished maize,
for example, when the purface soil was dry at application and rain was not received shortly
for carrying the soluble nutrient inte the root zone [IAEA, 1969: Claon et al., 1964a).
Zometimes a modest incorporation of the W by a tillage implement penetrating to moiet moil
would alleviate the problem, although rain or irrigation would be essential before many
days had paesed Tor eptimum wees In other cases poor rosults from a delayed application
have ococurred where the N was inserted into the ridge of the maize Tow only to be carried
to the purface of the ridge by capillary movement of water as irrigation was begun.

The placing of soluble N fertilizer materials on the surface of frozen ground should
be discouraged. Het only im thers potential for serious runoff loss with rain or snow melt,
bul the WHy wolatilization potential over an extended period could e substantial. Teoten-
tial gaseois loss from application of anhydrous ammonia as ¥ fertilizer must alea ever be
racognized. The anhydrous must be injected to a sufficient depth to assure that its
diffugion volumo in the moil does not reach the land egurface, requiring care to equate
gpplication rate with shank apacing and cation exchange capacity of ihe scil treated.
Mditionally, application ahould never be made when the moil is excessively éry or wet due
to volatilization losa accompanying the poer cleoasing of the injection alot.

Nitrogen Carriers. These chemical carriers of W that play a significant role in crop
feriilisation throughout the world have been generally recognized as equivalent in
effectivencas For most crops. This presupposes that each carrier will be managed in
accordance with its own limitations, sueh as: incorporation of urea and NHY -baze materials
. rather than surface broadcasting, especially on calsarsous soils; application of NOJ

producis after watting regimes which could cause leaching or temporary water legging;
propar depth and mpacing of ammonia applicator shanks in relation to seil and meisture
conditions; timely applicaticn, proper placenent for optimum use, judicious rate of
application, otc.

There are notable exceptions to the equivalence noted abave, however. Ammoniacal N
has been generally accepied as a mere efficient source than clher N forms for floaded rice.
Witrate carriers are uwsually found to be quite inefficient under the submerged conditions,
although thair performance is improved with delayed applicatisn and may prove acceptable
when applied immediately bafore the boot stage of development {Taint FﬂOfIﬂEﬁ Diva, ta7o).

Ammenium sulfate hap long been used as the atandard fertilizer N ecarrier in much of
the humid tropical regions of the world becauss of ite low deliguescence and congequent
excellent siorage properties. Host other carriers have heen gquite unacceptable in thia
respect until recent times falleowing development of advanced technelogy in the coating of
particles and bagging procedures. The sulfur contained in ammonium aulfate iz alaoc very
aften beneficial to yield in heavily leached soils. Eapecially in the upland savanna are
goils likely to be inherently delieient in sulfur (MeClung et al., 195%). It is well
recognized now, howsver, that the extended use of ammonium sulfate on tropical seils of
low cation exchanre capacity will result in substantial losa of 01l caleium and reduction
in soil pH (Fussell, 1968%, Contention is made that the &cidity induced by ammonium sulfate
in a few years im more danaging to crops than that caused by natural procesars over
millennia of tima, and presumably related to subsoil acidification and release of active
aluminum. General consensus now is that use of ammonium sulfate should be curtailed on
inherently acid eoils of low exchange capacity in the iropics unless it is poseible to
sompeneate with approximately 100 kg of effective lime for each 100 kg of the W earrier
applied, Virtually all other ¥ carriers (except sodium nitrate and calcium ammonium
nitrate) also have residual acidifying effecls on the soil, but only to the extent of 1f3
to 1f? that of amnoniem eulfatco.



Interactions of ¥ and Water Managemeont

Fertilizer N and water interact in various waye in affecting the efficiency of crop
utilization of the applied N. Crop yielde are benefited in well-drained soils by timely
irrigation even in those situwations where substantial available water remains in deeper
portiona of the soil rooting profile prior to irrigation (Herron et al., 1971). This has
been interpreted to mean that replenishing the moisture supply of the surface layer of
g0il has reculted in greater root activity for nutrient uptake as supplemental watering
kept that nutrient-rich zone more continuously moist. FRelevant is the reported 31 percent
uptake of the maize crop's total N requirement in one 2-week period just prior to tasseling
(Hanway, 1962). The recent innovation of center pivot sprinkler systems lend themselves
especially well to keeping the surface soil reasonably meoist during the growing season
while simultansously spoon feeding the crop with N by fertilization.

As crops are brought from a deficiency condition to optimum N nutritien by fertiliza-
tion, water use efficiency (WUE) is enhanced significantly if yield is increased (Viets,
19625. A group of 33 field experiments in Nebraska, for exmnple, measuring consumptive
ugeé of water found 130 kg maize produced per ha-cm water congpumed by maize without N treat-—
ment (Oleon et al., 1904b). With adequate N, the crop produced 189 kg grain/ha-cm water
congumed or an increase of 43 parcent in WUE as grain yield increased from 4950 to T425
kg/ha. Corresponding increases in WUE for wheat, cate and grain sorghum were 12, 13, and
28 percent, respectively. In no case did percentage increase in WUE match percentage
yield increase, a result of the fact that the small amount of approximately 2 ¢m additional
water wao used in producing the larger erop., It is, therefore, appropriate to say that
judicious use of fertilizer may very well enhance the efficiency with which a crop uses
water, but not that fertilizer will substitute for water.

Cases have been recorded under molsture deficiency conditions where supplemental N
not nesded for yield by causing superflucus vegetative growth actually reduced erop WUE.
The datn of Table 1 have been borrowed Trom a 3-year wheal experiment on Cherneozem goil
at the boundary between the memiarid and subhumid ¢limatie regions where mean annual
growing season rainfall averages 30 cm {Hamig and Rhoades, 1963). Note that WUE declined
when more than 22 kg tha was appliod to plots with.no moisture reserve at planting in the
180-cm profile. There was a reduction in WUE from more ihan 45 kg tha when only T cm
available water storage existed at planting. With 15 or more cm available water at planting,
WUE increased through all rates of N applied including the heaviest 90 kg/ha. The lower
WUE values for the 21 cm moisture storage at all N levels than occurred with 15 cm storage
was prompted by the fact that this amount plus geagonal rainfall represented more moisture
than was desirable For optimum wheat yields in the years involved. In effect, for that
dryfarming area and period, the data say that winter wheat produced maximum yields with
the use of 22.5 kg N/ha for each 7 em of preplanting available soil moisture in the 150 cm
profiile.

Fertilizer N applications should be adjusted to the water regime existing or expected
in soil to the extent that is possible. If N must be applied prior to a monsoon or heavy
irrigation, an ammonium rather than nitrate carrier should be gelected. Morg feasible
would be application of the major quantity of N for the crop at some later time when leach-
ing would be less likely to move the oxidized end product beyond the reach of crop roots
or when conditions for denitrification were leas likely to occur. In the intnrgutn of crop
use economy, by the same token, it is necessary that application be made a@ a time and in
a way to assure that the applied N moves into the rooting zone by the period of most
active crop uptake for maximum yield.



Table 1. Water use efficiency of winter wheat as influenced by preplanting soil
moisture and rate of applied N (North Platte, Nebraaska).

Applied Available soil water at planting, cm l;
N 0 1 15 21
kg Niha kg gprain/ha-om Hy O
0 16.3 257 1.0 29.4
22 21.7 35.3 dd.z 40.5
45 12,0 43.5 47.%3 46.9
90 16,3 40.5 53.4 50.9

1f Available soil water eetablished in the 180-cm soil profile before planting by
irrigation.

On tha other sida of the soil drainage ledger, submergence has long been recognized
a8 a necessary practice for optimum rice culiure. This fact haas been proved to be
nutritionally related with a number of elements, but not beneficially so insofar as N is
concerned. Hather, N manapement practices must be adjusted to compensate for the flooded
condition compared with usual crop culture on well-drained scils. Duration and depth of
the water cover then become important.management considerations. Centinucus coverage from
firgt flooding until physiological maturity, with no intermediate drying for nitrate
Forstation and submequent denitrification alter waterlogging, has proved essential for top
yields in many studies of the gquestion (Patrick et al., 1967). As for depth, a shallow
water covering of 4 cm during the growing scason caused higher yielde than intermediate
depth (8 em) or fluctuating (4 then 18 cm depth) in a California experiment. A greater
nunber of panicles per square meter and morce toial N in the shoots at 30 days and in the
grain at maturity were characteristics associated with the higher yield from shallew
water coverage (Uslke and Mueller, 1389).

Crop Managoment for Maximum N Use Efficiensy

It perhaps goes without saying that those crop management practices which effect
maximan yisld are also likely to promote maximum efficiency in use of Fertilizer W at the
game time that losees are minimized. Among important crep management practices influancing
yield of maize, for example, are row spacing and plant population when water and nutrient
gupplies are adequate for high levels of production. HNote in Figure 4 that narrewing rows
from 40 to 20 inchea (102 and 31 em) with ¥ limiting had no impact on yield when population
was 16000 plants per acre {32,500/ha) and had only slight effect with 24000 plants
(59,000/ha) (Parber and Oleon, 1968}, 'When N treatment was adequate for maximum yield in
this 3—year irrigated experiment, however, yield increased modestly from narrowing rowa to
51 e¢m at the lower plant population and very appreciably with the higher population.
Purthermore, the residual mineral W in the 130 cm profile of 51 cm row width plots at the
end of the study where 253 kg N/ha had been applied annually was only 62 percent of that
in the 102 em row plots, corresponding with the heavier N use from larger yields with the
narrow rows. Thug, less remained in the scil subject to potential leaching loes.

The proper selection of crop variety or hybrid can also make the difference between
efficient and poor utilization of the fertilizer M applied. The data of Table 2 give
indication of the differential responses that may be obtained with varied pepulation along
with § treatment of different maize hybrids (Harber and Olson, 1968}, In addition to the
fact that the first lLiybrid listed was not benefited by the higher plant population while
the other two wore, note that the B4 x U6 was particularly superior when the high plant
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population wae combined with adoquate N. With less than optimum ¥, conclusion would have
basn that no real difference in yield potentinl existed among these three hybrids, further
that high plant population was deleterious for twe of them.

Table 2. Effect of plant population on response of three corn hybrids to fertilizer W
under irrigation in eastern Nebraska, I-year average {from Colville and Olsen).

Hybrid Flanta/ha Rate of N, kg/ha
0 G _1){
N28 x H51 33,500 8316 97102
59,020 7738 9765
H6 x NzB 39,500 2314 9324
59,000 8505 10080
B14 x HE 19,500 Ba42 9450
59,000 7938 10355

1/ N rates above 84 kg/ha geve no further yield increase on this highly productive
Sharpeburg soil.

Another procedure in the crop management area for minimizing N losses from the
cultivated eoil ip to include a sod crop andfﬂr a deep taprooted legume periodically for
goaking up the residual N that has aceumulated from fertilization of annual crop. OCrasaes
ara eapecially offective at seecking out any available W in the upper seil =molum (1 meter +)
while a deep taprooted legume as lucerne will abmorb substantial guantities of mineral ¥
that may have penetrated beyond the rooting depth of annual erops (Stewart et al., 1967).
Such crope grown periodically not only assist in maintaining desirable sail physical
properties but now have a place in alleviating potential pollution from exceassive N that
may have inadvertently accumulated in the soil profile. Somewhat analogous is the small
grain or other cover crop that makes some growth during a wet period between cropping
seasons and in the process soaks up mineral ¥ that might otherwise have leached from drop
rooting depth.

Use of Slow Release N and Mitrification Inhibitors

Conpiderable interest has develaped recently on the subjest of controlled release N
fertilizere and inhibitors of nitrification. Objectives of product development in this
area are to obtain materials that supply N to the crop continuously over an extended time
interval, to reduce leaching and runofl losses, to retard gaseous logsea, ta limit
biological immobilization reactions in the soil, and to minimize luxury consusption of N.
Involved are coatinge for soluble materiala, materials of limited solubility, producte
which are soluble but decompose slowly and therewith release the N contained, and products
which inhibit nitrification of the ammonium in fertilizer applied concurrently (Hauck and
Kosnino, 1971).

Many diftferant products are currently under investigation for securing data that will
cartify to the economiec Feasibility when applied to the agricultural cnterprige. Some
materials amons the urca—aldehyde combinations including ureaform {Uramite and Witrofoxm
in the U.3.: Carbaniform, Russia; Azorgan, Tpance) are indeed being produced commercially



and sold for such spscialty purposes as lawns, gardens and golf courses. Crotonylidene
diurea (CDU) and isobutylidene diurea (IBIU) are additional products that have been
patented and are produced commercially, easpecially in Germany dnd Japan. Some commercial
production has begun as well with several nitrification inhibitors, especially in Japan
where nine inhibitora had been certified by Japanese fertilizer law as of September, 1569.
Commercial producte include a pyridine (N-Serve of Dow Chemical Co.), a pyrimidine (AM of
Miteui Toateu) and dicyandiamide (AUF of Sumitomo Chemical Ind.). Among coatings for
restricting release of N from soluble materials, resinsg and sulfur have been most
exteneively investigated. The only commercially produced material known to the moment

is coated with a resin (Osmocote of Archer Daniels Midland Co.), but sulfur coated products
have probably attracted the greatest academic interest from the standpoints of cost,
technology of preparation, and presence of a gecond important plant nutrient in the
coating. (Rindt et al., 1964},

There is experimental evidence to ghow that N conservancy can be effected by some of
the materials under congideration when properly used in conjunction with intensive
agricultural production, It seems quite probable that some of the delimitations specified
concerning timing, placement, and water x N interaction may be modified if and when these
materiale are readily accessible and economic. Succesa or failure of the products in
commercs wWill ultimately hinge on the sconomice gquestions.

Summagx

Fertilizer N today is responsible for upwarda of 3i0 percent of all agricultural
production in the advanced countries of the world. GSignificance of its present and future
rola in feeding the peoples of the world cannot be disputed. We can look forward to a
doubling in fertiliser N production and use in the next very few years as it becomes an
accepted input in the agricultural industry of the developing countries.

FPertilizer nitrogen may be lost from soile in several ways, consequence of which is
that rarely more than 50 percent of that applied as fertilizer can be accounted for in
the crops treated. Losa of any kind is serious from the economic etandpoint, but that to
leaching ie of utmost concern relative to environmental pollution.

Mineral N does accumulate in soil profiles from continued heavy fertilizer treatments
except where the aoil is waterlogged for extended periods andfor whore seasonal rainfall
or irrigation notably exceeds crop water uee. In consequence it is essential to determine
the amount of residual mineral ¥ in the soil rooting profile for equating with rate of
fertilizer N to be applied for the current crop. Theraby most economic returns are assured
at the same time that pollution potential is minimized. 3Species and variety of crop,
climatic environment determining yield potentials, as well as time and method of application
influence what is to be an optimum rate of applied N in any given situation.

Rigk of loss of fertilizer N is increased when applications are made far in advance
of the time of crop use. The importance of an established root system for assuring most
effective utilization of an applied increment of N has been demonetrated for crope grown
in well drained as well as soubmerged culture. Of course it would be imposeible to supply
the large volumes of fertilizer N during the short time interval when maximum uptake and
utilization would bccur, necessitating that carrier selection and method of application
with earlier treatment be made with objective of minimun loss potential during the period
when no active root system exists.

Optimum placement of N is dictated in large part by the chemical carrier of the
nutrient and by environmental conditions. Surface applications of ammonium and urea b%ae
materiale should be avoided, especially on caleareous soil. Incorporation with the aoil
ig good insurance for both well drained and flooded cultures.



As long as each is uged in accord with ites own limitations different carriers of
fertilizer N have proved equivalent in most cropping situations. Notable exceptions are
the better performance of ammonium over nitrate carriers with submerged rice production
and tho detrimental acidifying effects from extended use of ammonium sulfate on tropical
goilas of low exchange capacity.

Effective use of fertilizer N must take into account interactions between the N and
water management practices employed, likewise crop management. Where crop, water and
nitrogen management are carefully integrated utilization efficiency of the N is maximized.
There is further promise that slow release N products and nitrification inhibitors when
fully developed will assist in curbing the losses of concern and make fertilizer N even
more effective as the backbone to future crop preoduction.
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CHEMICAL AND BIOCHEMICAL CONSIDERATIONS FOR
MAXIMIZING THE EFFICIENCY OF FERTILIZER NITROGEN

J.F. Parr

U.5. Department of Agriculture, Baton Rouge, Louisiana

Fertilizer nitrogen (M) use efficiency may be defined as the percentage recovery of
fertilizer N by a crop. It is measured as the difference in N uptake by the aboveground
portions of fertilized and unfertilized plants, and expressed as a percent of the N applied.
Efficicncy will vary widely depending on the chemical nature of the N source itaelf, the
rate, method, and time of application, type of crop grown and its N requirement, ecxtent
of microbiclogical and chemical immebilization of the applied N, and a hest of soil, clima-
tic, and management factors. Under favorable conditions, BD percent or more of the ferti-
lizer N may be recovered by the crop to which it was applied. However, under many soil
and cropping conditions, cfficiencies of 50 percent or less are not uncommon {Allison,
1955). While there is gencral agreement that the low efficiency of fertilizer N is due large-
¥ to a net loss of N from the soil-root zone by leaching and denitrification, a seil N .
balance sheet approach to the problem has merely shown thal much of the N is unaccounted
for, providing little reliable information concerning the exact fate of the applied N (Allison,
1955).

There are several ways in which fertilizer N use efficiency could be increased, first,
by minimizing losses of N from the soil-root zone, and second, by manipulating enviren-
mental and management factors to allow the plant to [ulfill its genetic capability for maxi-

" mum yield and high product quality, which in itself would enhance the recovery of applied
M.

In view of (a) the increased use of fertilizer, particularly N, to sustain maximum yields
for cconomic production, and (b} Agriculture's potential contribution te the cutrophication
of surface water resources, as well as nitrate enrichment of groundwater from deep per—
eplation, and the possible health hazards which could result therefrom, the principal ob-
jective of this paper is to consider certain chemical and hiochemical approaches for maxi-
mizing the efficicncy of fertilizer N. Initially, a discussion of the fate of fertilizer N in
soil, consumption palterns and trends, recent evidence of enrichment of natural waters hy
fertilizer N, and the relationship between N use efficiency and maximum yiclds is pertinent
to this objective,

Fate of Fertilizer Mitrogen in Soil

Most N fertilizers are subject to certain chemical, physical, and biochemical events
which can result in significant losses of N from the soil-rool zone after application. A
schemalic representation of the fate of both soluble and slow-release fertilizcr N in anil
ig shown in figure 1. Losses occur principally through fa) leaching of nitrite (NO<) and
nitrate {(NQ=}, (1) bislogical denitrification of both M- and NO=, and {¢) volatilization of
ammonia (NH,} from improper application of anhydrous or aqua NH,, and surface appli-
cation of urea and other ammoniacal N sources to alkaline soils. In‘reviewing (d) chemical
denitrification mechanisms that could contribute to the loss of fertilizer ™, Allison (1963)
suggested that a major pathway may involve the formation and subsequent decomposition of



ammonium nitrite tao M. Moreover, in acid seil environments | < pH 5. 5) M- can under-
go chemical decomposilion lo nitric oxide (MO}, The extent to which chemical c?enitrifica.--
tion contributes to loss of fertilizer N from soil, however, 18 not known.

Fertiliger M can also be losl fraom the soluble N pool [figure 1) through (e} surface
runoff and erosion, (I} inter-lattice fixation of ammonium (NH +) by clay minerals, (g
microbioclogical immeabilization, and (h} chemical immaobilization invalving reactions of
fertilizer N with so0il organic componenls.

Slow-release or conlrolled-release W fertilizer sources, reviewed recently by Prasad
et al. (1971}, would either enter the soluble M pool directly, depending on specific disso-
lution properties and "release' characteristics, or peossible undergo immediate immobili-
zation (microbiological or chernicall into the soil erganic N pool. The probability for rapid
immobilization of slow-release N in cases where the microbiological demand for N great-
ly exceeds the rate of release was discussed carlier by Hauck(1968). Apparently, the
mineralization potential of immobilized slow-release N is not known. Moreover, according
to Mortland (1958}, relatively little is known of the exact chemical nature of the ammeonia-
organic complex resulting from Lhe reaction of NIT, with soil organic matter, or of its
susceptibility to microbial altack and subsequent availability to plants. Immobilization of
pither slow-release N or more soluble N sources inlo organic compounds thalt are more
or less resistant to mineralization than natural residues, could indeed affect the efficien-

cy of fertilizer M,

Since fertilizer M can be immebilized into organic forms unavailable to plants, or lost
entirely from the soil-root zone by the mechanisms describoed, it is not surprising that
fertilizer N use efficiency is only ahout 50 percent under many soil and cropping. conditions
(Allison, 1955, 1963, 1964, 1960). Ammoniacal fertilizers in most soils are subject to
loss only afler nitrification of NH + 1o the NO- and NO- forms hy aulolrophic bacteria. The
MNH + form, a calion, is elecirostalically adsorbed by the exchange complex and thas re-
]Fl[i.vut}f irmmobile compared with the NO< anion which is subjecl to leaching and hio—deni-
trification. [t appears that mosl crop plants can absorb and assimilate either the NH4+ or
MO= form of N, often wilh equal effectiveness, provided certain conditions are met
(Kirkhy and Hughes, 1970); however, further discussion of this topic relative to fertilizer

M elficiency will appear later.

Fertilizer Mitrogen Consumption: Pallerns and Trends

The dramalic increase in U. 5. consumplion of fertilizer N in recent years is shown in
figure 2. Where little more than 0.5 million metric tons were applied in 1945, 6.6 million
tons were applied in 1970, a 12-fold increasc. According Lo Lhach (1966), the estimated
consumption of fertilizer N should reach about 11 million tons by 1980, Total U. 3. ferti-
lizer consumption (N plus all other nutrients) was 14.3 million metric tons in 1970 with
estimales projecting 23 million tons by 1980 (MNelson, 1971). However, these statistics
indicate that U.5. consurmnption of fertilizer N and other nutrients during the remainder

af this deecade will increasc less rapidly than in the past.,

It is noteworthy that the U. 5 consumption of fertilizer N in 1969 approached 25 per-
cont of the total world consumplion. Undoubtedly, this statistic will change markedly
sent decade as lesser—developed pations increase their agriculhlra1 produoc—

during the pre
well as other fertilizer nutrients.

lion through modern technology and increased use of M oas



SCHEMATIC REPRESENTATION OF THE FATE OF
SOLUBLE AND SLOW-RELEASE FERTILIZER NITROGEN
IN THE SOIL
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These N consumption patterns for U, 5, agriculture are directly related to increased
N fertilizer rates for basic crops such as corn, which have increased in several Corn
Belt States from 10 kg N,.-"'ha in 1950 to about 120 kg;"ha in 1967 (figure 3}). When one con-
giders that during this time the U. 5. population increased by 50 'million people, while the
area of cropland decreased by about 10 million hectares, the intensity of N fertilizer use
relative to increased crop production is particularly apparent,

Table 1 is of interest since it shown the estimated changes in inputs and outpuls (i.e.
removals) of fertilizer and soil N since 1930, with data projected to 1980, Certainly, all
of these estimates, except the inpuls from fertilizer N, must be regarded as somewhat
speculative. On a national average, through 1969, more N was removed in harvested crops
than was applicd by N fertilizers, which has prompted some agricultural spokesmen to
conclude that agriculture cannot be contributing te nutrient pollution of natural waters.
However, the fallacy of this assumption is apparent when considering the regional differ-
ences in cropping systems and fertilizer N use patterns. Indeed, the more progressive
farmers tend to add more nutrients than their crops recover, while the opposite is true
for those who are still "mining" the native soil fertility {Frink, 1971). According to White
(1965), the total nutrients applied as fertilizers to corn, cotton, and sugarcane in the U.S.
now exceeds the total nutrients removed in harvested material.

The question marks on estimates of leaching of fertilizer N and denitrification indicate
how litile is known concerning the magnitude of these losses. Even so, up until 1947, the
total N removed far exceeded the total input. However, by 1969, this paittern had been re-
versed, while projected estimates for 1980 suggest that total N input will probable exceed
N removal by an even greater margin than in 1969. These projections allow for some
speculation as to what extent fertilizer N might be contributing to enrichment of natural
waters by 1980,

According te Nelson (1971},

"Future increases in fertilizer consumption in the USA must come largely from
increased application on presently low fertilizer-using crops and low fertilizer-
uging areas because many of the present high fertilizer—using erops, including
corn, already are approaching the maximum profitable rates of application,

This assessment is in agreement with recent trends concerning fertilizer N rates for

corn as shown in figure 3, where it appears that some stales have already reached such

a plateau. A pertinent question then is whether increased application of fertilizer N to low
M-requiring crops, such as soy-beans, and the expanded use of fertilizer N in areas where,
presently, crop production is limited by certain soil and climatic factors, will pose an

even greater potential for loss of applicd N. A real challenge for agricultural scientists

in the future will be to seek ways and means of maximizing the efficient use of fertilizer

N on low N-using crops and in presently low N-using arcas.

Nitrogen Fertilizer Use and Environmental Caality

That some loss of fertilizer N does indeed occur from the soil-root zone is an undeni-
albe fact of a progressive agriculture. However, the magnitude and possible conscquences
of these losses are currently the basis of considerable controversy. More and more, eco-
logists are associating the increased use of fertilizers, particularly N and P sources, with
environmental pollution. They contend that such intensive and possible overuse of fertilizer
N is contributing significantly, through runoff and leaching, to accumulation of NOE in
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Table 1. Balance sheet of nitrogen in the United States: estimated

changes from 1930 to 1980 on harvested cropland

Mitrogen--millions of tons

1930° 19472 19697 19804

[tem

Inputs of nitrogen from:

1. EBFETIZEE W cuviewamemnminmomeaare e o 0.3 0.7 6.8 12.2
2, N fixed by legumes ......vviierivnanranans 1,7 1.7 2.0 2.5
3.. N Fixed (nonsymbRotic) .issessveusasiniins 1.0 1.0 1.0 1.0
4. Barnyard mManure ......iesiisansavnsiisrnns 1.9 1.3 1.0 0.9
5. Roots of unharvested portions of crops ... 1.1 Txb 2.5 3.0
B Radnfall saiciiismisiaraviv AT 0.8 1.0 1.5 1.8
Total weenas T T I S e 6.8 7.2 14,8  21.4
Removals of nitrogen by:
7. Harvested crops .......... R R e 4.6 6.5 9.5 13.0°
B EROSTAN it e R S S e e 5.0 4.0 3.0 250
9. Leaching of soi1T N (.iivvisnnsnsirnssnnans 4.0 3.0 2.0 1.5
10. Leaching of fertilizer N .......cvvvuvesns 0 0 T 1.2
11. Denitrification ...coecunvsvninnas . F T 7 2,2
TOLAT vvevurawranmmrssrranansniingsssss 13.6 13,6 14,5 19,9

I ipman and Conybeare (1936)

?Mehring and Parks (1950)

35tanford et al. (1970)

YEstimates by the author after procedures cited by Stanford et al. (1270).

Leaching of fertilizer N and denitrification removals are based on 10
and 18% of fertilizer N applied, respectively.



surface and groundwater (Commoner, 1968). This, in turn, is related to increased eutro—
phication of streams, lakes, and reservoirs, and to potential health hazards™ to humans
{particularly infants, from methemoglobinemia) and livestock (particularly ruminants)
which might consume surface and groundwaters of excessive NOs content, They also
charge that the high NO- content of certain vegetables (e.g., beets, cabage, and spinach}
is related to excessive use of Tertilizer N, and also constitutes a health hazard, especial-
ly in baby foods.

Agriculturists, on the other hand, have responded to these accusations in a particular-—
ly defensive way, insisting that fertilizers are not currently a serious source of enrich—.
ment of surface and groundwaters, and that increased NOz levels monitored in streams
and groundwaler in clese proximity to agricultural areas are not sufficient prooef that
fertilizers are involved, They point out that sources of NO- other than fertilizers could
be contributing in a much more significant way to this phenomenon, including treated and
untreated sewage effluent, animal wastes, food processing wastes, industrial effluent,
biological N fixation in aquatic environments, mineralization of soil organic N, and
movement of water through geologic formations of high NO; content. Support for this
thesis can be found in several recent reviews, wherein the authors conclude that nutrient
enrichment of water resources from fertilizers is probably minimal under most conditions
(Aldrich, 1970; Viets, 1970; Viets and Hagernan, 1971},

A number of agricultural spokesmen, however, will readily admit that, at the present
time, Lthere is not sufficient reliable experimental data to adequately evaluate the real
and/or potential contribution of fertilizers to the pollution of natural waters. For example,
Melson (1970) states:

Field rescarch is nceded as soon as possible to determine whether fertilizers
contribute to contamination of natural waters; if so, how much, where and under
what conditions; and whether, in relation to other sources of N and P, the ferti-
lizer contribution is enough to justify strong control measures, Such informa-

tion does nat oxist.

He also urges that, 'field rescarch should be initiated on amount, time, method of appli-
cation, and kinds of fertilizer needed to improve crop recovery and reduce nutrient losses'.
Accordingly, Nelson (1971) suggested several approaches to determining the contribution

of fertilizer nutrients to surface and groundwaters. One involves the use of small confined
watersheds or tile-drain plots where the fate of different fertilizers could be accurately
evaluated by continuous or frequent monitoring of the nutrient content of the runoff, leach-
ate, and groundwater. Another approach could invalve the application of fertilizers to
conventional erosion plots, and subsequent monitoring of the nutrient content of runoff,
sediment, soil (by depth incr ements), and groundwater.

Viets (1970) also points out the need for such information. In discussing the countless
field expgMriments of the last 30 years to assess crop response to fertilizers, he states:

"Alrmost universally the experiments have failed to determine how much of the
fertilizer runs off, is carried off on eroding particles of soil, or percolates

helow the root zone'.

The U.S. Public Health Service Drinking Water Standards recommend that the nitrate
content of water for this purpose not exceed 45 mg/1 {ppm) as NDi fequivalent to 10
mg/1 as NOz -N). The subject of "Health effects of nitrates in water" is discussed in
detail elsewhere {Case et al,, 1970},



Furthermore, he emphasizes:

"We do not have a balance sheel of inputs and outputs of nutrients applied to a
cropping system over a long period of time in any section of the country!'.

Comment by Viets and Hageman [1971) regarding N'Di enrichment of groundwater in the
Midwestern U. 5. are also appropriate: ;

"The rate of waler recharge is 9o slow that the possible nitrate pollution of
aquifers from our modern technology will take decades. However, once nitrate
gets into the aquifer, decades will be required to replace the water with low
nitrate water. Fifty to 100 years might be required to establish a time trend,
considering the heterogeneity of the aquifers. By the time the trend was _
established, a dangerous situation could be in the making that could not be cor-
rected in a time shorter than it took Lo create''.

One wonders as to just how far we might be into this time trend already {or certain aqui-

fers.

Since so little information is available on this subject, on might scriously question the
validity of certain assumptions and conclusions expressed by some agriculturists in attempt-
ing to refute the charges of some ecologists on the plant nutrient—water quality issue.

Evidence of the Enrichment of Natural Waters by Fertilizer Nitrogen

Based an a number of recent reports, a few of which are cited here, it would appear,
at least to this writer, that in some situations fertilizer N may indeed be.contributing
significantly to NDE enrichment of surface and groundwaters,

Bingham et al. (1971) evaluated the NOz leaching losses from an irrigated 384 hectare
citrus watershed in California which received 144 kg N/ha/year. The mean concentration
of NO= in the effluent drainage water over a three vear period was 50 to a0 mg,.-"'l and re-
presented a loss of 45 percent of the applied M.

Stewart et al. {1967, 1968) analyzed soil core samples from the South Platte Valley of
Colorade, an arca subject to intensive farming, and found that the mean NO; -N concen-
tration to a depth of 6.7 meters as related to land use was: alfalfa 70, native grassland
81, cultivated dryland 233, irrigated fields (excluding alfalfa) 452, and feedlots 1282 kg/ha.
They estimated that 28 to 33 kg N/ha/year were lost to the water table from irrigated
fields.

In a summary of groundwaler invesligations in California, Ward (1970} reported on
five problem areas where from 1953 to 1968 the NO; content of waler pumped for domestic
use exceeded the USPHS standard of 45 mg/1, The major contributor of NO; to groundwater
in one area was domestic sewage discharge. However, the principal sources of NO= en—
richment in at least two areas were directly related to irrigation agriculture and the in-
creased use of fertilizer N. In one of these two areas, domestic sewage was excluded as
a source of NO= since the volume of sewage discharged by percolation was negligible

compared with the amount of fertilizer N applied.

Harmeson and Larson (1970} and Harmeson et al. (1971) reported analytical data on
ithe NO- content of surface waters in Illinois, which show that prior to 1956 |he USPHS

standard of 45 mg/l was not exceeded in any of the streams sampled. However, since then



this standard has been equalled or exceeded in at least 9 major streams. High NOz con-
centrations were consistently found in areas of intensive agricultural production where
soils are well-drained, fertile, rich in organic N, and wherec high levels of fertilizer N
are applied.

These authors also reported that increased NOz concentrations were correlated with
increased stream flow, both reaching maximums during late winter and early spring, with
minimumes attained in late summer and early fall {figure 4), This seasonal variation would
tend to implicate an agricueltural source(s) of NO:J: as the principal contributor, in view of
the constancy of seasonal M oulputs from sewage treatment plants. Moreover, if such
plants were a significant source of NOy5, the pattern would be quite different, since the
NO- content of sewage discharge would be diluted during periods of high flow. Thus, a
reasonable assumption is that peak flows in late winter would coincide with NOz (possibly
accumulated in soil from the previous season) leaching and draining from agricultural
areas during periods of excessive precipitation. With the advent of mineralization and
nitrification of soil organic N, and nitrification of fertilizer N in the spring, the phenome-
non is reinforced.

In a detailed study of the Kaskaskia watershed above Shelbyville, Illinois, these authors
estimated the potential sources and their total N contribution to the Kaskaskia River as:

a. Soils 1.5 %
b. Commercial Fertilizers 26.8 %
c. Animal Wastes T,ﬁ_%
d. Atmospheric Sources 3.8 %
e. Domestic Wastes 0.2 %

It is of interest that the Illinois Pollution Control Beard (IPCB)} is now in the process of
holding hearings on a proposal which, if adopted, would regulate the application of ferti-
lizers (especially N and P sources) and animal manure on lllinois farms.

Therefore, it would seem that it is lime for agriculturists {o assume a less defensive,
and indeed, more positive point of view in their approach to the plant nutrient-water qua-
lity issue. We may have no alternative but to accept the fact that in some cases Agriculture
is contributing to environmental pollution. Where these situations exist we must seck to
impose corrective and preventive measures. However, responding to emotional accusa—
tions by issuing equally emotional and blatant denials of any and all evidence which might
implicate the contribution of fertilizers to impaired water quality- and to do so with little
evidence to the contrary — will gain neither the support nor respect of the general public
which is so essential to Agriculture.

Hopefully, the emotion that has clouded both sides of this controversy will scon give
way to reason and objectivity. Our goal as agricultural scientists is to produce the necess-
ary food and fiber with the least possible damage to our environment, and at the same
time provide as many options to our farmers as possible. There are a number of options
and alternatives for minimizing the loss of fertilizer N from the soil-root zone and in-
creasing its utilization efficiency, which will subsequently be discus sed.

Efficiency of fertilizer nitrogen and maximum yields -

It is apparent from the foregoing that for the past three decades U.5. farmers have
been using N fertilizers in ever increasing quantities. This has been brought about princi-
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pally by State and Federal research and extension agencies, as well as the fertilizer indus
try, who have emphasized that the highest permissible or recommended rate of fertilizer
usapge ways necessary to achieve maximum yields. Thus, a discussion of the efficient use
of fertilizer N relative to maximum crop yields is pertinent to the subject of this paper.
An example cited by Lathwell et al. (1970) is particularly appropriate. Based on figure 3,
they point out that N consumption increased by about 10 kg/N/ha/year from 1960 to 1967,
while at the same time corn yields increased at a rate of 180 kg/ha/year. Assuming that
only the grain was removed from the field, some two-thirds of the N applied cannot be
accounted for in the crop.

Additional data by Lathwell et al. (1970) is used here to illusirate yvield response of
corn to applied N for high, intermediate, and low-yielding experiments in New York
State (figure 5). These data, typical of such experiments, show that response to applied
M increases with increasing yield; that is, response to M was greater at Group 1 sites
compared with Gr::rup 111 sites. Morecver, these results show the characteriatic diminish-
ing response with cach additional increment of applied ™. Corresponding data by these
authors (figure &) illustrate the fact that the N content of the above—-ground portion of the
plants parallels the yield curves, The values shown in figure & indicate the efficiency of
recovery of applied M by the crop- Two points here are-¢f considerable significance,
First, as the rate of applied N increased, the percentage recovery (i.e. efficiency}
decreased progressively for each yvield level, Second, for each increment of N applied,
the percentage recovery increased as the yield level increased. These dat are guite
typical of most experiments conducted to evaluate crop response (yield or uptake) as a
function of N rate, and illusirate the diminishing response ot successive fertilizer N
increments, and the rapid decrease in efficiency of utilization with increased application
rates. These data also suggest that if one could increase the yield potential of a crop,
fertilizer N use efficiency would also increase from utilization of "excess" N, thereby,
decreasing the potential losses described earlice.

However, until such time that soil and crop scientists can find the ways and means of
moving Agriculture off the yield plateau that presently exists for mosl crops, we are
confronted with & situation similar to that discussed in the foregoing paragraph and illus-
trated in figure 7, where farmers must apply progressively less efficient increments of
fertilizer N to attain maximum yields. In this hypothetical example, corresponding values
for corn grain vields, proflit gains, and probable recoveries of N in the grain from succes-
sive incremaenis of feriilizer N (56 kg N,.-"rha.]l are shown in table 2. As before, the [irst
increment of N was the most efficient, with a recovery of 80 percent, an increase in grain
yield of 50 bu/A (3000 kg/ha), and a gross profit of 350 (based on a corn price of $1.00/bu).
Considering the cost of fertilizer N applied at $0. 08/1b/A (30, 07/kg/ha) this farmer's
profit gain was $50 minus 34, or $44. Similarly, the second and third increments of ferti-
lizer M were alaso profitable, yielding gains of 321 and $4, respectively, although values
for efficiency of N utilization were only 40 and 15 percent, respectively.

The result of the fourth increment of fertilizer M is of particular interest since it pro-
duced only 4 bu/A (240 kg/ha) of corn grain, and based on'the selling price of corn and the
cast of N applied, the profit gain was zero. The point here is that it didn'l pay this farmer
to apply the last increment of fertilizer even though he did reach the point of maximum
yield by doing so. There arc those who would argue that this last increment of N is abso-
lutciy necessary Lo ensure cconomic production and low foed cosls. Howewver, in this
exar‘r;plc, as in ?most caseswhere the point of greatest economic return to applied N is
usually somewhere below the point of maximum yield, il is deubtful whether the last
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increment of M could be justified. Since yield response curves are relatively flat between
these lwo points, which are somewhat difficult to predicl accurately over 3 wide range of
field conditions, the prevailing philosophy (in view of Lthe low cost of fertilizer M) has been
that the farmer had little 1o gain or lose even if he exceeded the "optimum' N rate by 50
or 100 kg MN/ha. Indeed, where N fertilizer is considered as a production input, maost U. 5,

farmers think in terms of maximum yields rather than the point of greatest economic re-
Turn.

In view of the fact that little more than 5 percent of the applied N was recovered from
the fourth inerement, leaving 90 percent {45 1b/A or 50 kg/ha) as a potential pollution
hazard, it is also questionable whether this last increment of (ertilizer N could be justi-
fied. While the cost of fertilizer N is low enough to tolerate such low recoveries from a
strictly economic standpoint, they will probably not be tolerated by the general public from
the pollution standpoint. This reasoning was also reflected by Lathwell et al. {1970) who
concluded that, "a careful econornic analysis of application rates [N) must be made since
at high rates little yield respanse to the final increment is obtained and the efficiency of
use is very low. Thus, rate of application must be adjusted to maximize return and mini-
mize loss to the environment”. Olsen ct al (1970) also suggested that (ertilizer N rates be
limited to approximately that required by the crop, as did Linville and Smith (1971} wha
concluded that Lo avoid unnccessary contributions of MOz to groundwater, fertilizer N
greatly in excess of that required by Lhe crop should net be applied.

It would therefore seem that increasing the efficiency of fertilizer M is among Agricul-
ture's highest research priorities. A breakthrough in this area might allow a significant

reduction in fertilizer N rates without lowering the yield potential,

A rational approach to fertilizer N recommendations

There is a need for a more rational approach to fertilizer M recommendations. Ferti-
lizer N use practices are influenced primarily by such considerations as {a) field experi-
ments relaling crop response to N rate, (b) expected crop yields, (¢} cost of fertilizer N,
(d} availability of applicaling equipment, and (¢] experience ard preference of the grower,
While these faclors are aften important, consideration of the amount of mineralizable s0il
N and residual fertilizer N, both of which can contributesignificantly toward the N require-
ment of crops, are largely ignored in formulating N fertilizer recommendations. In view
of the high rates of fertiliner N currently applied, decreased utilization efficiency at maxi-
murm yields, and the potential for N loss to natural waters, it is important that we elimi-
nate, as much as possible, the "guesswork” presently involved in making fertilizer N re-
commendations. Comments by Stanford (1966} are particularly appropriate:

"In formulating recornmendations for nitvogen fertilizer use, apgronomists and
soil scientists have relied mainly on expericnce and interpretations of the numer-
ous field and associated laboratory studies conducted over the years. These
efforts have served the farmer and the agricultural chemical industry well.
Future progress, however, demands that less empirical means be developed

for predicting and meeting the nitrogen needs of the crop.

A rational approach to more meaningful N fertilizer recomrmendations requires a
knowledge of three criteria, i, e., the N requirements of crops for expected attainabl-.: .
yields, the mineralization potential of soil organic N, and the amount of residual ferhhz_cr
N available from previous applications. An estimate of the efficiency of N usec for a speci-
fic set of crop, soil, climatic, and management conditions is also essential.



The usual objective or goal in applying fertilizer N is to ensure that crop yields will
not be limited by inadequacy of N. However, according to Stanford {1971}, relatively few
field experiments have provided a specific understanding of the minimum amounts of N
that must be absorbed by a crop for varicous attainable yields to' ensure adequacy. The N
requirement value for a crop is defined as "the minimum amount of N in the aboveground
portion associated with maximum production (Stanford, 1966)! Although this value is quite
variable for certain forage grasses, it is now reasonably well-defined for such crops as
sugarcane, small grains, and corn. For example, Stanford (1966, 1971} reported that the
N requirement for near maximum corn yields, over a wide range of soil and climatic
conditions, was from 1.2 to 1.3, percent. As the N content of the plants dropped below
1.2, corn yields (grain) declined accordingly.

According to Bremner (1965a) more than 95 percent of the total N in most surface soils
is in the organic form. The organic seoil N is mineralized by microbial processes to plant-
available inorganic forms (NH + and NOz ) at rates ranging from 1 to 3 percent during a
cropping season. For example, a soil having 2 pergent organic matier would contain about
44, 000 kg of organic maltor;"hn (based on 2.2 x 10 kg Eﬂilfha to a 15-cm depth), which
would be equivalent to approximately 2200 kg N/ha {(based on organic matter containing 5
percent M), Allewing {for a mineralization rate of 2 percent, the soil would supply the
crap with aboul 44 kg M/ha, Although this is a considerable amount of N for plant growth,
il would rarely be sufficient to meet the demand for this nutrient based on current cropping
praclices {e.g., corn}, and obviously would have to be supplemented by the application of
fertilizer N. )

It should be pointed oul, howewver, that this type of calculation is most unreliable since
the specific mineralization rate and amount of polentially mineralizable N for a particular
soil is essentially unknown. Soil and crop scientists have long recognized the need for a
methed that would provide a reliable index of soil N availability - one which would allow an
accurate prediction of the amount of fertilizer N necessary to produce the desired yield.
Although a number of biological and chemical methods have been developed during the past
three decades (Bremner, 1965b), few, if any, have gained widespread application. This
can probably be attributed to (a) poor correlations of various laboralory indexes with soil
N availability, (b} a recognition of the extreme complexity of the system and the generally
pessimistic attitude regarding prospects for developing reliable quantitative methods for
asscssing soil N availability (Stanford, 1971}, and (c) the low cost of fertilizer N relative
le other crop production cosis.

Presently, there is greater need than ever before for a reliable quantitative index of
soil N availability. Recent work in this area by Smith and Stanford (1971) appears Lo be
promising. They reported that the alkali-distillable N fraction of an extract obtained by
autoclaving soil in 0.01, M CaCl_ for 16 hours serves as a satisfactory chemical index
of soil N availability. This index was highly correlated with seil N mineralized after 4
weeks of either aerobic or anaerobic incubation. In studies with soils from throughout
the U.S. they (Stanford and Smith, 1972) observed that the mineralizatlion process obeys
first—order kinetics. Thus, from the amount of N mineralized during a series of labora-
tory incubations, they were able to calculate the specific rineralization rate constant and
amount of potentially mineralizable N for each seil. Additional research is in progress to
determine the reliability of this index.

The amount of residual fertilizer N in soil, both NO; and NH _+, should be a primary
consideration in formulating N fertilizer recommendations; however, it is largely over=



looked, Carcful assessment of residual mineral N, especially that leached to lower depths

in the soil profile, but still positionally available to plant roots, might allow substantial
reduction of current high fertilizer N rates,

Lathwell et al. (1970} concluded that the amount of residual fertilizer N in soils of
Mew York State was negligible. However, in a study of residual N in soils of the South-
castern U. 5., where annual precipitation often exceeda 125 cm, Pearson et al. {1961)
observed consgiderable residual cffects of spring-applied M over a period of 16 months
bascd on both yield and N uptake by various crops. Mean uptakes of 28 and 38 kg N/ha were
attained by the second and third crops of corn from an initial application of 224 kg N/ha.
Eesidual N in these studies produced a mean corn grain yield of 1140 kg/ha. These results
emphasize the cconomic importance of residual N and these authors recommended soil test
procedures be developed for its estimation.

Recent reports indicate that residual N also tends to accumulate in so0ils of the less
humid Midwestern U.S5., particularly where fertilizer N is applied at high rates. Herron
et al. (1968} concluded that utilization of residual NO= =N by plants {(corn) was cssential
for preventing accumulation of nitrates in soil profiles. They suggested that this could be
accomplished by reducing N fertilizer rates at 3- to d-year intervals without appreciably
rcducing' the yield potential. They also point out that most of the soil test correlation work
with residual N has been based largely on its content in surface soils. Herron et al. (1968,
1971) and Olsen et al. (1970) suggest the importance of sampling and testing both surface
and subsurface soils for residual mineral N to ensure more meaningful and accurate N
fertilizer recommendations. '

With reliable information on mineralizable soil N and residual mineral N, particularly
fertilizer carryover, the following equatiaon, modified from Stanford (1971), would provide
a rational basis for predicting the amount of fertilizer N to be applied to corn,

- + N
M CR ENO r :

= m
f E
whero!
E\‘f = amount of fertilizer N to apply
CR = N requirement of crop
Z:ﬁtoial dry matter (grain 4 stover) x I.Z‘}"'r-j
T*Jum = N mineralized from soil organic matter

Nr = residual mineral ™ {NOE and N]I_1+ }
E = efficiency factor

An assumption here is that mineralizable and residual M are utilized at the same efficien-
ey as fertilizer M.

A corn crop (grain) of 6000 kg/ha (100 bu/A) contains about 5500 kg of dry matter (10-
12% moisture content) and about the same amount of stover for a total dry matter produc—
tion of 11 000 kg/ha, The N content of this plant material near I:'I::h"t}:it‘.l')ll!fl yvield would he
aboul 1.2 percent. The crop requirement for N would be 130 kg/ha (11 000 kg dry matior
x .02} In the foregoing cquation, if we assume that mineralizable N will be 40 kg/ha,
residuzl N 30 kg/ha, and a 60 percent efficiency factor, the amount of fertilizer N to apply



is approximately 100 kg/ha (130 -~ 70).
0.6
Thus, the ultimate goal or objective in applying fertilizer N is really two-fold:
(a) to supplement the amount of potentially available soil N and residual mineral N, to
ensure that crop yields are not limited by inadequacy of N, but also (b) to ensure that the
level of fertilizer N applied does not greatly exceed that necessary for altainable crop
yields.

Increasing fertilizer nitrogen efficiency through soil and crop management

There are a number of ways in which the efficiency of fertilizer N can be increased
through certain soil and crop managemenl practices. This particular subject will be pre-
sented in more detail by another speaker; however, several practices are noteworthy here
in view of their relationship to the present paper.

Lathwell et al. (1970} concluded that proper tirming of application appears to be the
most important consideration for increasing the efficiency of fertilizer N. When fertilizer
N is applied far in advance of the time of maximum demand by the crop (i.e., the grand
stage of growth) there is greater probability of loas by the mechaniams described earlier.
If applied just prior to the grand stage of growth, such as in a side-dress application, less
N will be required to produce the same yield. For example, they observed that the relative
effectivencas of fall applied N compared with sidedress applied N on corn yields in New
York State was only 40 percent; whereas, the effectiveness of spring applied N compared
with sidedress N was about 80 percent. Similar data were reported by Pearson et al.
{1961) which indicated that fall applied N in the Southeastern U.5. was only 50 percent as
effective as spring applied N based on corn yields. In terms of nitrogen recovered, the
relative effectiveness was about 60 percent.

Another optien that could increase the efficiency of applied N, and minimize its move-
ment to groundwater, is the use of deep-rooted crops, such as alfalfa, in rotation with
high N-requiring crops. Stewart et al. (1968) reported little accumulation of NO- in soil
profiles under alfalfa, suggesting its capability as a ''scavanger'' for NOE leached below
the normal rooting depth of shallow=-rooted crops.

In addition to limiting rates of fertilizer N to approximately that required by the crop,
Olsen et al. (1970) proposed that the amount of NOz -N passing through the soil profile to
groundwater could be limited by reducing the acreage and frequency of corn or other crops
receiving N in the rotation, and maintaining cover crops on the land where feasible.

The Controlled Release Concepl

A growing awareness of the low use efficiency of fertilizer N has caused the fertilizer
industry to consider certain chemical andfor physical medification of conventional N ferti-
lizers with the objectives of (a) minimizing leaching, denitrification, volatilization, and
immobilization losses of applied N and (b) releasing an adequate amount of available N
slightly in excess of the demands of the growing crop. The intended result would be an
increase in N fertilizer efficiency. The concept of a controlled release of plant nutrients
has been discussed by MNelson and Hauck (1965), Parr {1967}, and Lunt {1971},

To achieve the objectives of controlled release, research efforts in this area have led
to what might be called the coated granule approach as illustrated in figure 8,
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elemental 5 to achieve a desired release rate.



Fertilizer granules of urea and ammonium nitrate have been coated with various plastics,
resing, waxes, paraffins, asphaltic compounds, and elemental sulfur in attempting to
control the N release rate to more or less coincide with the daily and seasonal N demands
of a growing crop. Coatings can be of three general types:
a. The semi-permeable membrane - Fertilizer N is released upon rupture of the
membrane following the increase in osmotic pressure from water moving across
the membrane into the granule.

b. The perforated impermeable membrane - Pinholes in the membrane provide
the route of release for fertilizer M.

¢. The solid impermeable membrane — The chemical nature of the membrane is
such that N release is dependent on its degradation by soil microorganisms.

One of the more successful efforts thus far has been TVA's development of sulfur-
coated urea (SCU) in which the release mechanism is essentially that of (a}. It should be
recognized, however, that coating adds to the cost of a [ertilizer, and it is likely that N
contained in SCU will cost 25 to 50 percent more per pound than uncoated urea N (Prasad,
et al,, 1971). Moreover, to achieve satisfactory release patterns the material must con-
tain 15 to 25 percent sulfur [weight basis) which would provide little benefit in other than
sulfur-deficient soils. Although it is unlikely that such materials will be seriously consi-
dered as a complete subsitute for highly soluble forms of fertilizer N, they have been re-
commended and used successfully on ernamentals, turf, and some forage crops, and offer
some promise in certain areas subject to excessive N loss by leaching (Nelson, 1971).

The Balanced Dissolution Approach

The objectives of controlled release might also be achieved by use of N fertilizers of
limited water solubility as illustrated in figure 9. Compounds such as oxamide undergo
dissolution in soil at rates which vary inversely with the granule size, that is, the smaller
the granule, the more rapid the dissolution rate. Thus, a specific N release rate could he
achieved through balanced dissolution by selection and. blending of different sized granules
of oxamide, or similar compounds.

A second example of this approach shown in figure 10 involves the selection and blen-
ding of N fertilizers of varying water solubility to provide a range of dissolution rates.
Conventional waler soluble fertilizers such as urea or ammonium sulfate might be selec-
tively blended with compounds of limited water solubility such as isobutylidenediurea
{(IBDU), oxamide or urcaform, to achieve the desired N release rate. In this case, the
slow-release N fertilizers would be used as an adjunct in formulation with highly soluble
N fertilizers and not as a subsitute for them. For example, IBDU, a condensation product
from the reaction of urea and isobutyraldehyde can be mixed or blended with a wide spec-
trum of granular fertilizers, except strongly acidic superphosphate (Prasad, et al., 1971).
In addition te IBDU, Mitsubishi Chemical Industries, Lid., Tokyo, manufactures five
blended fertilizers of the type illustrated in figure 10, where part of the N is supplied as
IBDU and the balance as ammonium sulfate, urea, or diammonium phosphate. According
to Prasad et al., (1971) some mixtures of [BDU and conventional N sources have been
more effective (based on yield increases) than either component alone. It would seem that
additional research and development is needed in this area, particularly in view of the re—
lative simplicity of bulk-blending granular components and lower probable production
cosgts, compared with the coated granule approach,
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Figure 9. The balanced dissolution approach to controlled release in
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The Inhibitor Approach

Caonventional ammoniacal N sources as well as those of limited water solubility are
subject to nitrification by autetrophic soil bacteria. This appreach involves the formula-
tion of ammoniacal fertilizers with certain chemicals to repress or inhibit nitrification.
An example of this approach is the use of Dow Chemical Company's N-Serve, 2-chloro-é-
{trichloremethyl) pyridine to inhibit the genus Nitrosomonas which oxidizes NH + to NO=
in the initial step of the nitrification segquence. Inhibition of nitrification at this point would
maintain fertilizer N in the NH + form for extended periods, and provide for increased
efficiency through enhanced M uptake and yield., Unlike NO-, MH + ig not subject to loss
by denitrification and leaching. A number of other organic compounds including thiourea,
methionine, dicyandiamide, certain pesticides, and AM (2-amino-4-chloro—6-methyl
pyrimidine), manufactured by Toyo Koatsu Industriea, Tokyo, have been reported to
inhibit nitrification (Prasad et al., 1971}; however, these compounds appear to be less
specific and usually leas effective than MN-5Serve.

So far, nitrification inhibitors have simply been mixed with granular ammoniacal
fertilizers or applied as coatings to the surface of fertilizer granules (Swezey and Turner,
1962; Turner and Goring, 1966}, as illustrated in figure 11. Only a few experiments have
been reported in which chemical inhibitors, e.g., N-Serve, were formulated {i.e., dia=-
solved) in liquid anhydrous NH_ and applied directly to soil in an attempt to suppress the
rate and extent of nitrification of NHz —-N (Turner and Goring), 1966; Parr et al., 1971a}.
The relative ease of formulating and applying liquid fertilizer—inhibitor solutions offersa
distinct advantages compared with granular preparationa.

The recent development of a special field applicator (Smiley and Papéndick,: 1970) has
allowed a rather intenaive evaluation of NH_+N-Serve and I‘\IH3 + potassium azide (KN_)
golutions at several locations in the U, 5. ]é’o!.assium azide, an inorganic peaticide, has
been well documented as an effective inhibitor of cytochrome oxidase in respiratory meta-~
bolism of many microorganisma, plants, and animals. It is active as a bactericide,
fungicide, nematicide, and herbicide, and in certain laboratory tests waa effective as a
nitrification inhibitor (Parr et al., 1971a).

Papendick et al. (1971) applied solutions of NH_ + KN_ (2 and 6% by weight of KN_} to
goils of the winter wheat area of eastern Washington State in the month of August, ata
rate of 112 kg N/ha. Two months later, the amount of NO- - N recovered from the reten-
tion zone, as percent of total extractable N, was 67, 48, and 36 percent for NH_ alone,
NH, +KN_ (2%}, and NH_ 4KN_ (6%}, respectively. Nitrification inhibition due to KN _ was
Btiﬁ evidgnt b months affer application. These results indicate that KN, formulated with
anhydrous NH_ was an effective nitrification inhibitor for this N source under the prevai-

ling soil and cfima.tic conditions.

Parr et al (1971b) evaluated the relative effectiveness of KN_ and N-5erve formulated
in anhydroue NH_ at levels of 3 and 6 percent by weight, and applied at rates of 112 and
168 kg N/ha to sugarcane in Louisiana. As shown in figure 12, based on the amount of
residual WH + =M in the retention zone, the order of nitrification inhibition was:
NH_+MN-Serve > NH_+KN_7» NH_ alone. Ammonia alonexwas almost completely nitrified
after 4 weeks, wh‘ilae N-éerve with WH, caused a significant suppression of nitrification
for 12 weeks. At the & percent inhibitdr level, after 4 weeks, KN_ was only about 30 per-
cent ag effective aa M-Serve at either N rate. The greater residual activity of N-Serve
was apparently related to its low solubility in seil water, compared with the high solubility



THE INHIBITOR APPROAGH
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Figure 11, The inhibitor approach in which nitrification inhibitors are
‘pither mixed with granular ammoniaca® N fertilizers, or applied
as surface coatings, thereby maintaining fertilizer N in a
cationic form for extended periods.
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of KM_ and its greater leaching potential. Yield increases of about 4500 kg/ha of millable
cane were obtained with NH, +KN_ at the 112 kg MN/ha rate compared with NH_ alone;
however, no differences between T.ghuae two treatments were observed at the higher N rate.
On the other hand, yield increases of about 12,000 kg/ha were obtained from 112 kg N/ha
applied as NH_ +N-Serve (3 and (%) compared with NH_ alone, ‘and were equal to yields
resulting from 168 kg N/ha without N-Serve. These dafa indicate that the efficiency of
fertilizer N applied to sugarcane can be increased by suppressing nitrification of anhydrous
NHE-' particularly with N-Serve,

Inhibition of nitrification would cause plants to utilize NH _+ -N to a greater extent than
in the absence of such inhibition. The effects of NI + and Na— ionse in plant nutrition have
been the subject of investigation for the past 50 years. Althn‘ugah much of the work has been
conducted in nutrient solution rather than soil, certain consistent observations have been
reported. Planls supplied with NH R often contain lower concentrations of certain inor-
ganic cations such as Ca, Mg, and K, and higher concentrations of elements absorbed as
anions, i.e., S, P, and CI, compared with tissues of plants receiving NO; -N. Moreover,
plants subject to NH + nutrition usually contain higher concentrations of Amino acids but
lower accumulations of organic acids. A number of researchers have reported that plants
supplied wholly with an NH4+ form of N grow less vigorously than with NDE'

Possible reasons for such differences including (a) effect on electron transfer systems,
(b) interrelationships with carbohydrate metabolism, (c¢) NH, toxicity, (d) ion uptake and
competitive interactions, and (3) effects of pH were discusse& by Kirkby and Hughes (1970).
For example, NH + absorption for most plants reaches a maximum above pH 7, wherecas
that for NO= is near pH 4. MNevertheless, where adequate pH control of the rooting medium
(soil or salution) is maintained, it appears that NH + is probably as effective a source of
M as NOs, providing there is proper balance of other nutrients. Goring (1962a) speculated
that the optimal nutrient balance for NH + nutrition would be somewhat different than the
optimal balance for NO- nutrition. He e:ilso points out that current fertilization practices
are based on NDE nutrition. Thus, with the increased potential for use of nitrification
inhibitors, and consequent shift toward NH + nutrition, such practices may be subject to
considerable revision. Future agronomic research in this area should receive high

priority.

The Controlled Rhizosphere Approach

It has long been known that soil microorganisms are more abundant in the region of
contact between root and soil, i.e., the rhizosphere, than in soil beyond the influence of
plant roots. Microbial numbers and activity are increased in this zone because of the
availability of carbonaceous and nitrogenous materials arising from sloughed-off root
hairs or epidermal cells, or exuded from normal healthy plant roots. Plant root exudates
may include sugars, amino acids, vitamins, organic acids, nucleotides, flavonones,
auxins, and enzymes (Rovira, 1962).

The quantitative and qualitative nature of the root surface-rhizosphere microbial popu-
lation is determined to a large extent by the nature of the plant root exudates, which in
turn depends on root metabolism. Root metabolism is affected by a whole host of factors,
including soil chemical and physical properties, atmospheric conditions, and the stage of
plant growth (Starkey, 1958).



The principal objective of this approach to increased fertilizer N efficiency would be to
seek ways and means of controlling the root surface-rhizosphere microflora to the nutri-
tional advantage of the host plant. A controlled rhizosphere would be of considerable advan-
tage to the plant if microbiological immobilization of fertilizer N could be avoided,
Bartholomew and Clark (1950) and Legg and Allison (1960} concluded that significant
amounts of fertilizer N are rapidly assimilated by the rhizosphere microflora, thereby
becoming immabilized and temporarily unavailable to the plant. The resulting losa of
fertilizer N efficiency is apparent.

There is evidence that the chemical nature of plant root exudates can be markedly
changed through foliar application of different chemical compounds, including fertilizers
such as urea. Such treatments have reportedly caused significant changes in root surface-
rhizosphere populations [Ramachandra-Rcddy, 1959; Venkata Ram, 1960). These obhserva-
tions provide a basis for future research which could contribute substantially toward in-
creasing the efficiency of fertilizer N. For example, compound X might be applied to soil
or foliage, either in combination with an N fertilizer or separately, to change the chemical
nature of plant root exudates, resulting in a shift from rhizosphere population "A", in
which there is extensive immobilization of N, to population "B", where there is leas immo-
bilization.

Summary and Conclusions

Most N fertilizers are subject to certain chemical, physical, and biochemical events
which can result in significant losses of N from the soil-root zone after applicatisn. Under
many so0il and cropping conditions, fertilizer N use efficiency, i.e., the percentage re-
covery of fertilizer N by the crop, is often 50 percent or less. In view of the increased use
of fertilizer N to sustain maximum yiclds for economic production, and Agriculture's
potential contribution to the eutrephication of surface waters, nitrate enrichment of ground-
waters, and possible health hazards which could result therefrom, this paper considers a
number of approaches for maximizing the efficiency of fertilizer N, There are principally
two ways of increasing fertilizer N efficicncy, first, by minimizing losses of N from the
soil-root zone, and second, by manipulating environmental and management factors to
allow the plant to fulfill its genetic capability for maximum yield and quality.

As the rate of applied N increases, fertilizer efficiency (both yield and N uptake)
decreasecs progressively, often to a point where a considerable amount of the last incre-
ment of fertilizer N is a potential pollution hazard. Since the point of greatest econornic
return to applied N is usually somewhere below the point of maximum yield, it may be
possible to adjust application rates to maximize return and minimize loss to the environ-
ment.

There is a need for a rational approach to more meaningful N fertilizer recommenda=-
tions. This requires knowledge of three criteria, i.e., the N requirement of the crop for
expected attainable yields, the mineralization potential of soil organic N, and the amount
of residual fertilizer N. A reliable estimate of the efficiency of N use of a crop for speci-
fic soil, climatic, and management conditions is also essential. With this information
the ultimate goal in applying fertilizer N is two-fold: (a) to supplement the amount of mine-
ralizable soil N and residual N, thereby ensuring adequacy for crop yields, and also (b}
to ensure that the amount of fertilizer N applied does not greatly excecd that necessary
for attainable yields.



Fertilizer N efficiency can be increased through eertain soil and crop management
practices including:
1. Proper timing of application to coincide closely with the grand stage of growth
or time of maximum crop demand;
2. Use of deep-rooted crops such as alfalfa in rotation with high N-requiring crops;
3., Maintaining cover crops on the land where feasible.

There are also some chemical and biochemical considerations for increasing the
efficiency of fertilizer N by minimizing leaching, denitrification, volatilization, and
immobilization losses of applied N, including:

1. Use of coated granules for controlled release, i.e., granules which relcase
an adequate amount of N at a rate coincidental with the daily and seasonal

« demands of the crop;

?, Use of N fertilizers of limited water solubility to achieve the objectives of
controlled release, e.g., a blending of conventional water soluble fertilizers
with compounds such as oxamide or [BDU for balanced dissolution to achieve
the desired release rate;

3, Use of nitrification inhibitors to maintain fertilizer N in the NH _+ form for
extended periods. Variations of this approach inclh le mixing or coating ferti-
lizer granules with the inhibitor, or formulating th. ‘nhibitors in liquid ferti-
lizer systems such as anhydrous NH_;

4, Use of a chemnical approach for controlling the microflora of the root surface-
rhizosphere region of crop plants to minimize immobilization of fertilizer N.
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FACTORS DETERMINING THE LEACHING GJ:'_'J_NITRDGEN FROM 50IL,

INCLUDING SOME ASPECTS OF MAINTENAMCE OF WATER QUALITY

J. Jung’

BASF Agricultural Research Station,
Limburgerhof, Germany

Tntroduction

When considering the guestion of cutrophication of flowing and enclosed surface
water and the increased nitrate content in upper ground water observed in somge
areas, il is interesting lo eslablish not only how much nitrogen stems from the waste
and sewage of urban arcas, but also the armount of this nulrient derived from soil.
The fact that the rate of leaching varies so greatly poses the question as to which
factors play an important part in removing nitrogen f{raom the top=oil, and what the
interrelation of these factors is.

I propose to discuss the mosl important faclors affecting nitrogen leaching, con-
centrating mainly on conditions encountered in Europe. Most of the resulis quoted
weore obtained from lysimeter trials, a large number of which were carried cut in the
Agricultural Research Station in Limburgerhof, where we have had a lysimeter instal-
lation with a total of 232 plots in operation since 1927,

M5 far as techriques are concerned, it musat be borne in mind that the resualts of
lysimeter trials have certain limitations when applied to practice. Sorme of the reasons
for this are the limited profile (depth) of the soil, the lack of contact with ground
water and the oflen relalively loose nature of the soil. However, the lysimeter still
provides the hest method of obtaining data on nulrient leaching under a great varietly
of conditions (type of soil, crop, rolation, fertilization etc.). The results of quanti-
tative studies carried outl in lysimcters generally represent the upper limit for
nitregen leaching from soil that would be possible under the most unfavourahble condi-
tions encountered in practice,

The results oblained so far from lysimeter trials provide abundant material for
the study of vertical leaching of nitrogen rom soil, both from the point of view of
crop production and of environmental protection. It would be useful if we could ob-
tain in the near future the corresponding figures for runoff, even though the amount of
nitrogen tranamitted to ground water, as sulficient quantities for eutrophication arc
usually already present in the former. Therefore in this case, nitrogen , in contrast
to phosphate, cannot be regarded as a minimum growth factor according to Liebig's

law.
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Effect of amount of rainfall on nitrogen leaching

It ia obvious that climatic conditions, and in particular the amount and distribution
of rainfall, affect the quantity of water leached and thus indirectly also affect nitrogen
leaching. Figure | shows an example of the close correlation between rainfall and
leaching water in sandy soil over a period of 13 years.

The relation between rainfall, leached water and nitrogen leaching in three years
with widely differing amounts of rainfall is shown in table 1. The results were ob-'
tained from lysimeter studies in sandy and loamy soils.

It is interesting to note that in some cases the amount of leaching water rises propor-
tionally higher than the increases in rainfall. 1964 was a dry year, and only 25% of
the rainfall leached to a depth of 1 metre, whereaa 1966, which was moderately wet,
the leached water accounted for about 50% of the rain. The figures recorded for 1968,
a year with very high rainfall, were 64 and 68% . As was to be expected, the nitrogen
losses by leaching increased correspondingly.

Table 1. Rainfall, leached water and nitrogen leaching

1964 1966 1968
dry mod. wet v. wet
sand loam sand loam sand loarmh
Rainfall, mrm 5 374 618 « 779
Leached water, 1/m 95 93 312 309 527 497
Leached water as feage
of rainfall 25 50 68 64
N in leached water, kg/ha 33 21 41 23 56 62
N

{Jung, Dressel and Buchner, 1969)

There was relatively little difference in the amounts of lecached water from the two
types of soil used in these experiments. Similar results can be quoted from earlier
lysimeter studies. (Publication of the Research Station, Limburgerhof, 1939). These
are to be seen in table 2.

Table 2. Type of soil and amount of leached water (Mean values over several years)
A > a 1 ] b
vlerag{_‘ nnua Torweok woil Le a.chfd water

rainfall in mm 1/m [year
Sandy, alkaline 254
Sandy, acid 233

617

Lioamy, alkaline 244
Lioamy, acid 180
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It should be noted that higher rainfall does not necessarily result in increased
nitrogen losses by leaching., By prometing growth and thus increasing the nitrogen
uptake, additional irrigation in a dry summer can result in quite low leaching losses
in the following winter and thus to a low overall loss: '

Effect of the type of s0il on leaching

In apite of the figures in table 1 proving that after the same N application rates
there were somewhal reduced leaching losses from loamy soil in the dry and modérate~
ly wet years, there is very often no definite relationship between the type of soil {in
the sense of the usual classification) and N leaching. Although the texture and struec-
ture of the soil do modify the effect to some extient, much more impaortant factors are
the so0il's nitrogen content, almost 95% of which is organically bound, and its rate of
mineralization. Scheffer and Schachtachabel (1966) give figures of 0.02 - 0.4% nitro-
gen in mineral soils, which is the equivalent jof 600 - 12 000 kg endogenous nitrogen
per hectare topsoil. To take an example of an area of fairly good arable land with an
endogenous nitrogen content of about 8 000 kg/ha and an average mineralization rate
of 2%, which is the usual rate in Europe, every year one hectare of this land would
release 160 kg nitrogen from the reserves in the soil. According to the above-
mentioned data, it is thearetically possible for this figure to vary between 12 and 240
kg/ha N in the most widely differing types of soil. A. Finck (1969 gquotes annual re-
leases from the soil reserves of 30 — 270 kg/ha and leaching losses from humid soils
of 5 - 30 kg/ha N.

It ig a well known fact that climate also plays an important part in the amount of
nitrogen accumulated in the soil and ite release from the soil's reserves, This was
proved by H, Jenny as long ago as 1930. He demonstrated that in soils with a compa-
rable moisture, the nitrogen content is lower at higher mean temperatures that cause
an increase in mineralization. The temperatures at which the observations were made
ranged from a mean of 0°C in Canada to 21°C in the Southern United States (v. figure
2). One fact emerges clearly: that there is close correlation between the climate and
type of soil, and these two factors are of primary importance in nitrogen balance and
the extent of nitrogen leaching.

Effect of vegetative cover, cropping sysiem and season on nitrogen leaching

Percolation of nitrogen can be affected to a large extent by the length of the plant's
vegetation and by its water and nutrient uptake. This occurs both directly, by the up-
take, and indirectly, through transpiration. According to R. Keller in his report on
the water cycle in Western Germany, the figure for plant evaporation or transpiration
is 370 mm. Thus no less than 45% of the mean annual rainfall of 825 mm is utilized
by plants. This figure used to be lower but has risen steadily with the increase in
crop production. The high proportion of water used in transpiration in this cycle
offers an explanation for the following:

1. MNitrogen leaching from uncultivated ficlds fe.p. fallow) is generally the highest.
2. In cultivated fields most leaching occurs in winter, i.e. between vegetative periods.

3. The weaker and shorter, the root system of a plant, and the lower the transpiration,
the higher the N leaching.



Fig., 2: Relation between N content of soil and mean annual temperature
in soils inthe US.A indifferent climates and {ypes of vegetation

(Jenny, 1830)
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Two examples from our lysimeter studies demonstrate these relationships. The
first (table 3) shows the difference in N leaching in summer and winter. The second
{table 4) gives details on the varying N losses from grassland, vineyards and fallow
land, '

Table 3. N leaching in summers and winlers with varying amounts of rainfall

kg/ha N to a depth of 1 metre
Rainfall Winter Summer
(Cct. -Mar.) {Apr.-Sept.)
Low 11 1
Moderate 16
Heavy 46 14

(C. Pfaff, 1963, Limburgerhof)

Table 4. Mean annual N uptake and leaching under various cropping systems

Grassland .Vineyard Fallow
N uptake kg/ha 190 80 ~
N leaching kg/ha 10 20 160

(C., Pfaff, 1963, Limburgerhof)

By intensifying the use of the land, catch crops, particularly in winter, can appre-
ciably reduce N leaching. In a study carried out in 1963, Pfaff recorded a relative N
utilization of 63% with a potato — cereal rotation without a catch crop. With a catch
crop the N utilization rose to 88%. In a further series of tests over a period of 4 years,
M leaching was reduced from 69 to 24 kg/ha by the judicious cultivation of catch crops.
The results of investigations carried out by A, V&mel (1970) reveal the considerable
influence exerted by plant uptake and evapotranspiration on the utilization of nitrogen
translocated to deeper layers of the soil, 10 = 20% of the fertilizer nitrogen that
has been leached into the suhsoil is withdrawn again from this layer.

Thus we can state that under the conditions we have in Europe, nitrogen leaching
from uncultivated land is by far the highest, although it can appear to be relatively
high under crops where the root system is not very extengive, such as in vineyards.
In contrast to this, in soils under profusely growing crops, in particular grassland,
there is only minimal nitrogen leaching into the subsoil [Pfaff, 1963). Studies in so-
called mould (i.e. topsoil) lysimeters undertaken by K8hnlein and co-workers [1966)
revealed the surprisingly high affinity for nitrogen of the vegetative cover, even follow-
ing extremely high nitrogen applications. Only in the event of extraordinarily heavy
rainfall al the beginning or end of the vegetation period was there any nitrate leaching
in summer. The trials were carried out with six types of soil regarded as typical for
Schleswig-Holstein, and the crop rotation employed was grass, oats, winter rye and

heets.
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Lysimeter studies in England under fallow, clover and grass revealed N leaching
losses of 118, 46 and 3 kg/ha per year respectively, and this was without N fertiliza-

~tion (Low and Armitage, 1970).

Table 5 showsa the results of comparative studies on N leaching in the economically
important crops, potatoes, cals and winter rye (Pfaff, 1963).

Table 5. Annual N uptake and N leaching in three crops

Potatoes Winter rye . ¥ Oats
PK ,

Uptake q/m NZ 4,9 2,49 |I 2,5
Leaching g¢/m N 4,3 ' 6,1 | 5,9

i

| NPK , .
| Uptake gq/m 1T 8,2 ; 5,5 5,5
Leaching q¢/m N 4,7 | 7.4 6,0

(Pfaff, 1963)

Polaloes took up more nitrogen (both soil and fertilizer N} than cereals. Therefore
M leaching under potatoves was considerably less than under rye and oats. It is remarka-—
ble that rye and oats took up less than 3 g N from the soil reserves but double that
armount was leached out. This eccurred mainly in winter, this season accouiting for
83 and 76% of the total annual leaching in rye and oats respectively.

The extent of N percolation under wooded areas is another important point in
connection with the effect of the vegetative cover on N leaching, particularly in rela-
tion to water conservation. Contrary to Lhe pepular belief that only negligible amounts
of M reach the subsoil of foresta, H5811 (1963} abtained levels of up to 550 tngflitre
NO._ in a lysimeter study on the uncultivated soil of an oak and birch wood. Trials in
pine forests also yielded mean values of 80.7 mg/litre NUB'

I may be taken as granted that the vegetative cover affects not only the vertical
translocation of nitrogen but also its runoff. Unfor tunately we have as yet no definite
data on this comparable to the results of studies by Kuron, Jung and Schreiber {1956}

on phosphate and potassium.

To sum up what is known about the effect of the vegetative cover, we can say that
all measures that promote plant growth usually decrease nitrogen leaching simulta-
necusly. This frequently includes norrmal nitrogen fertilization and additicnal irriga-
tion {cf. Pfaff, 1963 and Vémel, 1970},

Effect of N fertilization on the level of N leaching from soil

It mus!. be borne in mind that the nitrogen found in soil can be derived from sources
other than raineral fertilizers. These include farmyard manure, biclogical fixation of
atmospheric nitrogen, and nitrogen present in rain. Leguminecsae can fix as much as
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400 kg atmospheric nitrogen per hectare. Under the conditions prevalent in Europe,
free-living bacteria fix roughly 10 kg nitrogen per hectare and year, and about the
same amount i8 obtained from rainfall. Fertilization with farmyard manure generally
provides an annual 40 kg N/ha. The purpose of this section, however, is to deal only
with the effect of mineral fertilizers on N leaching from topsoil,

Table & shows the increase in use of nitrogenous fertilizers in various European
countries from 1948 to 1970.

Table 6. Consumption of nitrogenous fertilizers in European countries

1000 metric tons N kg N/ha
1948-53 1964/65 1969/70 1969/70
mean

Austria 23 73 121 31.0
Belgium 77 122 177 109.9
Czechoslovakia 48 228 400 56.3
Denmark 65 169 270 90. 3
France 259 : 861 1243 37.7
Germany, Fed.Rep. of 365 785 . 1085 78,4
Germany, Eastern 194 397 | 487 7.7
Ttaly 145 404 550 27.2
Metherlands 149 294 385 174, 2
Switzerland 8 22 34 15.6

Total 1333 3355, 4752

When considering the effect of N fertilizers on the translocation of this nutrient
from the soil profile, the following faciors are important:

a) Application rate

b} Time of application

¢) Type of N used

d) Gasesous nitrogen losses

Application rate

According to the extensive lysimeter studies carried out by Pfaff (1963} and VEmel
{1970}, fertilization with nitrogen does not necessarily cause increased percolation
into the subsoil. Rather is it the case that N fertilization can lead to a decrease in
leaching as a result of promoting plant growth in general, which of course includes
the development of a more extensive root system.

Figure 3 presents some of the results obtained by Vémel (1970} in his trials on
oats in various types of lysimeters (with depths of 26, 50 and 100 cm) .
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"Although two of the three N rates applied were excessive, only 6 -7 % of the ferti-

lizer N percolated out of the topsoil. The proportion of fertilizer N of the total amount
percolated is shown in table 7.

Table 7. M percolated from fertilization as percentage of total N percolated, 1964-65

Added N in kg/ha
59 117 176
Soil depth 26 cm b 10 16
Soil depth 50 cm 4 T 10

{(Vamel, 1970)

Pfaff's investigations provide us with another example:
The results listed in table 8 are from a T-year lysimeter study in which the crop
rotation early pntatuew”gre:_—:n maize and rye/spring rape were grown successively
on sandy and loamy soil. The figures shown are the amounts of N that reached a
depth of 1 metre,

Following an application of 80 or 160 lr.g;'rha, there is practically no difference in
the M leaching from these plots and the untreated controls. Percolation levels of b -
10% of the fertilizer N applied were found only after rates of 240 and 320 kg/ha had
been used.

Table 8. N leaching following increasing M application rates.
Mean values of T-year trial (Pfaff, 1963)

M leaching

N fertilizer Sandy soil A Loam C

kg/ha kg/ha | Inc. on As Teage kg/ha | Inc. on | As %age

N control of fert. M control | of fert.
N M

Unfertilized 39 22
2x 40 = 80 37 21
2 x B0 =160 44 5 3 24 1
2 x 120 = 240 55 16 7 36 14 £
2 x 160 = 320 T2 33 10 53 31 10 l

If these results are applied to conditions encountered in practice, the leaching
levels will be roughly half the amounts found in the lysimeter trials, since lysimeters
cover extreme conditions (e.g. loosened soil, no contact with ground water etc). In
arable land used for a normal crop rotation system, it can be assumed that a rmaxi—
mum of 5% of the N added as fertilizer will be leached out. The amount will of course
deviate from this figure in crops with a limitedroot system that require high M
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application rates, e.g. grapevines, fruit and certain vegetables, and the deviation
will be greatest in highly permeable soils. Fertilization carried out at the wrong time
will #lso lead to an increase in leaching.

Time of application

As a general rule it may be said that N leaching can be reduced considerably by
timing fertilization to coincide with the period when the crop needs N most, and often
by dividing the required amount of N inte several replications. Under European con-
ditions, N fertilization in autumn, for instance, on fallow ground would usually result
in high leaching lossea. This is illustrated by the results from one of cur lysimeter
studies (figure 4). Gliemeroth (1958), however, reports relatively low leaching losses
following an application of 360 kg/ha N in November. The nitrogen was in the form of
calcium ammonium nitrate and calcium cyanamide and the soil was loess. The expla-
nation offered for the resulis is that this type of soil has a high absorbency rate for
Nll_1 ions, and following the late fertilization there was little nitrification.

Most of the anomalous statements on the translocation of N in winter can be ex-
plained by differing climatic conditions. Van der Paauw (19262) conducted experiments
in Holland to dermonstrate the effect of rain in winter on N supply in the subsequent
vegelation period. He reports that following rainfall of 100 - 200 mm between Novem-
ber and February, rye crops yielded 3 - 3.5 tons/ha, whereas after 250 mm rain in
the same period the yield was only 2 tons/ha.

Geering and Schiitz {1964) quote leaching losses of approximately 100 kg/ha N under
fallow in winter in the Swiss climate. They also reported the results of trials in which
two-thirds of the N [NnN03 and {NHrI}ZSOrj ) applied in autumn is leached out by the
following spring.

Recent investigations carried out be Dam Kofoed and Kjellerup (1970) on three
sandy and three loamy seils in Denmark revealed that there is no risk of leaching
from loamy soil under barley if N is applied in spring. In sandy soil, however, 30 -
40 mm rain occurring between fertilization and complete uptake can cause quite heavy
losses.

Type of nilrogen

Trials covering periods of several years have proved that the average N leaching
rates from soils with different types of N fertilizers are very similar. Table 9 shows
an example of the figures obtained after using nitrogen in various forms. They are
taken from a trial carried out in loamy soil over a period of 14 years.

Table 9. Effect of type of nitrogen on N leaching {kg/ha) from loamy soil over 14 years
{Lysimeter trial, 80 kg N/ha + manure)

Without N Ammonium Calcium Ammoniam Calcium
sulphate cyanamide sulphate ammonium
nitrate nitrate

48 5h 5 55 ) 55
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A recently concluded 13-year lysimeter study (figure 5) provides results on the
behaviour of ammonium sulphate {AS) and ammonium nitrate (AN) in a neutral and an
acid sandy soil. Both types of N behaved in much the same manner regardless of the
soil's pH. The mean annual leaching rate of the N fertilizer added was between 4 and
8% . Similar results were obtained from a 9-year trial with these two types of N in a
neutral leamy soil (figure 6). However, in this case, there was a more noticable
difference in the leaching of the two fertilizers, ammonium sulphate averaging 2% and
ammonium nitrate 6. 5%.

Since N leaching from soil is almost exclusively in the form of nitrate, and the N
added in fertilizer is converted relatively quickly to nitrate, the results quoted here
are only 1o be expected. Exceptions to this general rule can occur upnder conditions
deviating considerably from the norm, e.g. heavy rainfall immediately following
application in early spring, or on widely differing types of soil (Jung and Dressel,
1970). It is interesting to note that the N applied in manure has a similar leaching
rate to that in mineral [ertilizers.

Gaseous N losses and N leaching

Another factor that can affect the extent of the M leaching rate is gaseous losses
of nitrogen, in particular those occurring as a result of denitrification. Various
auth-:::fg have mentioned a discrepancy in nitrogen balance, and recent investigations
with  "M-labelled nitrogen have established that between 10 and 20% of fertilizer N
is given off to the atmosphere. Extensive studies in this field have been carried out
by Jansson (1963), Gecring and Schulz (1964) and Viimel (1970). N losses as high as
33% were detected by Owens (1960) in trials with radio—active ammonium sulphate
in eight loamy soils. Therefore this must also be taken into account as a factor affec-
ting soil nitrogen balance and thus, indirectly, N leaching. It would be interesting to
establish to what extent denitrification of nitrogen leached into the subseil is increased
in depths where there is a reduced oxygen content. Attention is drawn to this point in
a report by Meck and co-workers f1970%.

Mitropgen and waler quality

It emerges from the results presented here that the application of nitrogen ferti-
lizer is only one of a number of factors that can affect the amount of N leached from
the soil. In the light of the data we have at present, we can conclude that the vegeta-
tive cover or cropping system, climate, season and endogenous N normally play a
more decisive role than N fertilization.

a} Ground water
The cases in which there is any effect worth mentioning on the upper ground water

are cxceptions. Howewver, these are the very cases that should be investigated more
fully in order to establish whether there is any real connection with mineral ferti-
lization. In Western Germany the areas in question are some wine-growing districts
from which there have been reports of raised NG'?- levels in the water.

Sturm and Bibo (1965) tested samples of drinking water in an important wine-
growing area in Germany (the Rheingau). They discovered that water from sources
beneath vineyards had an NO_ content of over 40 mg/litre; water whose source lay
beneath arable land or forest yielded values of only 10 and 5 mg/litre respectively.
Schwille (1969) also reports high nitrate levels in wells in the Moselle Valley that
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he attributes mainly to N fertilization in the vineyards. This hypothesis can be
supported by the results of lysimeter studies undertaken by Pfaff (1960) which
prove that vines take up little nutrient and therefore allow a relatively high leaching
rate,

Appreciable leaching, both of fertilizer and endogenous N, can be expected in
very porous, gravel soil, such as can often be found in the wine—growing districts,
of the Moselle. However, it is not possible to make a gquantitative estimation of
the effect of the NO_ content in upper ground water, as the deciding factor is nol
only the amount of 1\}0 leached but also the data on groundwater flow for that area.
Thus it is not surprising that Schwille reported dramatic variations in the NO_ level
in well water. He states, "A swing from the lowest to the highest value, or vice
versa, can occur within just a few months." Even if studies are undertaken in these
isolated arcas to give a quantitative estimation of the effect of the cropping system
and N fertilization on the upper ground waler, prophylactic measures should be put
into operation simultaneously to invesligate the possiblities of reducing N leaching.
Such measures would include:

- Timing and application rate of N fertilization commensurate with the crop's
requirerments

= Cultivation of overwinlering catch cropsa

- Use of slow-release N fertilizers (e. g, urea aldehyde condensation products)

With the exception of isolated cases, such as in the aforementioned wine-grow-
ing areas, there is not likely to be any appreciable increase in the nilrate content
of ground water caused by the use of N [ertilizers on normal agricultural land. In
fact the reverse may be the case: If there is particularly high crop production as
a result of intensive agriculture, and if the use of nutrients has been rationalized
for economic reasons, then N leaching losses are likely to be very slight.

Surface water

We have a wealth of information on vertical translocation of N in the soil,
particularly in lysimelers, but there is a regrettable lack of data on runoff, and
some of the information we do possess is based on supposition rather than hard
facts. It is therfore difficull to reach any conclusion on whether N fertilization
affects the N conlent of surface water, and if so, to what extent. 1 should like to
me nlion briefly a few extracts from conflicting reports to illustrate the conlraversy
on this subject:

Bucksteeg (1966) estimates that 707 of the nitrogen discharged into surface
water in Western Germany is from agricultural and wooded areas and only 30%
from sewage.

Pleisch (1970) carried out studies on the nutrient content of two lakes
(Pfiffikersee and Greifensee) in Switzerland. He reports that the majority of the
N present comes from the seil, 7 mg/litre NO_ being derived from wooded areas
and 10 mg/ litre from peat soil and normal cultivated land. The increase in the N
discharge since 1951 in this arca proves there is close correlation between the N
concentration and the population density.

Bernhard, Such and Wilhelms (1969) investigated the effect of population and
various cropping systems on the nitrogen and phosphate discharge in [our streams
in the catchment areas around the Wahnbach Reservoir {table 10). There was little
variation in the N inflow rates in relation to the size of the areas, but the highest



concuntration was found in the water of the most densely populated area, in spite

of the fact that a relatively small proportion of the land was arable and a large pro-
portion grassland,

Table 10: Vegetative cover, population and nitrogen discharge in the catchment area
around the Wahnbach Reservoir {Bernhard, Such and Wilhelms, 1969)

Bleibach Esachbach Heckbach Wahnbachl

a) Veget. cuvarfcrnpping systerm:

Arable land 13 9% 64 % 20 % 51 %

Grassland and meadow s % 18 % 35 % 12 %

Forest . 19 % 15 % 43 % 28 %
bt} Built-up areas:

(Buildings, farmyards and

gardens) 31 % 3% 0 % 8 %
¢} Mean nitrogen discharge (N):

kg/ha/year 18 LT 12 d2

meg/litre water 3.9 2.5 1.6 &3

. _T———————

In studies carried out by Schrmid and Weigelt {1971} in Lakes Waging and
Taching in Bavaria, it was proved that 18% of the N inflow originated from indus-
trial and domestic waste, 739 from rainfall in the catchment area and 9% from
rainfall over the lake. Neither N fertilizer from the agriculture in the ar:::a nor the
goil's own N reserves contributed to the N in the lakes, The auvthors furnish writlen
proof to support their assertion that N {fertilization cannot play any part in the eu-
trophication of these waters nor in the N balance recorded for various sites and
cropping systems. In all the cases they investigated, the N withdrawal was conaider-
Iably greater than the N added in the form of organic and mineral fertilizers. The
deficit could have been made up anly by M from Lhe soil reserves or the atmosphere.
Schmid and Weigelt conclude that - apart (rom a few exceptions - the surface run-
off of M is negligible from land with intensive agriculture.

It would be expedient to obtain further definite proof to supporl these observa-
tions on runoff. For this purpose special runoff studies under Furopean conditions
would be necessary, similar lo those carried out on various sites by the Tennessee
Valley Authority (Kilmer, 1971). The aim of such investigations is to determine
the nutrient content of the runeff water before and after fertilization in watersheds
with precisely defined boundaries.

7. Summary

M leaching from the topsoeil, which oceurs both by vertical percolation and runoff,
is becoming increasingly important, not only from the point of view of crop production
but also in the maintenance of water quality. N runoff from sloping fields has not yel
been investigated extensively, but lysimeter studies have provided us with comprehen-
sive data on vertical percolation of this nutrient,



Numerous investigations throughout Europe have determined the most important
factors concerned with N leaching from the topsoil and their relationship to water
gquality., The results may ke summarized as lollows:

The amount and distribution of rainfall have a considerable effect on translocation
of M from the topsoil. To exactly what extent is determined by the amount of water
leached, which in turn depends to a large degree on the growth of the plant. Therefore
the vegetative cover, as a resull of its water utilization {(mainly by transpiration) and
its nutrient uptake, is often the most important factor in N leaching. This is borne
out by the fact that by far the greatest leaching occura in uncultivated land (fallow) and
during the part of the year where little growth occurs. Under crops with a limited root
system and low transpiration, such as vines, leaching will also be higher than under
a profuse plant caver (e.g. grassland).

The main effect of the soil itself depends on its own N reserves and their minera-
lization rate. The amount of naturally occurring M in a-mineral soil can vary between
600 and 12 Q00 kgfha, Of this, approximately 10 - 250 kg/ha is given off anually under
Euraopean climatic conditions. Thus as well as the factors already mentioned, the soil's
N reserves also play an important part in the extent of M leaching. The vast majority
of lysimeter studies carried out in Europe prove that the addition of N in mineral fer-
tilizers has comparatively little influence on the amount of N leached out, An impor-
tant point about N fertilizers is that they are applied when needed by the plant, which
of course cannot occur in nature with the M {rom mineralization of the soil reserves.
According to the data on hand, less than 5% of the N added in the form of mineral
fertilizers will be leached out.

Although excessive rates of N in lysimeter trials led to increased translocation
into the subsoil, it was also proved that as a result of increased plant growth, N
leaching losses were lower in a plot fertilized with N than in the PK control.

Since M is leached out almost exclusively in the form of nitrate, and since the
ammonium added as fertilizer is converted relatively quickly to nitrate, there is
little difference in the leaching losses following application of the various types of
M used today. The time of application, however, can be a determining facter. Gaseous
M losses, in particular as a result of denitrification, can also affect N leaching in-

directly.

Discussion of N leaching leads inevitably to the question of water quality mainten-
ance and what part N leached from soil plays in the eutrophication of surface waters

and the nitrate content of ground water.

The effect of agricultural land on the nitrate content of ground water depends on
the cropping system: Vines, for instance, do not have a very extensive root system,
and there are high leaching losses from the soil of vineyards. Under permanent
grassland, on the other hand, the lowest losses have been recorded. In crops with a
limited root system it is theoretically impossible to avoid an increase in the nitrate
level of the ground water following high N application rates. This is however only a
theory, and has not yet been fully investigated. In relation to agriculture as a whole
these cases are to be regarded as exceptions, and they could possibly be improved

by new agricultural techniques.



Ag far as eutrophication is concerned, N leaching and the factors that affect it are
of minor importance, since nitrogen, in contrast to phosphate, is already present in
surface water at a concentration high enough to cause eutrophication.

To sum up, it may be said that high rates of N are applied in intensive agriculture,
but they do not usually lead to an increased N content in ground water and surface water
The reason for this is that the additional N promotes plant growth, which results in a
greater nutrient uptake, and rationalization of agricultural methods on economic
grounds ensures an adequate utilization of nutrients by applying rates commensurate
with and timed according to the crop's need.
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THE REELATIONSHIP OF SOIL AND FERTILIZER PHOSPHORUS

TO WATER QUALITY

x-

V. tor J. Kilmer
Tennessce Valley Authority
Muscle Shoals, Alabama

The stimulation of algae and other aquatic plant growth by nutrients present in natural
waters has been a durable problem. Assuming that all other growth factors are adequate,
phosphorus can be the principal nutrient controlling water fertility. Mackenthum (1965) has
stated that phosphorus concentrations in surface waters as low as 0,015 parts per million
are sufficient to support a ""nuisance growth' of algae if other conditions are favorable.
Others have reported that concentrations of 0. 05 parts per million or higher permit lush
algal growth (Sawyer, 1952; Sylvester, 1961). While it is evident that exceedingly low con-
centrations of phosphorus and other elements can support a sizeable plant population in an
agquatic environment, efforts to develop a simple and reliable technique for evaluating
nutrient supplies to aquatic plants have not been successful to date (Gerloff, 1969). Adequate
sampling is one problem. The agronomist is reasonably certain that a plant growing in soil
absorbed most of its nutrients from the volume of soil surrounding its roots. When dealing
with unrooted aquatic plant species the aguatic botanist, however, cannot be certain that
the plant has not moved from its original site of growth., The picture is further complicated
by exchange reactions between nutrients in sediment and the overlying water, as well as a
host of other factors.

It is not the purpose of this paper to set forth the arguments as to whether or not phos-
phorus is a limiting factor in eutrophication as opposed to carbon dioxide, nitrogen, or
any of the micronutrients, for example. It is well known that life cannot exist in the absence
of phosphorus. It follows that phosphorus must be present for the growth of all flora and
fauna, both terrestrial and aquatic, The concentrations of phosphorus required for accele-
rated eutrophication of surface waters, plus a description of conditions that permit phos=
phorus to be a limiting factor in aquatic plant nutrition, must be resolved by aquatic bota-
nigts and others. This paper is concerned only with the extent of contributions to the aqua-
tic environment by soil phosphorus, including phosphorus added to the soil by fertilization
practices,



A

I. MOVEMENT OF 5011 PHOSPHORUS

Geolag_ica.l Congiderations

The classic work of McHargue and Peter (1921) in Kentucky, quoted by Thomas
{1970), shows that the phosphorus in waters is directly related to.the phosphorus con-
tent of the soils and the rocks from which the soils were formed. The data in Table 1
illustrate this point very well, '

Table 1. Concentration of phosphorus in several streams and parent rock.
through which they run (McHargue and Feter, 1921).

Stream Draining
ppm P
North Elkhorn Creek High phosphate limestone 0.22
Green River Low phosphate limestone 0.07
Kentucky River (upper) Sandstone and shale tr.
Kentucky River (lower) High phosphate limestone 0.09
South Fork, Licking River High phosphate limestone 0.21
Licking River at mouth Calcareous shale 0.10
Migsissippi River, Baton RHouge Mixed 0.07
Ohio River, Pittsburgh Mixed 0.09
Ohio River, Paducah Mixed 0. E'I:?

From Thomas (1970)

Considerable phosphorus is lost during soil formation; such losses can approach
80-90% in Ultisols (Simonson, 1970). Syers et al. (1969) estimated that the loss during
formation of soils from sand dunes in New Zealand was around 1900 kg/ha over a period
of 10 000 years. The rate of loss was almost a straight line function between 500 and
10 000 years. This would amount to phosphorus losses of 0.02 kg/ha annually.

As pointed out by Simonson (1970), losses of nutrient elements has continued during
the formation of soils over countless millions of years. These losses from geologic
formations and soilas, brought about by percolating water, occurred both before and af-
ter the appearance of man on earth. They are part of a normal, continuous cycle, the
nutrients disappearing in some places only to reappear in others. This cycling of
nutrients will continue as long as the earth exists.

Distribution in Soils

Water-soluble phosphorus applied to fine-textured mineral soils is rapidly conver-
ted to solid forms that are only sparingly soluble in water. Plants apparently do not



absorb phosphorus directly from these solids, but are seemingly dependent for their
phosphorus nutrition on twe forms of inorganic orthophosphate ions in solutien, H_ PO
and HPFO ({Black, 1971). Phosphorus absorbed in this manner by plant roots arn%}untqs
to 15 to 20 kg per hectare annually. Perhaps half of this plant phosphorus occurs as in-
organic orthophosphate and almost all the remainder as various organic forms. Plant
residues thus return both inorganic and organic phosphorus to the soil. Some upward
transport of soil phosphorus is thereby accomplished by plants resulting in an accumu-
lation of phosphorus in the upper part of the soil profile. This redistribution is evident
in both cultivated and uncultivated moderately weathered soils. An example of the ver-
tical distribution of phosphorus in a soil developed on loess under grassland vegetation
in lowa is shown in Figure 1.

This accurmnulation of phosphorus in the upper portion of the soil profile assumes
considerable importance when losses of this element by erosion occur. The movement

of phosphorus with sediment is considered in a subsequent section of this paper.

Movement of Phosphorus in Solution

1. Fine-Textured Mineral Soils

The soil solution of well-drained heavier textured soils contains from 4 ppb
phosphorus for infertile soils to over 200 ppb for fertile soils (Viets, 1971). Russel
{1961) states that whether the soil is unfertilized or heavily fertilized, the concen-
tration of phosphorus in the soil solution is normally within one order of magnitude
of 0.1 ppm. Kurtz (1970) concluded that solutions in equilibrium with unfertilized
soils may contain enough nutrients to support the growth of algae. This seems to be
borne out by early explorers in the humid regions of the United States where names
such as Green Bay. Green Lake, Green River, etc., are common. It must be re—
membered that these names were given to bodies of water before settlement took
place.

The downward movernent of phosphorus in most well-drained soils is very slight
relative to the total amount of phosphorus present in soils. Many early workers
simply reported a "trace' of phosphorus removed in drainage waters because their
analytical methods were insufficiently sensitive to detect the small amounts present
(Cooke and Williams, 1971). Thomas (1970} has calculated that given a soil solution
concentration of 0.2 ppm phosphorus and a total annual percolation of 51 em of water,
the phosphorus loss would be about 1 kg of phosphorus per hectare, assuming com-
plete equilibrium between soil and percolating water. That complete equilibrium
would occur is doubtful and a total annual percolation of 51 cm of water would be
high on well-drained upland soils in temperate regions. Mevertheless, such calcu-
lations are very useful. Generally, annual leaching losses of phosphorus on well-
drained soils are less than a kg per hectare.

2. Bandy Scils

The formation of sparingly soluble phosphorus compounds in soils depends prin=
cipally upon the presence of iron, aluminum, calcium, and magnesium. Low concen-
trations of these elements, such as are found in sandy soils, can result in an in-
creased downward movement of phosphorus. The clay content of sandy soils is also

an important factor in phosphate retention,






Cooke and Williams (1970} found only one instance of phosphate lost by leaching
in England and that was in a sandy heathland soil containing only 1-2% clay. They
think it "improbable that phosphate added as fertilizer will appear in drainage water
from mineral soils containing 5% or more clay that are used for agriculture'. This
thesis is supported by the work of Spencer (1957) who studied the distribution and
availability of phosphates added to Lakeland fine sand on experimental citrus plots
in Florida. Spencer describes this soils as having an A-C profile with approximate-
ly 99% siliceous sand and silt and. 1% organic matter. Spencer found that a high per-
centage of phosphorus added as superphosphate had moved out of the surface 15 ecm
of soil, with greatest accurmnulation cccurring within a 30- to 92-cm subaoil zone.
However, phosphorus had leached to a depth of 210 cm in some cases,

There seems to be little question that the downward movement of phosphorus in
gands may constitute a pollution hazard in localized areas. This hazard is eatimated
to be about eight times greater for a sandy soil than for a clay, assuming the same
supply of available phosphorus (Olsen and Watanabe, 1970).

Organic Soils

Organic colloids also have very low capacities to absorb phosphorus. As pointed
out by Wild (1950) the absorption of phosphorus by organic matter is virtually nil.
The absorption that does occur is due to the cations associated with organic matter.
Recent work by Fox and Kamprath (1971} illustrates this behavior very nicely. The
soils studied by these workers consisted of the Ap horizon collected from a St. Johns
soil, a very poorly drained soil consisting of 90% gquartz sand and 10% organic matter,
and the surface and subsurface of a muck soil devoid of inorganic colloids. Soluble
phosphate fertilizer (monocaleium phosphate} was readily leached from these soils.
The addition of aluminum chloride (AlC1 ) which resulted in large amounta of ex-
changeable aluminum caused the almost quantitative retention of added phosphorus
{Table 2).

Table 2. Leaching of fertilizer P from a S5t. Johns soils as related to chemical
treatment and chemical properties (10 mg of P as Ca(H P432 added per

2
column) .
Fertilizer
T ; ; e Exchangeahle ;i P 22 p
reatrmen P
H Al leached e shd
- meq/100 g - - - - mg/column - ~ -
Original soil 3.4 1.92 1.63 4.6 -
Original' goil + P 14,5 0.1
H soil + P 2.5 4.95 0. 80 16.0 0
Al goil + P 3.9 0. 35 4,65 : 4,7 9.9
Ca soil + P 4.0 0,40 0.40 16.8 0
Limed soil + P 4.1 0. 55 0. 60 13.2 1.4

* Soil pH and exchangeable cations were measured prior to phosphate additions

and leaching. (Fox and Kamprath, 1971)



This behavior of fertilizer phosphorus in organic soils has resulted in proposed
restriclions relating to the application of phosphates to Illinois soils.containing more
than 20% organic matter (Aldrich), 1971).

Flooded Soils

In general, the incidence of paddy rice response to phosphate fertilizer is low.
When soils are flooded, the chemistry of phosphorus changes, ferric phosphates
being the principal compounds involved. Ferrous phosphate, a more soluble com-—
pound than ferric phosphate, ig formed through the biclogical reduction of iron as
the oxygen content of soil is decreased by flooding. A concurrent rise in pH occurs.
In addition, "free'" iron oxide coatings may be reduced and solubilized, resulting in
the release of occluded phosphates (Patrick and 1. C. Mahaptra, 1968). An example
of the effects of submergence on phosphorus in the soil solutions is shown in Table
3, These reactions are important in the phosphorus chemistry of surface waters,
although relatively little is known aboul phosphorus exchange beiween bottom sedi-
ments and the overlying water. Relatively large contributions of phosphorus to
sireams and lakes from paddy rice production can of course cccur, depending upon
the hydrology of the area in question.

Table 3. The effects of submergence on phosphorus in the soil solution.

Alr dry Submerged and sucrose
Soil ppm P Redox ppm P ‘Redox
in solution potential in solution potential
Maury 2.00 GED 3.55 - 70
Grenada 0.06 GE0 4,28 - 10

{5. Sookhakich, University of Kentucky, unpublished work)

Irrigated Soils

Information concering the phosphorus concentration in irrigation return flows
is extremely limited. Our knowledge about chemical reactions of phespherus in
soils indicates that the concentration in irrigation return flows should be very low.
The small amount of available data on the subject supports this contention. Johnston
et al. (1965) studied the fate of nitrogen and phosphorus on four tile-drained fields
in California's San Joaquin Valley. The soils drained were Panoche and Oxalis silty
clays which are deep, permeable, alluvial fan and basin rim soils, respectively.
These soils are calcareous and originally had slight to strong alkali accumulations.
The fiels studied had been farmed for over 30 years.and large quantities of commer-
cial fertilizer had been applied during that period. A summary of the phosphorus
results for 1962 are given in Table 4.



Table 4. Phoaphorus balance in tile-drained soila.

Crop 2 P added™ in drafﬁ::oﬂ f11

ha Kgfarea ge effluent
| kg/area
Cotton &0 1980 11
Cotton 29 1070 1
Alfalfa 36 75 2
iRice 19 7 10

*
Added in fertilizer and irrigation water.
(Johnson et al., 1965)

It ia evident that some losses of phosphorus occcurred, but fertilizer effects, if
any, are impossible to evaluate in studies of this kind without unfertilized controls.

Carter et al. (1971} recently reported a nitrate and phosphorus atudy on a
200 000-acre (80 000 ha) irrigated tract in southern Idaho. The concentration of phos-
phorus in the irrigation water was 66 pph; passage through the soil reduced this
concentration to 12 ppb in the subsurface drainage water. Only about 30% as much
phosphorus left the tract via drainage water as entered the tract in irrigation water.
The authors state that "irrigation decreased the soluble PO -F load if the irrigation
water containg more than about 0.01 to 0,02 ppm. The PO -F is precipitated as
water passes through the soil. Of course, if the irrigation water contains less than
that concentration of PO -P, irrigation will have no effect on the downstream soluble
F’CI'4—~F‘ load. Under these latter conditions, PO;I—P loads are unimportant. "

[I. TRANSPORT OF PHOSPHORUS WITH SEDIMENTS

Viets {1971) atates that nutricnts contained in or absorbed on sediments are the
greatest contribution of land to water. Fertilizers play important roles in this process:
on the one hand fertilizers can cnrich eroded materials; but ferlilizers can also reduce
erosion by contributing to a better plant cover and reducing the acreage of cultivated soils,
Thus, more land can be returned to permanent pasture and forests and the cultivation of
marginal land is kept to a minimum. A number of reviews have heen published dealing
wholly or in part with nutrient transport in sediments., Examples of these are Barrows
and Kilmer (1963), Taylor (1967}, Wadleigh (1968}, and Viets {1971). Hence, only some
of the more important aspects of the problerm will be con sidercd here.

A, The Enrichment Ratio

Scientists have known for a long time that eroded material frequently differs in
composition from the original soil. The loss of nutrients in runoff may be expressed
in terrns of an cnrichment ratio (E.R.). This is the ratie of that element in runoff to
that in the original soil:

Concentralion of the element in soil material in runoff
Concentration of the element in soil from which Tunoff originated

E.R.



- 'The concentration of acid soluble phosphorus in runoff tends to be considerably
higher than the concentration in the initial seil. The E, R, can vary from just above
unity to over 3, depending upon soil and site characteriatics and fertilization practices
(Barrows and Kilmer, 1963).

B, Sediment-FPhosphorus Relationships

About 3.6 billion tons of sediment are washed into U,$. waterways annually accor-
ding to estimates by Wadleigh (1968). This is the equivalent of 1.6 million ha of sur-
face soil. Wadleigh also estimates that 1.8 million tons of phosphorus accompany these
sediments into U.S. surface waters annually. While knowledge of exchange reactions
between sediment and water and the factors influencing them apprears to be extreme-
ly meager (Lee, 1970), some progress is being made toward rectifying this situation,
Taylor and Kunishi (1971) have reported a study made of the availability of phosphate
adsorbed on streambed sediment and a0il surrounding a stream in the Mahantango
watershed which encompasses 162 square miles and is located north of Harrisburg,
Pennsylvania. Their data show that in this particular watershed, the contribution
made to the phosphate burden of the stream by sediments, stream banks and field
soils is small. The study indicated that phosphate moves from the water to
the sediment, the sedirment acting as a scavenger for solubile phosphate. The
capacity of Minnesota lake bottomn sediments to remove orthophosphate from solution
was studied by Latterell et al. [(1971). Their results indicate that the orthophosphate
concentration in surface waters must be very low before the sedimenta will release
orthophosphate to the water.

Gessner (1960}, studying the turbid Amazon River, reported that when soluble
phosphorus concentrations exceeded 0.01 ppm, phosphorus was absorbed by suspen-
ded soil. It is likely that these results are generally applicable to sediment-water
syslems.

The presence of sediment in an otherwise aqueous system markedly influences
the pattern of phosphorus removal from solution by plants. When no solids are present,
plants can deplete the solulion phosphorus to a concentration approaching zero. In the
presence of sediment, exchange reactions replenish solution phosphorus at varying
rates. Black (1971} has depicted this schematically, as shown in Figure 2.

There appears to be little question that vast amounts of phosphaiea are added to
surface waters via erosion. Taylor (1967), assuming that 10% of eroded fertilizer
and soil is immediately available, estimates | to 5 pounds per acre (1.1. to 5.6 kg/ha)
annually from this source, or as pointed out by others (Vieta, 1971}, 180 000 tons of
phosphorus per year in the United States. Phosphate source contributions aredifficult
to asseas in normal aquatic environments because of the continuous nutrient cycling

that occurs.

1II. OUANTITATIVE SOIL AND FERTILIZER PHOSPHORUS
LOSSES IN SOLUTICN UNDER FIELD CONDITIONS

Relatively few experiments have been deliberately designed to measure the effects of
fertilizer use on waler quality under field conditions. Workers in U.S. soils conservation
experiment stations prior to ahbout 1940 carried out considerable research on nutrient
losses of surface runoff. Unfortunately, many included the total nutrient content of eroded
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material in their calculations which detracts from the usefulness of the data in attempting
to sulve present day problems (Barrows and Kilmer, 1963), Such studies grossly over—
cstimated losses of available phosphorus. Typical data frem an carly experiment are
shown in Table 5.

Table 5. Annual phosphorus content of runcif and eroded
rnaterial from Shelby loam, 3.6% slope.

¢ Total P
Cropping System
pping Sy g /ha
Not cultivated 22
Spaded 8 in. deep 15

Wheat annually 5
Rotation: corn, wheat, clover 1
Corn annually 4

|
|
|
I
|
Bluegrass sod i < 0.1
|
I
|

Duley and Miller (1923)

Current field studies vary widely in design and complexity. Ideally, field experiments
designed to study nutrient contributions to water from soils and fertilizers should have the
following attributes: '

- A drainage system permitting the quantitative measurement of water discharge
vaolumes (both surface and basec flow) from an area whose dimensions are accura-

tely shown.

A continuous water sampling system that takes samples proportional to flow
volume.

- Monitoring instruments for measuring nutrient inputs in precipitation and dry
fallout.

_ Provisions for obtaining nutrient transport data under unfertilized conditions.

- Facilities for preserving water samples during the period following collection
and chemical analysis,

It is difficult to include all of the foregoing in a single experiment, due to difficulties

frequently encountered in locating ideal measuring sites. For a more complete discussion
of the subject, the reader is referred to Kilmer and Joyce {1971).

A. Condensed and Orthophosphate Sources

The question is often asked as to whether condensed phosphates in fertilizers
may enter surface and groundwater more readily than the orthophosphates, the thought
being that condensed phosphates move through soils in solution at a more rapid rate.
The reactions of condensed and orthophosphates with soils has been thoroughly dia-
cussed by Huffman (1968), He states that the behavior of polyphosphate in soils is



even more complicated than that of orthophosphates, since rates of hydrolysis of
polyphosphate to orthophosphate are influenced by various soil factors, principally
biological activity. Under field conditions suitable for crop growth, the hydrolysis of
pyrophosphate to orthophosphate is often rapid, being essentially completed in 3 or 4
weeks. It is principally for this reason, plus the fact that pyrophosphate is assimila-
ted by plants less readily than orthophosphate, that the two phosphorus sources usually
behave identically from an agronomic standpoint when properly evaluated. For pur-
poeses of the present discussion, the unpublished work of E. C. Sample and F.E.
Khasawneh of TVA can be cited. Their exhaustive laboratory studies utilizing P~ and
10 different soils indicate essentially no difference in the rate or the extent of move-
ment of ortho and pyropheosphates. Thus, as far as these two forms of phosphorus are
concerned, one is no more readily lost from the soil by leaching than the other.

Phosphorus Losses from Cultivated Soils

Timmons et al. (1968) investigated the phosphorus content in runoff as influenced
by different cropping practices in Minnesota. The results are summarized in Table 6.

Table 6. Dissolved inorganic phosphorus in runoff water for various crops in

Minnesota.

' P added i 4
Cro kg/ha/yr

P | kg/ha | g/

' :

|
Fallow I 0 f 0.04
Corn--continuous | 29 : _ 0.05
Corn rotation | 29 | 0.05
Oats rotation | MN.A, Tt 0.01
Hay rotation | 0 I 0.23

|

i Average of 2 years' data.

T MNot available.
{Timmons et al., 1968)

It is interesting to note that unfertilized hay plots lost several times as much
phosphorus as the fertilized corn plots. Haylands may thus contribute appreciable
amounts of dissolved phosphorus to surface waters. Studies of nitrate and phosphorus
losses from tile-drained fields under various cropping systems were carried out by
Bolton et al. (1970) in Ontario, Canada. ‘A portion of this data is presented in Table 7.

Recent studies were conducted in Indiana to determine the amounts of nitrogen
and phosphorus removed in surface runoff from fallow silt loam plots with 5.8% slope
after applying 6.25 ¢m of artificial rain in 1 hour. Superphosphate was disked into
the soil at 0, 56 and 112 kg rates of phosphorus per hectare. Analyses revealed that
0.008, 0.047 and 0. 127 kg of soluble-phosphate were lost per hectare at the 0, 56,
and 112 kg rates, respectively (Nelson, 1971). Plowdown or other deep incorporation
of fertilizer to reduce losses of soluble nitrogen and phosphorus in runoff was recom-

mended by Nelson.



Table 7., Average annual P composition of tile drainage from non-fertilized (NF) and
fertilized (¥) continuous corn, continuous bleugrass and a 4-year rotation
on Brookston clay for 1961-67, inclusive, in southwestern Ontario, Canada.

giane % P loss F Concentration
# applied NF F NF F
----- kg/ha/yr - = - - - - -~ ppm - - - 4
FRotation
Corn (1) 29.6 0.13 0,24 0.20 0.22
Oats & Alfalfa [2) 29. 46 0.13 0.13 0.20 0.19
Alfalfa (3) 0 0.13 0.15 0.18 0.21
Alfalfa (4) 0 0.08 0.22 0.17 0.27
]
Continuous F
Corn 29.6 0,26 0,29 0.17 0.19
Bluegrass 29.6 0.01 0,12 l 0.17 0.19

Balton ét al. (1970)

Phosphorus Losses from Forested and Pastured-Soils

The transport of phosphorus in drainage from forest ecosystems is typically very
low. In some studies phosphorus may not be mentioned, in others phosphorus has
been sought butl not found (Cooper, 196%). Even spectrographic analyses failed to de-
tect phosphorus in streams draining grazed, but otherwise unmodified forests in :
Mew Mexico (Miller, 1961), Lysimeter studies in the forest-steppe zone near Moscow,
USSR, showed thatloss of phosphorus beyond the root zone was insigniflicant (Remezov
et al., 1964). Cole and Gessel {1965) measured phosphorus and other nutrients in
drainage waters in the Douglas fir region of Washington state. Clear-culting and
nitrogen fertilization accclerated phosphorus losses Lo a slight extent, even though
no phosphorus was added in fertilizer (Table 8).

Table 8. Output of mineral nutrients beneath the root zone
in unireated, fertilized and clear-cut Douglas fir forests,

Treatment M o
- kg,-"'rha. - = -
Contrel 0.21 0.01
Clear-cut 0.39 0,05
Fertilized (200 1b/acre)
Urea 0.28 0.03
Ammontum sulfale 0.43 0,407

Cole and Gessel [1965)



Clear-cutting and burning of forested areas appear to be the most important prac-
tices involved in accelerated release of nutrients. Phosphorus carried in rivers
draining forested landscapes in Finland ranged from 0.17 to 0. 27 kgfhafyear (Viro,
1953). Other examples could be cited, but the foregoing sufficiently illustrates the
typically low transport of phosphorus in drainage waters from forested soils.

Forest fertilization may present problems, particularly if fertilizers are applies
directly in or too near streams. However, Cooper (1969) considers that properly applied
applied fertilizers are probably not an important threat to water gquality.

Losses of phosphorus from pastured and grassland scils are also apt to be low
because of reduced surface runoff and minimum erosion. Unpublished data by Kilmer
et al. of the Tennessee Valley Authority showed virtually no fertilizer effect in the
phosphorus load of water draining a 5-hectare pastured watershed in western North
Carolina. Discharge waters carried only 0.03 kg/ha of phosphorus during a 6-meonth
period when no fertilizer was applied. Application of 45 kg of P resulted in an escape
of only 0.04 kgj.-"'rha during a similar period of time. Thomas (1971) reported that the
phosphorus transport was highest in waters draining unfertilized bluegrass pastures
in Kentucky compared with other land use areas of the state. He attributed this to
geological formations relatively high in phosphorus.

IV, NONAGRICULTURAL CONTRIBUTIONS OF PHOSPHORUS
TQ SURFACE AND GROUNDWATERS

The huge inputs of phosphorus and other elements to surface waters via sewage effluent
and industrial wastes have received much attention in nearly all developed countries of the
world, While quantitative data on this score are not voluminous, sufficient figures are
available to put the problem in perspective.

A.  Phosphorus in Human Wasles

On the average, humans excrete around 540 grams of phosphorus annually
(Vollenweider, 1970). In the United States, about 70% of the 214 million population
are served by municipal sewers (Anonymous, 1963). Unless treated, the potential
soluble phosph]:-rua contribution in sewage effluent from this source alone would
amount to over 116 T.hmlwd metric tons annually. Vellenweider {1970) in a report
prepared for the OECD~ gives estimates of amounts of nitrogen and phosphorus
arising from animal and human wastes in Europe and great Britain. The figures for
phosphorus are given in Table 9.

Mote that the amounts of phosphorus produced in animal wastes average 11 times
that excreted by humans. The figures are similar for the United States. However, if
handled properly, the phosphorus produced in animal wastes need not find its way
into surface and groundwater.

1_/' Organization for Economic Cooperation and Development.



Table 9. Approximat arisings of phosphorus from livgstock and human wastes in
selected European countries. Figures in 10 tons per year.

. From Fram‘ A‘.-"rB
livestock population
Switzerland 25 3 8
Austria 50 4 13
Germany 240 29 B
France 270 25.5 11
Italy 140 26.5 5.5
MNetherlands 55 6.5 9
Belgium 40 5 B
Denmarl &5 2.5 2h
Sweden 45 ! 11
MNorway 20 2 10
United Kingdom 210 28 &
Mean 11

Vaollenweider [1970)

Deterg&nts

Most of the phosphates contained in detergents are disposed of through sewage
systems. About 2252‘3}1[:' metric tone of elemental phosphorus are thus used annually
in the United States = . Figures of this nature are not at hand for other countries.
About 60% of the phosphorus in sewage effluent was estimated to derive from phos-
phate based detergents {Anonymous, 1970). Thus, the combination of detergent and
human waste phosphorus in U. 5. sewage effluent totals around 315 000 tons of element-
al P annually, compared with the estimated 180, 000 tonas of available phosphorus con-
tained in sediments.

Figures for phosphorus released in induatrial wastes are not available. For the
Lake Erie region of the U.5., however, industrial, inputs of phosphorus to surface
waters are eatimated to be about 7% of the total (Anonymous, 1970). Poasible the 7%
figure represents a maximum for all but very highly industrialized areas.

The accelerated eutrophication of U.S5. lakes and rivers is in part attributed to phos-
phorus. Government hearings were held (Anonymous, 1970) and deadlines set for the
substitution of other builders in detergents for phoaphates. The favored substitute was
nitrilotriacetic acid (NTA). Several soap companies spent huge sums of money conver—
ting from phosphates to NTA. Subsequent research turned up some unfavorable facts
about NTA, including a possible link with ::a.ncr::ril Ag a result, Washington officials
recently announced that phoesphates are at present approved for detergent use (see
MNature, YVol, 233, Oct. 8, 1971, pp 362-363).



SUMMARY

It is evident that soil erosion contributes huge amounts of potentially available
phosphorus to sitreams and lakes. The control of soil erosion is of paramount impor-

tance in this regard.

Natural losses of phosphorus from soils and phosphate-bearing rocks seem suffi-
cient in many cases lo support algal growth in surface waters. A feasible means of
mitigating the transport of phosphorus from these sources is not apparent to the
wriler,

Fertilizer phosphorus seems nol to be significantly involved in raising the phoa-
phate levels of surface waters. Indeed, there is substantial evidence that fertilizer
phosphorus contributes positively to water quality by aiding and maintaining strong
erosion-resistant vegetative cover on soils and minimizing the cultivation of marginal
lands. While some soluble phosphorus is lost from nearly all soil-plant systems, the
amounts are small and rarely exceed a fraction of a kg/ha annually. Noted exceptions

are sandy and organic soils.
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MAN'S PHOSPHORUS REQUIREMENTS

AND THEIR EFFECTS ON THE ENVIRONMENT

R.G. Cervy, S5.F.I.E.P., Paris

I - INTRODUCTION

1} The purpuse of this note 18 to examine the extent of man’s phosphorus requirements from
the angle of food requirements, The West Eurocpean area has been chosen for this study because
of &

= ite great population density;

= its generally very intensive agriculture;

= the eutrophication found there;

= the statistics available from QECD scurces,

The magnitude of phosphorated food requirements could be estimated in this area; in particular,
the supply of P furnished by meat and milk products has been the object of 2 distinet approaches
leading to the same results.

It is thus poesible to show how much man’s phosphorus requirements are characterized by their
great dimension, with inevitable repercussions on our environment., This dimension is all the
more considerable as the supply of P in the human diet invelves plant and animal production
which itself generates waste and by-products (crop residues, manure, semi=liquid manure, bones,
etc,) containing large gquantities of P and necessarily returning to the natural environment.

2} It is evident that man's phosphorus requirements cannot be met without contributing to
spreading this element . in the environment,

Food phosphorus required by man is subject te variable development; in the highly urbanized
West Eurepean area, the major part enters surface water through sewers,

3} Man is the point of passage for a gquantity of P which:

a) calls for the use of much bigger quantities of the element to permit the production of
food of plant and, especially, animal erigin;

b) then returns to the natural environment, mainly in water, with a local pressure that
rises with population density and the degree ol urbanization.

4) In conclusion, recommendations are made to restrict the polluting effects of activities

before and after human consumption, which are responsible for the growing propagation of F in
our environment, It will be absolutely necessary to rewmedy this situation.

11- SCOFE OF THE STUDY

The study concerns a group of countries with about 3200 millicn people on slightly more than
3 million sguare kilometres, with an averape density of 105 inhabitants per square kilometre.
The agricultural area (A.A.) covers 115,740,000 hectares, or 38 per cent of the fotal area.



The annual use of phosphatic fertilizers at present involves some 5 million tons of F_O , Or
more than 2 millien tons of P, Doses are small in Spain and Portugal and, to a lesser extent,
in Italy, where the climate hampers general intensification of soil development (see Table I),

II1 - USE OF FHOSPHATE FERTILIZER IN WEST EUROPEAN COUNTRIES

Phosphate fertilization is examined under two aspects = in terms of the doses of P 05 employed
per hectare of A,A. per year and according to annual phosphate fertilizer cnnsumpticn expressed
in kg of P/inhabitant/year.

First graph = The doses of P _O_ used in each country (kg/ha A.A.) are listed in the ordinate
and population density (inha%izantsfkmz} in the abscissa. For most countries (with the excep=
tion of three = Portugal, Spain and Italy), the points obtained are situated around a slightly
rising line, The three Mediterranean countries are at lower levels, about half the values for
the countries of the first group which have a population density of the same order,

This graph shows that in appropriately watered countries with a temperate climate the present
supply of PEU fha A.A, is close to the annual maintenance generally assumed in- the matter of
phosphate fer%ilization.

The Mediterranean countries show how much the handicap of insufficient or badly distributed
tainfall hampers the advent of intensive agriculture on the territory as a whole (see chart
with breakdown of Pzﬂsfha A.4.). '

It may be concluded that phosphate fertilization characterizes mainly a type of agriculture and
increases slightly with population density. In the group of intensively cultivated West
European countries, this fertilization is at two levels:

= 40 to 60 kg of Pzﬂﬁfhafyear in the central and northern areas,
= 15 to 30 kg of PEGSIhafyear in the Mediterranean area,

Second graph = Annual use of P/inhabitant, in the form of mineral fertilizers is listed in
the ordinate, while the abscissa remains unchanged,

The West Eurcpean countries fall into several distinct groups:
8) Sparsely populated Scandinavia (Finland has been included in the graph);
b) Atlantic countries grouped along a hyperbolic curve with, on the one hand, the countries
where agriculture exports products and 1s an important sector of the economy, and, on

the other hand, the highly industrialized countries;

c) Mediterranean countries grouped aleng a hyperbolic arc where, population density being
equal, the ordinates are clearly below those of the Atlantic agricultural countries;

d) central mountainous countries (Switzerland and Austria) which have isclated positicms,

IV = DIETARY PHOSFHORUS REQUIREMENTS

Recent studies have established that in Western Europe man's phosphorus requirements are well
matched by supplies in the diet.

The value which appears to be most in line with present habits is 1.5 g of F per day and person.



Supply of P/day, in g

Flaui pruducts Animal products
Bread .iovesencenass O.41 MEAL sasssssssnsssss 0,28 Fish: 0,04
Potatoes svievssanas 0,20 Milk sesvuastnensess 0029
Vegetables .iavvvae. 0,10 Cheese sivvsvannnnas Q.07
Brudib. v s divena 0048 EEER swsvinsnnensnass 0,06
0.75 Butter .*.,.....*..._0.01
0.7

Total ...,. 1.5 g of P/day

In 1966, the suggested global proportion was 0,81 g of F from plant products and 0.66 g of
P from animal products, 1t is certain that a shift has since ccecurred in favour of meat and
milk producta,

For 320 million consumers, this represents about 175,000 tons of P in one year, of which:
= half comes directly from plants,
= B2,500 tons from animal producta, and

= gbout 5,000 tons from fisheries.

V = FLANT AND ANIMAL FRODUCTION

a) Plant Production

Taking into account waste and by-products of plant production intended for human consumption
which are lost or used as snimal feed (bran, middlings, miscellaneous fodder, ete.)}, the
quantity of P mobilized annually by plant production has to be eatimated at a minimum of
150,000 tons. About one=third of this serves to feed animals.

b) Animal Production

Milk products and eggs correspond to an annual supply of:
0.43 g = 365 x 310 millions = 50,000 tons of P,

and meat:
0.28 g x 365 = 320 millions = 33,000 tons of F.

OECD statistics for 1969 on Milk and Milk Products give the following breakdown of European
dairy production:

Livestock feed ,ovvivasssasaansssssass 13,9 million tons
BUELLET sossenasssnsssasasnadasnarsnnana 43,08
Chieene: sy e s sy 1 b

Condensed and powdered milk .......... 35.06
Fludd milk iuceisisesinisisiperansy 319

(1 of 121 SRSy G ey oyt 0 s . T 1
MiecellBNEOUS «esrsasasessasnnssasssncs 1ol

116,87 million tons



1f we deduct the share of eggs (7,000 tons of P) from the first tonnage (50,000 tons) and if
we include only cheese, fluid milk, cream and one=third of proceased miik in human consumption
(based on a content of 0,9 g of P/kg of milk), the quantities of P furnished and used are in
equilibrium, at about 5 .

The OECD meat statistlcs for 1969 lead to the same conclusien,
Thirty-three thousand tons of P, with an average content of 0,15 % of P, correspond te the
ucilization of 22 million tons of meat., The OQECD statistics give a total consumption of

21,718,660 tons (for a production of 20,720,000 tons).

VI - PHOSPHORUS REQUIREMENTS OF ANIMALS

Dairy and epgg production poses the principle of a transformation of vegetable feed phosphorus
into animsl product phosphorus, While excellent methods of animal husbandry permit a coefficient
of phosplwrus utilization close to 2, it would seem preferable to take 2.5 as the average
coefficlent, that is, 125,000 tons of P were distributed to animals (female dalry animals and
laving hens) to meet thelr production requirements; malntenance ratiens have to be added to
this fipure.

The annual consumption of about 22 million tons of dressed carcasses furnishes aboutr 33,000
tons of food phosphorus; but to obtain this quantity, the animals require mich more considerable

supplics during thelr life.

1) Poultry production: 2,970,000 tons

r woipht of PP of live andmale ...scsvecnsrsnsssnasansusnsansannsnsnanssnsasa 35,000 tons
- weight of alimentary P required: 4,200,000 tons (yield 70 )
% 2.5 % 0.007 (P content of Eeed) cesaicissinsasinassrsassasninnanansanasas 73,000 cons

This means that a chicken fixes about half of its P intake in its body; the major part =
more than 30,000 tons = is to be found in the bone tissue and waste products,

2) Meat production (see Table II)

Te simplify estimates, beef and veal are Included in one figure = 7,220,000 tons = and
average slaughter weight has been fixed at 500 kg with a vield of 60%,

Such an ox or cow concentrates about & kg of P in its skeleton and has about 1 kg in the
other parts of its body. On the West European scale, this means 96,000 tone of P in the
bones and 25,000 tons of P in the other tissues, of which more than half serves human
consumption (meat + offal).

But 6,600,000 tons of carcasses call for a utilization of P which may be put at

12,5 kg up to a weight of 400 kg
and 2.5 kg to increase the weight from 400 to 500 kg

total 15,- kg,
or 330,000 tens of P for 22 million head.



3) Pig production

Estimates wade on & comparable basis show that a 100 kg plg receives 1,200 to 1,300 g of P
in its feed during its life; it assimilates about half of it, and 450 g are in its body when
slaughtered.

Applied to Eurcpe as a whole, this gives a minimum of 150,000 tons of P involved in pig feed,
of which 50,000 tons are later found, about three=quarters in the bones and waste products
and one=quarter in the edible parts,

A considerable percentage of bones from meat for human consumption is used by various
industries. In France, it may be estimated that more than one-third of the bones 1s collected
in this way = 175,000 tons, out of & production of 1,600,000 tons of carcasses with about
500,000 tons of bones. Phosphorus recovered in this way totals 4,000 tons and is used mainly
in the uanufgcture of animal feed.

The same proportlon applied to Europe gives 21,000 tons of P, that is to say two-thirde of
the bones of slaughtered cattle cannot be recovered, and one-third of the remaining third is
also lost:

96,000 x i
3

3
VII = PHOSPHORUS CARRIED AWAY IN SURFACE WATER AND OTHER LOSSES

£ 21,000 tons of P,

We still have only very incomplete information on the subject. According to old estimates

and on the basls of some seasonal data on P content in rivers, the quantity of P from French
soil swept toward the sea in solution may be put at 7,000 to 10,000 tons a year. This

tonnage would indicate 0.045 to 0.067 ppm of F in surface water while its content in rural
areas generally ranges from 0,07 to 0.1 ppm. This would mean that two-thirds of the F content
in surface water are due to runoff and drainage, in areas free from pollution by agglomerations
and industries. ;

For the whole of Europe, which is 5.5 times the size of France, this would amount to a loss
of 38,000 to 55,000 tons of P per year.

Estimates will be on firmer ground when all analytical results for 1971 are known.

If we put the average duration of human life at 60 years, 5,000 tons are concentrated annually
in cemeteries and necropelises,

But the biggest losses of P are undoubtedly due to the following two factors:

1) Non-recovery of bones, their dispersion and that of the waste materials of human nutri=
tion in our environment: discharpe, parbape, direct-to-sewer drainage, etc. This involves
about 180,000 tons of P a year, over which no control is possible at present. We can express
this tonnape in a figure but we know nothing about its subsequent activities except that they
doubtless act as various causes of pollution.

2) It is impossible to return Lo the soil the entire quantity of P contained in animal
excrements, It is very difficult to make a division between phosphorus actually reused in
organic manure and phosphorus lest. [t has already been established that strong animal
concentrations are responsible for abnormally enriching underground water with nitrates,and one
can even now put forward the principle of a policy of hygiene in view of the fact that the
phosphorus of animal production forms a much bipper quantity than of urban agplomerations.



Vil. JVERALL FHOSFHORUS BALANCE=SHEET (Table 111 and Diagram of phosphorus circuits)

We are going to omit the quantities of P used for non=food crops (tobacco, timber, textiles,
oilseeds, flowers, ornamental trees, etc.). Nor has it been possible to consider the result
of the grain import-export balance-sheet or imported food produce.

Plant production for human consumption corresponds to an exportation of 150,000 tone of P a
year, or an absorption of 200,000 tons; 1t may be estimated that the supply of P to meet this
requirement must be close to 250,000 tons.

Animal production represents annual requirements of some B05,000 tons of P:
(875,000 - (50,000 + 20,000)/.

If this tonnage is to be present in the plant products feeding animals, a winimum of 1,000,000
tons of P must cover absorption by plants, that is, the supply of P to the soll must be
1,250,000 vons, in wiew of the dynamle of phosphorus in the soil,

Total annual supplies therefore should be of the order of 1,500,000 tons, trom which we may deduct
the quantity of P returning to the soil through animal dejecta (200,000 to 300,000 tons).

A purely static examination of the quantities supplied (2,000,000 tons) and required
(1,200,000 to 1,300,000 tens) might lead to the conclusien that phosphorus supplies are
adequate at present.

In actual fact, phosphate fertilizer has to be considered mainly under another two aspects:

1) P is an element indispensable to life, and one necessarily has te put supplies somewhat
above the strict level of requirements. This is particularly true of animal production; the
raintenance of productive and fertile livestock necessitates an excellent level of phosphate
fertilization. The 1939-45 period showed the grievous consequeoces of inadequate phosphate
fertilization.

2) The supplies of P established according to exportation by crops could not meet the
requirements of plant production. The periods in which plants draw phesphorus do not coincide
with those in which this element is easily available in the soil {use in winter and at the
beginning of spring). At no time should phosphorus supplies in the soll be a limiting factor
of production. Moreover, adequate supplies of P in the soil make for faster development of
plants, for better resistance to cold, and for better defence against parasites, especially
those attacking the rocot system.

Attention should alse be paid to the particular levels phosphate fertilization must reach in
soils poor in P 05 (fertilizer for recovery) and in soils that rapldly insolubilize P,0s
(caleareous noiis, highly acid soils, soils rich in Fe and Al).

Under these conditions, it would be out of the question to limit phosphate fertilization in
Europe to the theoretical requirements of 1,300,000 tons of P per year. Besides, there are
other types of non=food production which account for 100,000 tons of P a year.



I¥ = CONCLUSIONS

Man has increased the biomass of the ecosphere, especially in Western Europe.

The movement of P has been intensified and apeeded up, above all owing to the importance
of animal production in our nutrition.

In the area under review, 175 000 tonsg of P per year are necessary for the existence of
320 million people. The share of food phosphorus directly from plant production meets
half of these requirements; it corresponda to the mobilization of 200 000 tons of P which
call for 250 000 tons of P a year in the soil.

Vegetable foods involve excellent utilization of P: of 3 parts of P employed,
-1 goes into human food
= 1 returns to the soil
- 1 is lost or is fed to animals.
But animal production is another matter. It is mainly responsible for the circulating ton-
nage of P and for the dispersion of considerable quantities in the natural environment,
Of 10 parts of P emnploved, .
-1 goes into human food
= 3 return into the soil
- 6 are lost in the environment.

The few data available to us seem to show no direct influence of very slight direct influence
of phosphate fertilization on the P content of surface water,

In France, 7 000 to 10 000 tons of P are carried from the cultivated areas to the sea. This
is a very small guantity compared with the hundreds of thousands of tons supplied by ferti-
lizers. Cultivation techniques might be suggested to reduce losses by drainage and runoff.
They would result in a saving of only a few thousand tone at most, which is very little in
relation to the other agricultural factors in the spread of phosphorus (about 2%).

Despite imperfections and inaccuracies {of which the author is well aware), this note
finally intends to point up the considerable import of animal production in the various
processes spreading P in our environment — probably more than 700 000 tons of P per
year (see diagram "P circuit"). New studies might provide recommendations or solutions
to prevent the development of animal production from progreasively aoiling our environ-
ment.

Man is using rivers to dispose of the waste products of his biclogical, domestic and indus-
trial activities which contain phosphorus. As this pollution is very frequently due to point

gources, it should be possible to provide remedies by intervening where necessary.

But the character of animal production is another matter. Production is highly dispersed
over a very large area and should be subjected to rules on:

Animal husbandry

1} Regulation of strong and stable concentrations of animals in small areas (open housing,
feedlots) becausc penetration of P in depth must inevitably cause abnormal enrichment
of underground water;



2) the need of treating the wastewater of industrial stock-raising before it reaches sur-

face water;

3) trying to spread the dejecta of livestock on areas of sufficient size for reuse of P by

plant production, without miscalculation;

4) use of concentrated dejecta (poultry droppings and litter, dried mixture of liquid and

solid manure) to produce organic fertilizer for marketing.

Slaughter-houses and canneries

Recovery of all bones and waste products for use as a source of mineral elements (animal
feed and fertilization).

Consumption

1) Separation of bones and food waste to prevent them from reaching surface water;
2) likewise, the ashes of incinerated household garbage must not be left to chance; pre-

cautions must be taken so that they will not become a source of pollution replacing
the pollution that was to be avoided.



1969 and 1969-1970

Table I

il v I ol el el DR iAo Y
(000 hal

AUSTRIA T 175 0on 24 Qoo as 2 779 ha 144 500 62 BOO t 52 kg 8,3 kg
BELGIUM 4AND LUXEMBOURG| 9 990 DCO 33 100 a2z 1 834 143 100 B4 4905 B1 £,45
DENMARK 4 910 000 4¢3 Coa 114 3 023 126 900 55 200 a2 11,20
IRELAND 2 500 000 70 300 41 4 585 169 100 T3 500 ar 25,50
FRANCE 50 3oo ooo 554 500 91 29 234 1 710 200 T43 600 58 14,80
FED. REP. OF GERMANY 50 @00 D00 248 noo 245 13 5494 856 600 372 400 £1 6,20
ITALY 53 200 000 301 00Q i 15 557 485 200 211 407 3 4
NETHERLANDS 12 900 0a0 331 S00 385 2 239 107 s00 45 ToO 48 3,6
HORWAY 3 850 oOO 324 000 12 1 ooo 54 Qo0 23 500 5& 6,2
PORTUGAL # 860 Q00 82 goo 94 -4 130 60 900 25 500 15 2,8
SFAIN _ 33 000 000 507 Cod 65 20 725 395 000 171 700 19 5,3
SWEDEN T 200 0o 450 000 17 3138 139 200 §0 500 44 Tl
SWITZERLAND 5 400 000 41 300 155 1 100 50 300 22 100 46 3.6
UNITED KINGDOM 55 500 00O 244 0o0 227 12 405 469 600 204 200 38 3,T
TOTAL or AVERAGE 317 T8s ooo | 3 022 Too 105 115 T40 4 918 700 2 133 3500 42,5 6.7
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Table II
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(UANTITIES OF P EMPLOYED FOR HUMAN FOOD (tons)

{320 million inhabitancs)

Table III
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SORPTION AND MOBILITY OF POTASSIUM IN SOILS

H. Criome

Landwirtaschaftliche Forschungsanstalt Blintehof, Hannover

Introduction

There 1B a close correlation between acrption properties of soiles and the mobility
of K in soils. A Boil that adsorbe K very tensciocusly has a low K condentration in the
801l solution. K mobility ies thersfore also low, ag the tranelocation of ions over
longer distances in a soil takes place in the agqueocus phase. Thie is true for both
diffusion and convection.

Only convection appears to bs involved in the lomg-range iransport of K, as for
instance in the translocation down a profile, whereas diffusion plays an important part
in ths supply of K to plant roote under conditions of rapid uptake.

K bonding sites in solls

Soils are ion exchangers, as they carry a net negative charge (there are exceptions,
howavar) . The soil minerale and organic matter both contribute negative charges, which
are balanced by inorganic cations, among them K.

The greater part of the inorganic negative charge reeidas at the cley minerale in the
clay fraction. The contribution of the gilt fraction ie comparatively emall because of
ite low surface area and low charge per unit weight (fine gilt ~2 1/3, medium silt ~J 1/10
of the C.E.C. of the clsy fraction).

Except in sandy eoils, organic mattier playe only a negligihle role in the sorpiion
of ¥ because of ite low K selectivity and its preference for H and multivalent cations
(WEMETH et al. 1970, NEMETH &.CRIMNIE 1972). In most of our arable soils the elay
fraction is made up of mica—derived illite and its weathering products: expanded illite,
vermiculite, montmorillonite and pedogenic chlorite. Theee different clay minerals do
not exist as separate entities in the soil but as a result of the weathering process the
properties of all the above mentioned clay minerals can be found in one clay particle
(Figure 2) . During weathering the illite particle looses some of its interlatiice K
which is replaced by other cations which because of the higher hydration energy of thess
cations leads to an expansion of the clay lattice. The interlayer space now takes part
in ion exchange reacticnse . On addition of X ions to the goil the latiice collapees
again and the added K is fixed in a rather immobile form. If the =oil solution containa
Al-ions, these too, will occupy exchange positions in the interlayer space and eventually
they polymeriza to Al-hydroxo—polymer cations which are no longer exchangeable and act
as props preventing the collapse of the clay sheets on addition of K. But these polymer
interlayers are imperfectly built so that holes and channels remain through which cations
of appropriate size can diffuse into the interlayer space (Figure 2). Such a soil-clay
has exchanged positions of very different quality especially as far as K is concerned.
The planar sites are accessible to any cation and show, if at all, only a slight preference
of ¥ over other cations. The interstitial positions show alrsady some K selectivity. The
edge and wedge sites have a high K selectivity because only ¥ fits snugly into the
hexagonal holes of the tetrahedral layer and because the hydration energy of K is low
enough to be overcome by the electro-static forces beiween cation and negatively charged

clay layers.



K saturation as a factor of K mobility

The K seleotivity of a clay mineral can be expressed in quantitative terms as
selectivity coefficient., (Capon's equation is mostly used to calculate the selectivity
coafficient:

Ku. = k Ic'I _1/
Ca, + Mg Ca, + Mg,

Figure 3} shows that the K selectivity is dependent on tha K saturation of the eclay.
Obviously a certain K eaturation of the exchange capacity is required to have all K
salactive sites occupied with K ioas. Below a certain K saturation the selectivity
coefficient inoreases rapidly indicating a high preference for K over Ca + Mg and
correspondingly a low K concentration in solution, which is of practical consequence
if one wants to estimate K availability to plants or K mobility in the soil.

It is interesting to note that montmorillonite does not show a significant change in
K selectivity with changing K saturation and that over the whole range the selectivity
coafficient im mignificantly lese than for illite. This is due to the fact that mont-
morillonite has only planar exchange sites (Figure 1) and does not collapse on addition of
Ky because of ite low surface charge density. In contrast to montmorillonite chlorite
clay exhibits a very high selectivity which is probably the result of an unusually high
proportion of wedge sites. At a given K saturation a mentmorillonite scil has therefore
& higher K concentration in the poil sclution than an illite soil and hence K mobility
is higher, whereas the reverse is true for soils with chlorite as dominant clay mineral.
Figure 4 demonstrates that the same relationship holde for ecils, which usually contain
a mixture of clay minerals.

From the foregoing it appears that K saturation is an important factor determining
the behaviour of ¥ in smoils. The lowsr the ¥ saturation the more tightly K is held by
the soil, @o that the K concentration in the soil solution ie low and hence the K
mobility in the soil is low %oo0. This would mean that at a given content of exchageable
K a sandy soil {low inorganic exchange capacity) has a higher K concentration in the soil
golution than a loam or clay soil. Figure 5 demonstrates that this is indeed the case.
Thersfore, in heavy soils there is much less K loss through leaching (Tab. 3}, and a
substantial downward movement of fertilizer K would occur in a loam soil only at much
higher doses than in a sandy seil.

It io rather inconvenient to have separate regressions for eoach texiural class of
soils, We therefore prefer to plot K saturation of the inorganic axchang? capacity
instead of exchangeable K content. Then only one regression line is obtained and it is
possible to estimate the K concentration in the soil golution if the K saturation is

known (Figure 6).

Vertical ¥ movement in soilse

Unfortunately it is not as easy to calculate the K movement down & profile even if the
amount of water moving downwards were known, because at a given K saturation the K
concentration varies also with water content (Figure 8). Under conditione of unsaturated
flow the concentration will be higher than given in Figure 6, however, the amount of water

1/ Ky Ca , Mg, = exchangeable cations (me/100 g)
Kiv Cay, Mg, = cations in solution (mole/1)

g/ It should be stressed that only the inorganic exchange capacity has to be
taken into account when calculating the K saturation of a soil.



percolating through the profile will also be appreciably lower, B0 that the overall vertical
E movement might Btill be lower than at or sbove field capacity. However, the faoct still
remaina that mobility depends on the K concentration in the soil solution becauee tranaport
Will take place in the aguecue phass. In moving downwards the soil solution will paes
through horizons with K saturations different from those of the top soil so that a continuous
aquilibration process will take place during the downward movement and the K conceatration
will continuously change. The composition of the leachate will correspond to the K
gaturation of the last layer of so0il through which it passes. Ag the K saturation in the
subsoil is nearly always lower than in the surface layers the soil solution is gradually
depleted of K so that the drain water has usually a rather low K concentration.

In Figure 7 the K concentration at different depthe of 3 profiles (one unfertilized)
is given. In the highly fertilized as well as in the K deficient soil the K concentration
becomes more or less the same below the depth of 1 m, which means that in three of the
profiles about the same amount of K would be leachad, if the same amount of water would
percolate through each profile irrespeciive of fertilizing practice, only the sand would
guffer significant leaching lossas. bgsuming field capacity and knowing the smount of
percolating water and K concentration of the soil solution one can make an approximate
estimate of how much X will move out of a soil layer (Tab. 1). It is obvious that more K
will be leached out of a fertilized plough layer ihan out of a subsoil.  High applications
of ¥ fertilizer will repult in a gradual increase in K saturation of the aubsoil. From
the point of view of plant nuirition this is rather a desirable procese as an enrichment of
the subscil would ensure a sufficient nutrient supply during times of drought when uptake
from the dry top layer is severely restricted (CRIMME et al. 1971). This is, howaver,
also a very slow process as after 50 years of fertilizing practice the subsoils of our arable
goils have £till a considerably lower K saturation than their plough layers.

This theoretical reasoning is confirmed by lysimeter experiments, which show leaching
of ¥ out of the plough layer, but this K is retained in the sBubscil which loosss only small
amounts of K corresponding with its lower K saturation (Table 2, VOMEL 1970).

A further interesting fact emerges from Tab, 2: leaching into the subsoil is less
when the scil is fertilized. Evan with 240 kg Kzﬁfha K movemant into the subsoil was
nearly 3% less than without ¥ fertiliszer, if thers was an adequate H—supply. Similar
results have bean obtained by JUNZ et al. (1970) who alse found in their leng term
lysimeter trials that fertilizing practice has an important influence on the downward
movement of ¥ in soils (Tab.3). Especially N supply is of importance here. On well
fertilized soila higher yields are obiained, more nutriente are taken up and more water
is consumsd, $0 that as a result less nuirienta are translocated to deeper layers. The
pH of soils exerts a considerable influence on K mobility, because at a given K saturation
the K concentration increases with decreasing pH (NEMETH a. GRIMME 1972). L5 a consequence
leaching lomses increase substantiially with decreasing pH ( KRAUSE, 1965, Tab. 4}. Under
arid conditions there are of course no leaching losses,unless irrigation is practiced and a
surplus of water over the actual consumption is spplied but galt accumulation in the top
soil. Hera the same principles apply as for the downward movement. Bowever, thers is an
accumulation of the more mobile ions, sspecially Na.

K concentration in surface and groundwater

Thers is only littile information available on the K concentration of surface and
groundrater. Put from our knowledga of the behaviour of K in soils one would conclude that
with the exception of sandy scile thers is no influence of K fertilization oan water
composition. The K content of ground and surface is depsndant on the chemical and mineral-
ogical properties of the soil and their parent material (TOTH A., 1969). The K content of
water from land drains is usually in the order of 0.1 me/l or less (WILLIAMS 1970, KLETT 1965) .

Because of K enrichment in the top layer from fertilizer substantial amounts of K may
be erported from the fields by erosion. Put most of this K will be bound within the soil
particles or in exchangeable form. On dilution the K concentration in the agueous phasa



of a suspsnsion will decrease rapidly and the initial difference between moils of different
E saturation becomes negligible (Flgure B), so that no important increase of the XK concentra=~
tion of d.tches and rivers by erosion is to bs expected, because of this dilution factor.

Conclusionsa

There is little danger of fertiliser K being carried inte groundwater and surface water
from arable fields with the exception of heavily fertilized eandy soile.

Although there ims so far no indication that K contributes to entrophication avoidable
exrporta from the sgricultural land should be avoided, This can be done by adopting soil
and crop management practices that aveid unnecessary lossest erosion control by cover
crops, balanced fertilization for high yields, despending of the plough later to incresse
water capacity (less drain water), pH control, spring application of fertilizers on sandy
noils (leaching losses occur during winter and early spring).
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Table 1

Calculated K loss (kg/ha) through leaching at different K
concentrations in the soil soclution and different amounts
of drain watar

drain water (mm) 100 200 300 400
K—oona.ma;‘rl
0.05 4 é 8
0.1 8 12 . 16
0.5 20 40 60 80
1.0 40 80 120 160
Tabla 2

Leaching of K from different depth of a profile under cats with
different N and K applications (Vdmel, 1970])

Treatment K leached, kg K,0/ha
kg N/ha kg K, 0/ha from 26 cm from 50 cm
fallow o o 51
oats 0 ¥ 55
oats 59 123 45 13
oate 117 182 51
oats 176 240 41
Table 3

K leaching in two soile with different fertilizer applications
(Jung a. Dressel 1970)

Treatment Leaching kg Kzﬂfha

Sand

. / &/

PK 100/250 kg/ha
NPK  100/100/250 kg/ha
Loam

0

NPK  80/80/120 kg/ha
NPK  160/160/254 kg/ha

5B

WL
.
wunDoD




Figure 1.
Figure 2.

Pigure 3.

Figure 4.

Figure 5.

Figura 6.

Figure 7.

Figure 8.

Table 4

Influences of pH on leaching losses of K (Krause 1965)

mg [/ lysimeter)

3.8 T:5 15 K application mg/100 g
pH
4.3 54 224 650
5.1 24 100 400
6.4 15 61 250

Figure legends

Model of illite and ite principal weathering products
Modal of typioaml olay mineral im an 1llitic eodil

Relationship between K saturation and selectivity
coefficient of different clay minerals

Relationship between K saturation and selectivity
epefficient of soils

Correlation between exchangeable K and K concentration
in soil solution

Correlation between K saturation and K concentration
in soil solution :

VYariation of K concentration with depth in 4 profiles

Effect of dilution on K concentration.



Fig.1 Different types of 3 layer clay minerals

edge exchange positions
interlattice positions

o/

illite

planar exchange positions

vermiculite,
\ i :
montmorillonite

,G) O o sl )

\ chlorite
~ intergrade

Al-hydroxo-polymer interlayers



Fig.2 Exchange positions on a clay mineral (partly expanded
and chloritised illite)
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SOIL AND WATER MANAGEMENT TO CONTROL PLANT NUTRIENTS IN
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S0IL AND WATER WANAGEMENT TO CONTROL
PLANT NUTRIENTS IN NATURAL HﬁTEESlf

Introduction

The present concern about our environment is only a new chapter in a story that goes
back many hundreds of years. Archeologists and historians have recorded data that show
that man han exploited natural resources for centuries. Some authors have related the
downfall of nations to the exploitation of the soil, wnter, and plant resources. In apite
of all of these statements that have been made in the past, advances in science and
technolory hawve allowed us to produce more food and fibre and enjoy a higher standard of
living today than at any other time in the histery of civilisation.

We hawe much to learn abouwt the nature of envirormental conetraints. We often
disasree about the permissible levels of noirient concentration in water and about the
effects on the environment of some forme of production and consumption (COratto, 19?1}.
This uvncertainty forces us to make decisions without hawving a clear idea as to the outcome
of our actiona.

Evidence is awvailable to show that excessive use of plant nutrients can be one of
the sources of nutrient enrichment of natural waters. Thiaz is eapecizlly true if poor soil
and water management practices are followed and if fertilizers are applied without regard
for the hazard of water pollution. But there is no doubt about the technical feasibility
© of preventing serious desradation of our water supplies. In fact, the prospect of belng
able to improve our envirenment is mood.

Methods are awmilable that can be used to keep'plant rnutrient losses due to runoff
and erosion from rural and uwrban areas at an accepiable level. By applying what we
know, we can make great strides in reducing pollutants in water supplies.

Arriculture is facing a formidable challenge. We must produce more food and fibre
to feed, clothe, and vrovide shelter to millions of additional people in the years ahead
and at the same time keep asriculture's contribution to water pollution to a minimum.
HWe must, and we can, maintain a standard of quality of our soil, water, and plant resources
that will be beneficial to present and future generations.

Tr. Worman F. Borlaug told the opening meeting of the 16th Governing Conference of the
Food and Apriculture Orsanization in Rome a few months ago that if asgriculture is denied
ite use of fertilizer then the world will be doomed, not from chemical poisoning but from
gtarvation (FAO Wews, 1971).

Unfertilized soils no longer can provide the food necessary to meet the needs of
expanding populations (Nelson, 1972). Today's populations have so expanded that foed
demands can be met only by use of chemical fertilizers. Without continued use of
fertilizers, most developed nations of the world probably would be unable to feed even
their present populations and certainly not at the accustomed dietary standards that are

lf A. A. Klingebiel, Director, Soil Survey Interpretations, USDA, Soil Conservation
2 Service, Washington, D.C. Prepared for FAO Conference on the Effects of Intenaive
Fertilizer Use on the Human Environment, Rome, Italy, January 25-28, 1972.



heavily dependent on protein. Dewveloping countries are even more dependent on use of
chemical fertilizers since food supplies in these countries already are nutritionally
inadequate and populations are increasing much faster than in the developed regioms. To
use larger amounts of plant nutrients without some nmuirient emnrichment of natural waters,
especially where a high potential for pollution existe, will require proper soil selection
and the uese of good soil and water management practices.

Hgh-ylelding crop varietles much more than native varieties require large amounte
of plant nutrients, along with pesticide control, adequate water, and improved management.
In developing countries, a rough rule of thumb is that 1 ton of plant nutrients will
produce about 10 tone of cereals or enough to provide 2400 calories daily to 40 people for
1 year (Nelson, 1972). The increased yields ascribed to fertilizers, however,have been
made possible only through combining fertilizer use with a complex set of other inputs and
improved farming practices (Kellogz, 1960).

Each dollar spent on fertilizer in the U.S. brings a return of about $2.50. Thie is
relatively large in relation to returns achieved from most other inpute (Nelson, 19?2)'. As
a substitute for land, 1 ton of plant nutrients on the average is equivalent in production
to about 3.8 hectares (Ibach, 1966). Fertilizer substitutes for labour also since higher
yielding crope increase labour requirements only a small amount per hsctare. Fertilizers,
a8 a result, have had a major influence on American agriculture and on the American economy.

What would be the effect if fertilizers were not uesed on selected crops in certain
gtateg in the U.S.; for example, say cotton in Texae, wheat in Kansas, or corn in Iowm
(viets, 1971)7 FEliminating fertilizer on cotton in Texas in 1964 would have required an
aoreare lnerease of 28,79 to sustain production., FEliminating fertilizer on wheat in
Kansas in 1964 would have required a 20,3% increase in acreage the first year to maintain
production. To have prohibited fertilimer use on corn in Iowa in 1964 would have required
a 29% acreaze expansion to maintain production. Fertilizers substantially reduce our land
meeda for crop production. The use of fertilizer on the better soils where erosion
hazards are minimal permite leaving the poorer soils in permanent grass or tree cover.

Great concern hag been expressed over nuirient buildup in etreams, lakes, rivers,
and reservoirs, not so much because of the increased nutrient concentration per se, but
because of its possible promotion of undesirable srowth of algae and other aguatic plante
(Stanford, Fngland, and Taylor, 1970). In this connection nitrogen and phosphorus are
commonly regarded as being of primary importance.

Returning all cultivated land to grass or trees would not eliminate erosion or
nutrient runoff. WNatural geologic erosion and eutrophication took place on wvirgin lands
long before they were disturbed by man (Wadleigh and Britt, 1969). Soils developed from
alluvium and also large deposits of lowland peat are evidence of the direction and power
of these natural forces.

The belief that nitregen and phosphorus are the nutrients that control or 1limit the
growth of alpae and other aquatic life including fish has foocused much attention on these
elements (Stanford, England, and Taylor, 1970). Other nutrients are generally considered
4o be present naturally in sufficient quantities for optimum growth, although molybdenum
may be an exception. However, not enough is knowm of the nutritional requirements of algae
or phytoplankton and how these requirements are influenced by factors such as temperature,
light levels, carbon dioxide and oxygen supply, and acidity. Over 40 species of algae
fix nitrogen. Furthermore, nutritional and environmental requirements of algae may vary
even among mpecies. We know little about molybdenum levels in water, but it is known
that molybdenun is essential in the normal life processes of micro=organisms, higher plants
and animals (Sauchelli, 1969}. Recent studies indicate that nitrate absorption is hampered
by the absence of molybdenum Iviata and Hageman, 1971).



An evaluation of the conflicting evidence on the sources and role of fertilizer
nutrients in water pollution requires an understanding of the balance between nutrient
additions from soil and fertilizer and withdrawals as affected by cropping systems, soil
conditions, and management and climatic factors, especially water (Stanford, England, and
Taylor 1970). The chemical composition and biological properties of water in & flowing
stream or lake are influenced by various soil and geologic materials., Runoff from adjacent .
land, seepage from underground strata, runoff from feedlote and barnyards, domestic sewage,
and waste water from industrial and food processing plants are all potential sources of
nutriente that affect the quality of water.

Because nitrogen compounds are highly soluble, many people have associated the rapid
expansion of fertilizer use with suspected increases in nitrates in water; but they are not
nacessarily related. Besides the nitrogen added to soil in the form of fertilizers, one must
coneider the organic matter in the scil and the rate at which this organic matter is mineral-
iged, Atmospheric nitrogen is fixed either eymbiotically or non-symbictically. The nitrogen
involved in crop utilization and leaching, the nitrogen fixed by algese and by mioro—organisms,
the nitrogen aseimilated by micro-organisme, and the nitrogen returned to the atmosphere
must all be accounted for if a record is to be made of the source of the nitrate in water.

When plant nutriente are applied in proper amounts and there is ample moisture for
crop growth, there should be wvery little, if any, nitrate or other nutrient losseas from
the root zone by leaching (Garman, 1969). It is reasonable to expect that where orope are
harvested and pood conmervation practices are followed the nitrate loss from farming should
be no greater than the amount loet from foreste or grassland.

Althoush some concern has been expressed about possible increases in the pheoephorus
content of wateras becauae of greater phosphorus fertilizer use, other phosphorus sources,
particularly detergents and effluent from mewage disposal systems, may be far more
significant (Stanford, England, and Taylor, 1970).

When phosphorus is added to the soll in the form of fertilizer, it ia rapidly immobil-
- ized on claye or precipitated as ealecium, dron, or aluminum phosphates (Stanford, Fngland,
and Taylor, 1970). Because of low solubility the loss of fertilizer phosphates in water is
not mignificant, especially in relation 4o the muantities released from municipal and
induntrial wastes. Fhoaphorus additions to water bodies from agricultural lands are almost
wholly apsociated with erosion. Thus erosion control practices, with use of fertilizers to
provide good plant cover, may reduce rather than increase water pollution from phosphorus.

There has been little concern about the increased use of potassium fertilizers because
there are no indications that potassium enrichment of waters enhances algae growth
(stanford, England, and Taylor, 1970). The influence of calcium, magnesium, and sulphur
additions on chemical composition of water is negligible in comparison to the effects of
soile and their parent materials on water quality. Micro-nutrients, excepting boron
applied as fertilizer, have 1ittle tendency to migrate in the soil and can be ignored in
consideration of water quality.

To solve some of the environmental problems facing ue today we need to know more about
what is happening. We need to be able to identify the source of nutrients that get into
water supplies. We need to know more ahout those factors that influence the growth of algae
and other undesirable plants. We need to know the tolerable levels of concentration for
all kinds of matter and energy that are relevant to managing the environment, and at what
levels of concentration the pellutants are harmful to humgna and to animale. Research can

provide the answers.

To summarize briefly some of the data presented in this paper: it is evident that
rural sources of pollution are sediment, plant nutrients, and animal wastes. Nitrates
dimsolve in water and are carried by surface flow to streams and lakes and by percolating
water to underground aquifers. Contamination of water can result if soil enrichment by
nitrogen greatly exceeds the crop demand, It is evident that phosphorus and pesticides are



removed in surface water by eoil erosion and that erosion control measures on farmland
will minimize this potential source of pollution. Erosion from well-managed graes and
wooded areae is negligible. Therefore, in farm areas the greatest attention needs to be
glven to reducing runoff and ercsion from socile in row crope.

Non—rural sources of nuirients are recognized as major water pollutanta.

Factors Contributing to Plant Nutrients and Pesticides
in Streams, Lakes, and Groundwater

Potential nutrient additions from farmland: In determining the source and amount of
plant nutrients that may reach surface and underground water supplies, it 1ie necessary
that the potential sources of pollution be identified and carefully evaluated. '

There are numerous recornized sources of water pollution by the nutrients nitrogen
and phosphorus. Under selected circumstances any one of these sources could be a
pignificant contributor to water pollution.

In trying to find answers to the water pollution problem, some writers and speakers
have placed the major blame on increased use of chemical fertilizers and hawve overlocked
the numercus other sources of pollution. MAs stated earlier, a certain amount of recycling
of mitrients takes place every day in nature repardless of what we do or don't do. The
decomposition of plant and animal waptes ie a part of nature's way if we are to have plants,
animals, and marine life on earth. This has taken place since the beginning of life, aa
can be seen in the foseil fuel and peat deposite. Of course, when man started to cultivate
the s0il he speeded up the decomposition of the organic matter and the removal of nutrients
from the soil. ;

Rainfall itself contains nutrients. Numerous researchers (Taylor, Bdwards, and
Simpson, 1971; Oratto, 1971; and Boyle, 19?1} have reported that lesser quantities of
rutrients run off from both farmed and unfarmed watersheds than fall with the rain or
gnow. The goil and the plant cover act to retain nutrients. Plant nutrients in rainwater
vary a preat deal depending on numerous factors esuch as prevailing winds, nearness to
oceans, and kinds of soil and vegetation (Attiwill, 1956?.

Runoff and soil erosion are major factors that carry pollutants to water supplies.
From a review of a number of articles on nitrogen loases from soils, the following
gtatements were selected to summarize the articles reviewed.

1. Nitrate lomses have been measured in runoff from sloping soll where a surface
application of fertilizer was made before an intensive rain, or where the application was
made on frozen ground or melting snow (Nelson, 1972). Sloping soils not properly
protected by residues or plant cover or mechanical conservation meapures are subject to
severe runoff and erosion. Wost nitrogen losses measured in runoff and erosion from
cultivated fields are in the form of organic material and probably come mosily from decay-
ing plant residues as well as from the soil itself.

5, More fertilizer mutrients are lost by soil erosion than by leaching (Smith, 1967).

3. Percolation of water through a soil profile is exaggerated in Lysimeter studies when
runoff is prevented (Kilmer, 1971).

4. Leaching loss of nitratee appearsto be small in the presence of a growing crop
(Kilmer and Barber, 1971). Two main reasons for this are (a) the rapid uptake of nitrate
ions by plants and (b) less free water in the soil due to removal by plants. waevur! in
situations involving excessive applicationa of nitrogen to porous scils in areas of high
rainfall,leaching leosses of nitrogen can occcur.



5« Nitrate nitrogen can be leached only when water in excesg of moil retention capacity
moves through the soil profile (Anonymous, 1969). If the soil is near saturation, the
water and nitrate are displaced to lower depthe by incoming water. If the soil is dry and

water input is less than retention capacity, the nitrate may be redistributed within the
root gona.

6. Sitvations most conducive to nitrate leaching are Ea; when rainfall exceeds evapo-
transpiration, (b} whare over—irrigation is practiced, (o) where poils are devoted to
ghallow—rooted crops, (4) whers soils have a low water—retention capacity and high
infiltration rates, and {e) where fertilizers are applied in amounts and ways that result

in the presence of excesa amounts of nitrates in the soil fHelﬁnn, 1972; and Linville and
Smith, 1970). '

7. Leachates from highly fertile wunfertilized farmlands have a higher concentration
of nitrates than percolates from fertilized eropland low in natural fertility {Smith, 1967,
¥ore nutrients are heing removed from soile hy cropping than are added in fertilizers.

d. The tetal amount of nitrogen lest by lenchine inereases with the amount of water
percolating throueh the soil. The percenteape of total soil nitropen leached per inch of
leachate is greater in coarse than in fine-=textured eoils fBrpwn, 19657, ‘

8. The amownt of nitrogen leached from a soil in fallew iam-considerably greater than from
a goll with growing planis and varies with the crop grown fBrown, 1965), Crops vary in
thelr effect on evapoiranspiration and in their ability to extract nitrates from the esoil
solution. '

10. Learching losges of nitrosen are conpiderably smaller than formerly thourht;  Thowewer,
with the increased ume of chemical fertilizers, there haas been a growing tendency for
nitrate to accumulate deeper in the root zone (Frown, 1945,

11. Main sources of nitrogen in water mupplies beyond that amount normally contributed by
rainfall and other natural sonrces appear to be largely from bhuman, livestock, and
indugtrial wagtes (Smith, 1967).

12. HNitrosen fariiliéers are undoubtedly contributing to nitrates in groundwater in =ome
localitieas (Viets, 1971).

The following ressarch date were selected to provide the reader with some apecific
informatieon about nitrosen losses from soila.

Some studies in Colerado showed that in irripated cropland 25 to 30 pounds (11 to 13
kgs.) of nitrate per acre moved to the groundwater table annually (Stewart, et al., 1967).
Surmarizing studiea in Tllinois, it was found that the highest nitrate concentratiene in
gurface walers are more corsigtently found in areas of intensive farming on fertile,
well-dreined soils naturally rieh in organic nitrogen (Harmeson, Solle, and Larson, 1971).

In Seuth Carolina (Garman, 1969), lysimeters helow fields which were fallowed and
received no nitropen fertilizer releaged 154 pounds of nitrogen per acre to the leachate
over & S-year period, whereas lysimeters receiwing high levela of nitrogen fertilizer,
but where crops were kept prowine, released wvery little nitrogen to the leachate over
this same S=year periad,

The analyesis of data from a water atudy in a muwber of watersheds in Illinois over a
25-year period (Bergstrom, 1971; VU.S. Department of Apriculture, Soil Conservation Service,
1971; and Harmeson, Sollo, and Larson, 1971) show that eath watershed or part of a water—
ghed has a unimue combinatien of nitrate sources. Although the nitrate content of some
gtresms has inereased during this pericd, the trend has been erratin. For example, recent
data from the Kaskagkia River near Shelbyville shows that the nitrate content wam less



in 1971 than it was in 1961 even though the amount of fertilizer used hap increased four-
fold during this period (Aldrich, S. R., University of Illineis - personal communications,

1971).

The effect of fertilizer nitregen on the nitrogen content of a stream cannot he
estimated without a full analysis of the nitrogen budget of the whole watershed, including
the amount removed in the harvested crops and that returned to the area as Wyproducts of
denitrifiecation. It is, however, olear that the loss in the stream is a small fraction of
the whole turnover. The problem ig too complex to draw any generalizations as to the
pource of the nitrate. There is need for careful study to identify the nitrate source.

Stuvdier in Miegouri over a peried of years on four different soils show no evidence
of nitrate movement beyond a depth of 244 centimeters when ammonium nitrate fertilizer
wag applied to continuous corn plote at rates of 112 and 134 kilograms of nitrogen per
hectare annually (Linwille and Smith, 1970). When 168 and 224 kilograms of nitrogen per
hectare were applied anmually, leaching below 244 centimeters was wvery slight on very
glowly permeable soile tut appeared to be substantial on the more permeable soils.

Bower and Wilecox, 1969 (Kilmer, 1971), studied the nitrate contribution from
irrirated fertilized land 4o the upper Rio CGrande River. Owver a 30-year period, when the
application of nitrosen fertilizer increased from a wery low to a very high level, the
overall nitrate concentration of the river did not increase. Thie indicates no significant
contribution of nitrate to the river from nitrogen fertilizer.

The citrus industry in southern California seems to have adjusted its fertilizer
input according to these studies to a level that, high yielding trees can be maintained
with good water manarmement and not leave a hipgh nitrate load in the drainage water (Pratt,
Jones, and Hunsaker, 1972).

California scientists Scott and Buran as quoted by CGarman, 1969, say that "tillage of
native apils is probably one of the most simmificant factors in releassing nitrates to
undergromnd waters because of the enormous store of nitropen in the organic matter of
most soils and the speed with which nitrate is released from organic malier when oxidation
im inereased by tillase." They also say that some Mollisols in the U.S3. may contain ae
much as 32,000 pounds of nitrogen in the top acre=foot (36,362 kg per ha/30 em). Converting
this ewver to its nitrate equivalent, the figure is 140,000 pounds of nitrate per acre-fool
(159,090 ke/ha/30 em). If only one-half of this is lost over a 100-year period, the
average annual loss could amount to 360 pounds of nitrates per acre per year (400 kgfha}.

1t is estimated that a legume cover can fix 100 pounds of nitrogen per acre
{113.5 kgfha} per year (Garman, 1969}. When this plant material decomposes, the nitrates
can contribute to percolating waters, at least in a climate where growth is dormant part
of the year.

Tt ig not the intent of the auther to po into the many details affecting the
accumulation of nitrate in soil and water. Readers are referred to Agriculture Handbook
413 (Viets and Hazeman, 1971) recently published by the USDA for greater in-depth
discussion of this fopic.

Many lysimeter and soil drainage studies have been carried put on different kinds of
seil and cropping systems in the U.S. to determine movement of plant mitrients in the
gnil. A summary of some of these stundies follows: '

Studies at Coshocton, Ohio, on unglaciated soils from sandestone and shale showed that
phosphorus movement downward beyond the plant roots was meagurable and aversged less than
5 pounds per acre per year (Edwards and Harrold, 1970; and Harrold and Dreibelbis, 1958).
Leaching of nitrates to the 8-foot depth was less on the lyeimeter receiving the larger



amounte of nitrogen fertilizer because the more vigorous plants used more water and reduced
the amount available for percolation and nitrate leaching.

The amount and the composition of tile drainage was measured on fertilized and
unfertilized Brookston Clay in Ontarieo, Canada. The average nitrogen loss as nitrate from
all unfertilized plots was 4.4 kilograms per hectare per year; and from the fertilized

lots, 8.1. Phoaphorus loss was .12 and .19 kilograms per hectare per year, respectively
Viets, 1971).

Fhosphorus doea not leach except from extremely sandy soila. It ie lost mostly through
surface erosion of soil particles and soil organic matter (Nelmon, 1972; and Taylor, 1967).
Thue soile that hawve receiwved large amownts of phosphate under conditiona susceptible to
surface erosion are most apt to contribute phosphorus to the surface wateras.

There ie much speculdtion that increased use of phosphorus fertilizers has greatly
inereased the phosphorus concentration in surface waters, and that this concentration
increase is the key to algal blooms and stimulated growth of aguatic plante (Carter,
Bondurant, and Robbinm, 1971; Taylor, 1967; and Wadleigh, 1968)., Phosphorus (PO4-F)
concentrationa ranging from 0.02 4o 0.05 ppm have been reported as minimal for supporting
alpal blooms. Algne do require phosphorus for growth and reproduction, but many pecple hawve
coneldered phosphorua as the only key to witer nollution and hawve ignored other poseible
factors.

The following studien show that the loss of phosphoruas from farmlande are minimalt

Numeroun studies (Stanford, England, and Taylor, 1970; and Nelson and Romkens, 1971),
hawve ghown that phospphorus losses from cropland are caused almost entirely by erosion.
Phosphorus supplied to a @oil becomes water inseluble within a few hours. Up to 0% of
fertilizer phosphorus added to A soil is recovered by the first crop. The remainder is
rendered insoluble or io fixed by the formation of ineoluble iron, aluminum, or calcilum
compounds . d

Fxperiments with cotton and corn in Virginia showed a loss of 10 pounds of phosphorus
per acre per year. Under high erosion the loss may reach 30 to 50 pounds. Of the
phosphorus adsorbed on the soil colleids, only & fraction will he avmilable for growth of
aquatic plants, perhaps no more than 10%, The available phosphorus in lakes and rivers
from fertilizer and the moil phosphorus eeldom exceed 1 to § poundse per acre par year.

Data from weodland and farmland watersheds at Coshocton, Ohio, 1966-1969 {Taylor,
Fdwards, and Simpaen, 1971), show that total nutrient losses cannot be enlculated meaning-
fully unlese both hydrolofic and chemical data are available because of the high
concentrations of nutrients found in pericds of elirsht runoff.

Information on the phosphorus concentration in irrisation return flows is extremely
limited (Carter, Bondurant, and Robbina, 1971). Chemieal reactione nf phosphorus in the
goil indicate that phosphorus (POs=P) concentration in eubsurface drainage waters should
be very low (Carter, Bondurant, and Rebbina, 1971}, Theae concentrations should not exceed
the aolubility  of the various phosphorus compounds found in the soil. Johnston and others
reported that the amount of phomphorus removed from an irrigated area through the subpurface
drainage water was inmismificant (Johneon et al., 1965) .

Carter and coworkers found that only 30 percent of the phosphate entering a 200,000 -
acre ivrimated tract near Twin Falls, Idaho, in irrigation water (66 parts per billion of
phosphorus) left the tract in drainase water (12 parts ver billion). An average of
27 pounds of phosphorus per acrs was used on crops during the water measurement year
(Carter, Bondurant, and Robbins, 1971).



The foregoing amtatements are among the many factors reluted to farming that contribute
to plant nutrient losses.

Potential nutrient additions from urban areas: More than 1 million acres of land in
the U.5. are being reshaped each year as & result of roadway and reservoir construction,
housing and bupiness developments, surface mining, and similar operations (Meyer,
Wischmeier, and Daniel, 1971). Sediment yield from areas undergoing intensive development
are often many times greater than that from comparable areas of farmland, and they are
crenting serious problems in intensively developing urban areas (Anderaon, 1965; Anderson
and MeCall, 1968; Wadleigh, 1967; and Ringler and Hwmphrys, 1971). Amual sediment ;
¥ields from land under active urban development range from sewveral hundred to 100,000 tone
per smquare mile. On highway cuts, annual losses up to sgeveral hundred tone per exposed
acre have been measured (Diseker and Richardson 1962). Barnett et al., 1967, measured
97 tone per acre eromion and 62 percent runoff from 2~Tf1ﬂ inches of intense rainfall on
a8 bare 9—1f2 (horizontal) to 1 {vertical) highway cut while adjacent mulched area lost
only about 10 tons and A0 percent runofT {Harhett, Digeker, and Richardson, 1957).

An evaluation was made of the amount of erosion in Secott Run Bapin, Fairfax County,
Tirginia, where highway construction covered 11 percent of the basin area {Vice, Cuy, and
Ferguson, 1969). The sediment yield per acre for an average storm event in construction
areas wag about 10 times preater than for cultivated land, 200 times greater than for
grassland, and 2,000 times greater than for forest areas.

Another mource of water pollution from urban areas is the effluent discharged in
gtreamg from seware disposal plants. The following are examples:

There has been very rapid srowth in the use of soluble pyrophoephates in detergents
in the U.5. (Stanford, England, and Taylor, 1970). The annual consumption of detergents
now represents a per capita vhosphorus use of about 4 pounds in the U.85. Unless sewage
treatments specially designed to remove phosphates are applied, urban areas can contribute
ayailable phosphorus 4o the environment at an annual rate of 2 tons per 1,000 persons in
geware effluents containing concentrations up te 5 parte per million of phesphorus.

Effluent from a sewame disposal facility in Washinsgton, D.C., For example, con—
tributes 8 million povnde of phosphorus and 24 million pounds of nitrogen to the Potomac
River each year. Averace flow in the river over a year's time is about 7.3 Billion
gallons per day, but the daily summer flow is about 1/ﬂ this averare. The nitrogen and
phosphorus from this facility is sufficient to cange eutrophication in a siream having 10
times the average summer flow of this river (Wadleigh and Britt, 1968).

Potential nutrient additions from livestock feedlots: Another source of nuirient
enrichment of water supplies is larze livestock feedlots. Feedlots for finishing livestock
have underpgone a rapid transition from 100-head farm feedlot systems to commercial operations
enclosing 25,000 or more animals within a space of a few acres (Cross, Mazurak, and Chesnin,
1971). A herd of 50,000 cattle would require a sewage treatment facility equal to one for
a human population of 300,000. Since dumping waste into natural waterways is no longer
acceptable, alternative methods of waste disposal must be dewveloped.

Evaluation of pollutants in runoff from feedlote presents problems not met in
describing conventional wastes (Miner et al., 1966}, Cattle feedlot runoff was found to
be high in organic wastes containing congiderable quantities of nitrogen. Concentrationa
of organic matter and nitrogen in mmoff increased with low rainfall intensities, wamm
weather, and moist lot conditions. Runoff from a concrete lot was approximately twice
as heavily polluted as runoff from unsurfaced lote.

guantity and quality of runoff from experimental feedlots in Nebraska seem to depend
more on rainfall than on feedlot slope or cattle demsity (Gilbertson et al., 1971). High



density lots yielded 103 to 170 percent mora winter runoff than low density lots. Concentra-
tions of solids in winter runoff were about 10 timee greater than that from spring and
summar runoff. The movement of pollutants in the soill under feedlots in a one-year period
was minimel. There ie strong evidence that livestock feedlote are major sources of nutrients
that pollute surface wateras. i

Contrary to the results obtained in the Nebraska study, nitrate nitrogen as high as
4,600 pounds per acre were found within depths of 20 feet or more under some commercial feed-
lote in Miesouri (Smith, 1968). An evaluation of over 6,000 water samples showed that arsas
with the largest livestock production showed the highest nitrate concentration. Preliminary
reeearch data show that numeroue factors influence the hazard of pollution from feedlots.
Some of the major items are kind of soil (eepecially psrmeability and slope), climate,method
of colleotion and disposal of runoff from feedlots, livestock population per acre and per
¥ear, and method of disposal of manure from feedlots.

Yet ancther source of water pollution ie wildlife. Studies of Lake Chauntaugua in
T1linois indicate that ducke add 5.6 pounds of phosphorus and 12.8 pounds of nitrogen per
acre of lake per year (Wadleigh and Britt, 1969)., This alone is sufficient plant
nutrition to induce eutrophication.

Az stated earlier, there are many potential sources of nuirient enrichment to water
supplies. Fach situation needs to be carefully evaluated, the major smource of pollution
identified, and corrective action taken.

Potential additions from pesticides: Pesticides are uped in agriculture as purpose—
ful envirommental conteminants to increase cost=benefit ratie in favour of the farmer and
the citizen as consumers of food and fibre. However, their use has become a focal point
in publiec concern for the preservation of environmental gquality. They have become an
egeential part of farm technolosy, and their use is the inevitable conremuence of the
monoculture approach to modern hipgh production agriculture.

Mumerous siudies have been made on the hagards of water pollution by use of pesticides
en farmland (Harrold and Edwards, 1970; White et al., 1967: Metealf, 1972; Barnett et al.,
1967; and Stewart and Chisholm, 1971). These materials have been measured in washoff from
goils where they hawe heen applied. No evidence was found where gimnificant amounte of
pestinides percolated to any significant depth in the seil.

The hasie principles that apply to the safe use of chemical fertilizers aleo apply
to pesticides. If sound ronmervation practices ineluding erceion control are followed
and if good judgment and management are used, the hazard of water pollution from
agricultural applications of pesticides is minimal.

Factors Affecting Seil and Water Losees

S0il erosion and Tunoff are major sources of nutrient enrichment of surface water
supplies. To reduce this hazard of water pollution, there is need to understand the
factors that influence ercsion and runoff. Thia will help us to avoid the use of critical
erosion areas as well as to manameé sguitable areas for the conservation of soil, water,

and plant resources resulting in a minimum of water pollution.

Numerous investimators (Smith, 1957; Wischmeier and Smith, 1958; Wischmeier and
Smith, 1965; Wiechmeier, Johnson, and Cross, 1971; and Wischmeier and Wannering, 1968)
have found that the four basic factors affecting runoff and erceion are (1) climate,
egpecially rainfall intensity and amount, and the season of year that rainfall ocours;
(2) kind of moil; (3) length and percent of slope; and {4] cover. In addition, eoil
and water management practices also affect losses and often madify one or more of these



four factors. Practices such as terracing and contouring modify slope whereas tillage,
mulching, and crop rotation modify soils and cover. Only climate has been considered as
unalterable. ’ '

Climnte: 3Soil erosion is a mechanical process that requires energy. Much of this
energy is supplied by falling raindrops. The magnitude of the kinetic energy of rainfall
is readily apparent from a wvery simple calculation (Wischmeier and Smith, 1958). The
welght of the water falling in 30 minutes of & common thunderstorn in northcentral United
States may exceed 100 tons on each acre. The blllions of drops which comprise this 100=ton
volume of water sirike unprotected soil at an average velocity of nearly 20 miles per hour.
The rainfall energzy to bhe expended during the 30 minutes may well exceed 2 million-foot
pounds per acre. Water flowing over the land surface, coupled with raindrop action,
produces sheet erosion. The concentrated scouring action on the channeligzed flow causes
rill—and-pully erosion.

Sheet erosion is a function of rainfall characteristics, although the magnitude of
the effectn vary with soil conditiona, slope cover, and management practices. It
involven detachment of soil particles and transportation of the detached particles
(Wischmeier and Smith, 1958)., The soil-carrying capacity of runoff water increases
exponentially with increasing weloeity. Not only soil detached by raindrops but also
additional soil detached by flowing water ie carried from the field in increasing amounts
as a depth of flow increasesn.

Studies sghow the best ningle variable found for predicting soil losses from cultivated
fallow poile is a product of the total rainfall energy of a giorm and ite maximum 30-minute
intensity (Wimchmeier and Smith, 1958). This product term measures the inner action
effect of the two rainfall characteristice (known as the FI variable). Soil moisture,
poll compaction, and the effectsn of freezing and thawing alse influence the amount of
runoff and ercgion from an area. Runoff from melting enow is another factor that influences
runoff and ercasion.

Soil erodibility: The erodibility of a soll is a function of complex interactions of
a number of its physical and chemical properties (Wischmeier, Johnaon, and Cross, 1971;
and Wiechmeier and Mannering, 1968). Those that affect surface seal and crust formation
are, of course, highly important, but characteristies of the soil beneath the surface
layer arae aleo relevant to eredibility. The behaviour of individual soil properties are
highly interrelated, and the coefficient of a single term taken out of context may not
reflect the overall relation of one parameter to erodibility.

Several ressarch workers have found five soil parameters to be especially important in
predicting the erodibility of soil in the U.S. (Wischmeier, Johnson, and Cross, 1971;
and Wischmeier and Mannering, 1968). These are percent silt (0.002 to 0.05 mm) plue very
fine sand (0.05 to 0.1 mm), percent sand greater than .10 millimeter, organic matter content,
soil structure, and permeability of the least permeables layer in the soil profile.

Analyees of rainulator and natural rain, seil eredibility data, ehow conelusively that
yery fine sand (0.05 to 0,10 mm) behaves more like silt than like larger sand (0.1 to
2.0 rﬂm} .

Generally speaking, soils that are high in silt, low in clay, and low in organic
matter are the most erodible. Usually a soil becomes less erodible with deecrease in silt
fraction; however, percentages of silt, clay, and sond mugt be considered in relation to
exigting levels of other physical and chemiecal properties of the moil.

Organic matter content in soils ranked next to particle size distribtution as an
indicator of eradibility. Both the rainfall enersy needed to start runoff and the final
infiltration rates increased directly with erpanic matter increases, whereas soil content
of the runoff was inversely related to organic matter content. There was an important



but complex interrelation between orpanic matter and clay., On ailts, silt loams, loama,
and sandy loams, the inverse relation of erodibility to both agsregration index and organic
matter level was strong, but it significantly declined as the clay fraction became larger
and may be insignificant on clay soils. :

Studies (Wischmeier, Johnson, and Cross, 1971; and Wischmeier and Mannering, 1968),
show that eoil structure grade {strength) did not simificantly affect erodibility;
however, influences of type and size of structure apparently were great enough to be of
practical importance. There were indications that a relationship existe between gtructure
type and size and structure, prade, and soil pH, Ttut these interaction effects could not
be quantitatively evaluated from the data,

A Boil lagyer, below the soil eurface, that is elowly or wery slowly permeable can
influence the erodibility of & soil, depending on the meoisture content of the seil. Por
axample, A soil with a fragipsn or a clay pan 25 centimeters below a permeable surface
layer probably has little, if any, effect on the amount of rvunoff or erosien Trom a
moderate atorm on relatively dry =o0il. Conwversely, if the same soil is saturated when
a rainstorm comes, the ef'fect in apparent in data from lonm-time erosion studiea. Thus,

a soil with a slowly permeahle aunbeoil may be wvery erosive during those periods of the year
when the upper moil layers are saturated.

Leneth and peroent of sloper The relaticnship of length of slope and steepness of
alope to soil leoes ham boen worked out wmathematically by research workers and, through
the nae of formulag, predictions can be made about soil losaes that occur on slopes of
different lengths and pradients (Smith, 1957).

The capacity of runoff to transport seil partiecles increases approximately asz the
fifth power of its welocity; and ite detachement ecapability, as the square of its
velooity (Wischmeier, Johneon, and Cress, 1971; and Wischmeier and Mannering, 1968). The
Tlow welocity of rumoff increases ag the amount incresses, as the flow concentrates, or
apg the slope ateepens. Therefore, the erosive pofential of runcff increases substantially
either an slope lensthens or as steepness increasea. The shape of slope may also influence
erosion losees.

501l cover: Many controllable variables influence water intake by the soil, help
protect the =0il from raindrop impact, or increase the soile ability to resist detachment
by the erosive armentn {Hinchmeier and Smith, 1265). Among them are COVer, Crop Sequence,
seeding method, soil tillage, disposition of residues, and peneral management lewvel.
Vepetal cover; amovnt of residuss on the surlace, and effects of tillage and other
management practices change as a growing sesson progesses. Therefore, the amount of
erorion that occcurs Tor an armual or multi-yesr cropping syetem depends on how well the
pericd of greatest soil protection ecoincides with ocowrrence of the erosive raina. The
following table, developed from data in U.S. Agriculture Handbook 282, shows the effective—
nesa of plant cover in reducing soil losses in percent by comparing different cropping
systems with fallow (bare ground). 1

S0il Loas Reduction in Percent

Centinuous corn (maizme), gonventional plant and 111,

harvest for silage 57
Rothation corn (msize), spring plow, conventional plant,

residues left, corn, corn, grain, (small grain) 27
Rotation corn (maize), spring plow, conventional plant,

regidues left, corn, corn, grain, 1-year meadow 12
Contimuous corn {maize), no plow, ne cultivation (minimum

tillage}, plant in corn residue, 3 tons of residue T
Orass and lesume meadow, pood quality 04

1/ Based on fallow (bare g0il) as being 100%.



Erosion control practices: When sloping soll is cultivated and exposed to erosive
raina, the protection offered by the plants in the cropping system needs to be supported
by practices that glow the runoff water and thus reduce the amount of goil it carries
(Wischmeier and Smith, 1965). The more important supporting practices for cropland are
contour tillage, strip cropping on the contour, terrace pysteme, stabilized waterwaye,
and minimum tillage practices. Improved tillage practices, sod-base rotations, fertilizer
treatment, and greater gquantities of crop residues left on the purface of the soil
contribute materially to erosion contrel.

Tillage and planting on the contour have been effective in reducing erosion from
individual storma of moderate to low intenaity but provide little protection againet severs
storme that caupe extensive breskovers of the contoured rows. Contouring appears to be
moet effective on slopea of less than T percent.

Contour etrip cropping ie & practice in which contour strips of sod are alternated
with stripa of row crop or small pgrain. This practice has proved to be a more effective
practice than contouring alone. As A rule of thumb; it can be stated that soil losses
from contour strip crop fields will be about 50 percent as preat as thoee from contour
tillage for the same kinds of crops and management.

Terracing with contour farming is more effective as an erosion contrel practice than
gtrip cropping becanse it divides the slope into =eements equal to the horizeonial terrace
spacing. Soil lossen from contoured and terraced fields are about the same as those
from a contoured Tield hawving the asme slone length ne that of the terrace interval.

Mumerous research workera (Meyer, Wischmeier, and Foster, 19703 and Van Doren and
Stauffer, 1944) have found that crop remidues and other forma of surface mulches are
very effective in reducing soil erosion and the welocity of runoff.

The erosion-reducing effectiveness of mix different rates of straw mulch wan teoted
on slopes averaging 15 percent (Meyer, Wischmeier, and Foster, 1970). Mulch rates of
only .56 and 1.12 metric tons per hectare reduced soil losses to less than one-third of
thoae from unmulched areas during & series of intense simulated rainstorme. A rate of 2.24
metric tone per hectare deecrcased soil loss to 18 percent of that with no muleh, and
rates of A4.48 or B.096 metric tons per hectare reduced it te less than 5 percent. Runoff
velocity for the .56 metric tons per hectare rate was one=halfl that without muleh, but
heavier rates decrensed velocity only slightly more. The reduced velocity due to mulching
ancounted for much of the resulting decrease in moil eromion. Although the small mulch
rates sreatly reduced ercsion, more mulch was required to fully conirel erosion than
was required on the less steep, more permeable soil conditions teated in earlier studies.

Minimum tillage is a general term that may be applied to any of the numerous practices
that require fewer trips acromss the field than are required by conventional methods of
preparing a seedbed. A plowed surface left rough and containing appreciable plant residue
allows water to infiltrate more rapidly, has pgreater surface and plow-layer storage, and
ig less eapily eroded than a pulverized soil surface.

The average anmual goil loss from natural rainfall ever a S-year period at LaCrosse,
Wisconsin, on a Fayette silt leam, 15 percent elope, was .7 of & ton per acre for plote
that received minimum tillage compared with 2.94 tona for conventionally tilled plote
when beth methods were contoured E&annering and Burwell,1968).

Another study on minimum tillage at Coshocton, Ohio, showed that annual soil loss
over a l-year period averaged .50 of a ton per acre per minimum tillage compared with
4.86 tons for conventional %tillage.

Another erosion control practice was evaluated at LaCroesse, Wisconsin, on a 16 percent
glope (Mannering and Burwell, 1968). The annual soil loss was 2.6 tons per acre for
interaeceding in 60-inch corn rowe compared with 5 tone from A0—inch rows with no inter-
seeding.



Predicting Spil Losses and Sediment I!;eliwr_:.r Rateg

Predicting soil lospes: Scientific planning for seil and water conpervation requires
knowledge of the relation between thoge factors that cause loas of soil and water and
those that help to redure such losses. To aid in predicting rates of ercsion and measures
needed to reduce those losaes, an empirical soil loss equation has been dewveloped
I:Hinc:hmai ar and Smith, 1965}. Many of the factors uped were discussed in the preceding
gection of this paper. '

To predict the amount of soll erosion by water on any particular field or con—
ptruction mite, it ims necespary to dmow {1) the capability of the expected rainfall and
runoff to detach and transport soil particles, (2) the natural susceptitility of the soil
to erosion, and (1) the effectiveness of cover and management wvariables for reducing the
forces of erosion. Charts and graphs from which this information can be obtained for any
particular site have been developed from the analyses of ercsion research on 48 research
stations in 26 states in the U.S. and published in Agricultura Handbook 282 (Wischmeier
and Smith, 1965)., The following digcussion on the moil less equation contains pertinent
information frem this handbook for predicting soll losaes.

The erosion equation ist A = FLSKCP. It expresees soil loms per unit area (A) aso
a product of factors for: rainfall (R}, slope length (L), slepe steepness {E}, soil
erodibility (K), cropping and management (0}, and conservation practices {P}). The moil
loes prediction (A) is usually obtained in terms of tons per acre per year. However, it
can be enpily obtained in inches of- soil or in metric units and for a glven month or season
by oelecting the valuen of K and R in ecorresponding units.

Yumerical values for each of the aix factors in the formula have been determined
from research data. Thene walues differ from one area to another. The approximate
numerical wvalues for any particular field have been developed.

Rainfall factor {(R). When factors other than rainfall are held constant, storm seil
loagen from cultivated fields are directly proportional to the preduct wmlue of two
rainatorm characteristicn: total kinetie energy of the storm times ite maxdmum 30-minute
intennity (FI). This product wvariate is an interaction term that reflects the combined
potential of raindrop impact and turbulence of runoff to tranmport diglodged s0oil particles
from the field.

An Teo—crodent map was compuied from rainfall data for each of about 2,000 locations
farily evenly distritmted owver 37T states of the eagtern U.S3. The Iso—erodents were then
plotted as indicated Ly these values.

Factors for slope length and gradient ELS}. The rate of soil ercelon by water ie
affected by both alope lensth and gradient (percent glope). The two effects have been
avaluated separately and are represented in the erosion equation by capital L and capital
S, respectively. In field application of the emuation, hewever, it is comvenient fo
eonaider the two am a single fackor LS. This ratio for specific combinations of slope
lensth and pradient are tnken directly from a chart.

Soil erodibility factor (K). The soil erodihility faetor X in the scil loss equation
is a muantitative wvalue experimentally determined. The criteria ueed for developing this
value were discussed earlier. For a particular soil it is a rate of erosion per unit of
erosion index from unit plots on that soil. These walues are determined for each kind of
goil and are used in the equation.

A unit plot is 72.6 feel long with a uniform lengthuise alope of % percent in
continuous fallow tilled up and down the plope., To evalunate K for acile that do not



usually ccocur on 8 9 percent slope; soil loss data from plots that meet all the other
specified conditions are adjusted to 9 percent slope by means of the slope factor.

Factor for cropping and management (C). The factor € in the soil loss equation is
the ratio of soil loss from land cropped under specific conditions to the corresponding
loga from continuous tilled fallow. About 10,000 plot-years of runoff and soil loss data
agpembled from AT research ptations and 24 states {Wischmeier and Smith, 1955} were
analygzed to obtain empirical meapurements of the effect of the eropping syetem and manage-
ment on soil loss within each crop stage period.

The erosion control practice factor (P). This factor is similar to the factor C,
except that P accounis for the eromion control effeetivensss of superimposed practices,
such an contouring, terracing, and atrip cropping. The factor P in the erosion equation

i the ratio of soll loms with the supporting practice to the soll loss with up-and
downhill culture. Valuea of P for wvarious percent slone groups have been developed.

The empirical snil less equation underlying this technique is applicable in any
locatian whers numericnl values of the erquatien factora are known or can be determined.
T+ ecan be a npeful tool in helping to select alternative metheds for reducing scil loss
and erosion. The tablea and charts that have been developed make this information readily
available for field use.

Predictine sediment delivery rationr Many factors influence sediment delivery ratios.
Some of thane fnctors are the tynes of sediment souraes, the masmitude of the sediment
gources, climate, kind of soil, frctors affecting deposition, and watershed charncteristics.

Congidarable puecens hag been achieved threugh use of empirical soil lose equations
to obtain wlues Cor sheet erosion (Roehl, 1962). Similar wmlues for channel-type erosion
are obtained frem wvolumetric measurements in the field or by use of erosion rates developed
in the course of resesrch studien.

Sediment dalivery ratios are a means of ueing computed eropion data fo predict egediment
yieldas at desired pointa within n waterghed. A sediment delivery ratio ia a percentage
relationship between the sediment yield at a specified measwring point in a watershed and
the rross or total erosion oncurring in the watershed upstresnm from that point. Ir
yrealiptic eatimates of both the erosion and the sediment delivery ration can be made,
gediment yields can be predicted with reanmonable aceuracy (Roehl, 1962).

Tt ip entimated that shest erosion penerally produces mogt of the sediment load of
rivers in areans that are primarily asricultural and have more than 20 inches of
precipitation annmally (1.3, Department of Apriculture, Soil Comserwvation Service, 19707,
In most forest and ranee areas where the precipitation ie leas than 20 inches, channel-type
eronion usually produces most of the sediment. An analysis of 157 watershed work plans
havine a total combined drainapge area of 9.7 million acrea indieates that, in general ,

73 pereent of the sediment was from sheet ercaion, 10 percent from sully erosion, and 17
percent from other sources such ap roadsides, atreanbanks and flood plain. OFf the total
gediment ¥ield in the U.S., it is estimated that 50 percent iz from farmland, 10 percent
from forest and ranmeland, 10 percent from construction sites, and 30 percent from land
relatively undisturbed by man (peclogic erosion), A sediment delivery ratio of 40 percent
hag been used hy S05 to ecaleulate national sediment yields frem egtimated so0il losses from
cropland (1.5, Department of Aprieulturs, Boil Conpervation Service, 1971).

A study of 113 watersheds (Roehl, 1962; and Glymph and Holtan, 1968), located in
humid areas of the U.S., showed that sheet and rill erosion accounted for 30 percent
ar more of the sediment yield in half of the watersheds. In about 20 percent of the
cases atudied, however, 50 percent or more of the pediment was derived from gullies. In
most instances of relatively large sediment production from gullies, watersheds of lees
than one square mile wers involved. In three instances, stiream channel erosion contributed
more than 40 psrcent of the pediment yield.



Thus, measursmente indicate that extreme variatione in pediment yield may ccour in m
region having different kinds of land use, topography, olimate, and soil, The relatively
flat area of northcentral Iowa, for example, has sediment yields of about 50 tons per
equare mile psr year for a 100-square-mile watershed, whereas in the rolling hills of
western Iowa, sediment rates of about 6,000 tons per squars mile per year are estimated for
100-square-mile watersheds (U.S. Corpe of Engineers, 1968).

Langhein and Schumm, 1958 (Heleman, 1968), found that the maximum sediment yield in
the U.5. occurs when annual effective precipitation 1s between 10 and 14 inches, The
gediment yield dropped sharply as annual rainfall decreaped from 10 inches because of the
deficiency of runoff. On the other hand, sediment yield decreased generally with rain-
fall above 14 inches because the increaced rainfall produced a preater density of
vegetative cover and, therefore, leas erosion. This peneralization may or may not apply
to other environments of the world, but the relation between rainfall and vegetative
cover aoems universal. The vesetation reflecta rather closely the annual reinfall
patierne, and the rate of runoff is tied closely with precipitation.

Studiea on eight emall experimental watershedn at Coshocton, Ohio, ashowed that
conaarvation farmines practices resulted in smaller averapge rates of runoff and more water
absorption (Glymph and Heltan, 1968), Here the average annual peak rate of runoff from
land in eorn wam 47 porcent greater without conservation practices than it was with
improved practices,; 5% percent esreater from land in wheat, and 14 percent greater from
land in meadow. In terma of total runoff Aamount; land in ecorn withont treatment produced
53 percent mare ranaff from ¥May to October than thet with imnroved nractices; wheat without
treatment practicen produced 34 percent more runoff from Octoher 1o Julyy and runeff from
untrented meadow Tor 33 consecutive montha was 31 percent greater than from meadew with
improved practices,

From these data and experiences it is apparent that the universal seil losa equation
can he a vlnable teol in entimatineg pediment deliwvery ratios. The use of erosion control
practices on bhoth farm and nonfarm land will reduee runoff and erosion from these areas
and in turn reduce the amount of scdiment delivered to surface water areas.

Methoda for Redueing Nutrient Pnrichment of Water Supplies

901l surveyat Cme of the first and moat important steps in the development of a plan
to reduce water pollution through meil erosion and runoff is to make a soil survey. Soil
maps and needed interpretations prepared by pedologists provide the hasic data needed to
determine the location and extent of each kind of moil and its potentiale and limitatione
for variona waes. With a seil map, plane ean be developed to minimize seil and water
losses through proper soil selection and the application of conservation practices for
each ure,

The use of moil surveys is the bhest method we hawve for evaluating the land resources
available to peaple (Klingebiel, 1967). Soil surveys can be interpreted to show the
varionas alternativens for safe use and the potential for the production of plantes. Accurate
predictions can be made ahout soil hehaviour and crop potential from areas for which
goil surveys have been completed. Where soil purveys are not available, gamples areas
can be mapped and the data projected to similar soil areas for broad general planning.

By rating the scile according to their suitability for a particular use, one can
determine the areas that are well nuited or poorly suited for that use. Such information
ig useful to thome who are evaluating areas for Tarmers, for food processors, and for
others who are searching for soile that are suitable for growing certain crops. Soil
maps can also be useful for those seeking sites for residential, indusetrial, or
recreational development (Steele, 1967) .

S0il surveys can be especially helpful in making predictions about the ha?arda of
ranoff and erosion. FErosion is & serious problem on many sloping mnile, especially in



places where farmers and contractors have left the soil bare for long periods of time.

Soil maps provide a base for land use planning by showing the areas that have the
greatest potential for each kind of use. In addition, predictions can be made about the
soil hazards inveolved in each kind of use. MWeoat cultivators can benefit from some
direct nasistance in developing a plan for their operations and for carrying out the plan
that will provide maximum benefits from their investment and at the same time keep
goil erosion and runcff to & minimum.

Such technical assistance ie haged on a detailed soil map that is interpreted to
show the nlternative uses and combinatione of practices for which the different kinde of
goil are suited. The plan must be arranged to take advantape of the effects of the
different practices on each kind of soil and between fields within the farm unit having
different kinds of moil.

If we are to use pur geils efficiently and effectively in the years to come, we muat
develop plans that will encourage the public to use soil resources ecarefully and
efficiently for the benefit of present and future penerationas. The use and interpretation
of a poil survey is the key to this kind of planning.

Despite the urzent need, improved technolopy is not easily transferred from temperate
regions to tropical ones (Kelloss and Orvedal, 1969). But the principles dsveloped from
acientific remearch in the sciences basic to soil use and the scholarly method for both
bagic and adaptive research can be transferred. The basic task of the scientist or small
proup of peientists in technical aspistance 18 connecting the bapic principles of the
aciences relevant to farmine and the other nectors of aprienlture to the specific natural,
gocial, ecenomiec, political, and relipious envirvonment where the work is to be done.
Success roquires scholars with knowledse of 4he hapic prineiples and with the skills teo
work in various mocial and natural enviromnments and to communicate with fthe local people.

FParm manaeement nracticen: There is every reason to believe that plani nutrient losses
due to runoff and erosion from rural and urban areas can be kept at an acceptable level
by applyines presently knowm methods, These include {1) proper eeil selection for rach use,
(2) melection of a comhination of management practices including the use of acceptable
eroaion that will give fawvouvrahle results, and {3} prudent vse of Tertilizer, pesticides,
and irrimation water,

With the use of a snil map, cultivators can melect and mannge intensively those moil
areas offering the lowest potential for erosion and runoff and the highest potential
for erop production. Wanagement practices can be selected that are best adapted for
each of the different kinda of soil. In this way, marginal soils and those having high
hazards for erosion and rumofl can be avoided. Bach kind of soil has a potential for some
vge. A smoil survey can merve as a blueprint in showing the potentials and limitations of
each kind of sgoil for many different uses.

The impartance of interactions must be emphasized (Kellogm, 1960). It is wasteful
to use fertilizers without water control, adapted plants, and measures for plant protection.
The proper selection of soil and water management practices for a particular use can beat
be achieved throush a review of available research data and local experience. In areas
where little is known about the soils and their response to management, simple field
triale can be established to determine the best combination of practices to use.

The effectiveness of the variouas erosion control practices was discussed earlier in
this paper. Loeses of nitropgen and phosphates can be minimized through more careful and
thorough application of selected soil coneervation and water control practicea. These
include terracing and contour ecropping, adequate plant cover, returning crop regldues to
the soil, and use of forages and other close-growing cropas on steeper lande.



There are a number of waye to minimize nutrient enrichment of surface waters
without sacrificing the important benefite of fertilizera and productive agriculture
(Nelson, 1972). One is to more carefully tailor the rates and timea of nitrogen
application to better fit the needs of the growing crops. The main consideration here
is to limit the buildup of nitrates during the pericds when leaching is likely. This
can be accomplished by delaying larpge nitrogen applications until the growing orop can
utilize it, by uwseing emaller and more frequent applications, and by being careful not to
apply amounts highly in excesa of that needed by the crop during its growing season.

On irrigated crops, additional care is needed not to overirrigate or leach excess saltse
from the seil duwing the periods when large amounts of nitrates are present.

The kinds and amounts of fertilizer to use depend on the soil, the crop to be grown,
tha other practices followed, and the expected coste and returns. The time and amount
of fertilizer applied is especially oritical in areas of hipgh rainfall and leaching,
including both the cool temperate repions and the humid tropice. TPertilizers are
economically affective only if the correet kinds and amounts are uped for the kinde of
poil and the cropa to be growm and if the practices needed to meet the other requiremsnts
for a pood harvest are adopted nt the same time.

Propross is being made in the development of slow=release nitrogen fertilirzers
(Kellongs and Orvedal, 1969}, If theme can he improved to the point where nitropen is
releaged at A rate that approximaten plant removnl, potential nitrogen contribution from
thia gource to the environment could he reduced even Purther, Manacement practices such
aa timing and rate of fertilization and control of water and ercsion are of course equally
important in reducing nitrogen transrort. PFor the most part fertilizers should be added
to the moil only when plants are available to utilize the muirients. Surface application
should not he made when the planta are dormant or when the ground is frozen or covered
with anow. Pertilizers should be incorporated into the surface of the soil and not
placed on the surface where they can be washed away with the first rain. This ie especially
important with nitrogen fertilizers.

The upe of pesticides has become a focal point in public concern for the preservation
‘of environmental quality (Metenlf, 1972). They are an eseential part of farm technology,
and their use ig essential for medern low—eost, hiph-production apgrienliuvre. Penticides
will he ueed in the foreseeable Tudure. T4 ip the judgment of the U.B. National Academy
of Seienceg! Committee on Persistent Pesticides (Metealf, 1972}, that, Tor most purposes,
nonchemi el methods of control are not expected 4o supplant the uwee of chemicals in the
foreaeceable future.

There in every reason ta believe that man can control the pests of crope and
animals without sericus jecpardy to the enmvdironment (Mclew, 1972). Once we settle down
to intelligent reasoning about the broad epectrum of opportunities hefore us, we can find
sensible solutions to the problems as they arise. There are tremendous opportunities for
deairm of better and safer chemicals for the future, Factors of envirommental aafety must
be considered along with pesticidal efficiency, and this imposes a great burden on research
ingemuity 2s well as industrial economics.

An intenmive search must be initiated for new pesticides that are highly pest
specific, safe to apply, and blodegradable in individual organiems and the environment
(Metealf, 1972). Many leads exiset: the hormone mimica of insects, juvenile, and
modting hormones; various phytohormones; and viral and bacterial toxins. From these and
other potential discoveries about mites of actions and modes of degradation, will come the
pesticides of the future.

Az an example of new research, a team led by Dr. Robert L. Metocalf at the Univergity
of Tllinois (Freund, 1970-1971) devised and recently patented a new form of nonpolluting
TDT. TIn addition to being able to be broken down by higher organiems into products that
are safe to the organiam and to the environment, the new DIT can be produced in many



forms, each of which is an analopue related to the old form of DoT, thus ineects that
become resistant to one Torm can be destroyed by another,

The hazard of water pallution of peaticlides through runeff and eroeion can be reduced
by following the mame bapic mannpement practices followsd in the uwae of chemical
fartilizera. '

Honfarm manasement practices: Bwidencea has been presented that sghows thal sloping
soils under construntion for roade and buildingm can be a major Aource of pollution to
purface water,

Fronion and aedimentation can be controlled in theae areas by the application of
practical combinations of the following technical principles {Hingier and Humphrys, 19?1].
Te reduce ercnion patentinl; it dewvelopment plane to the kinde of s0il, landscape
featuren, and wvesetative cover; to retard runoff and erosion; retain and protect natural
veratalion wherever feasibhle during develomment; protect structural measures to
accommodate the increaged runoff caumed by damaqe of roil and purface conditiens; install
permanent wveretative and atructural erosion control and water disposal methods as moon asz
practical in the development stape; malntain planned svoretative and structural improvement
to insure their effectivenesa,

An alternAative meathod to the nae of vegrtation in the application of muleh for
immediate protection where final grading is not conpleted (Meyer, Wischmeier, 4nd Daniel,
1971}, MTwo tons of straw per Aacre afford ample protection. 1T final gradineg is completed
in late R11 or winler, the area ghould be mulchaed immediately and then seaded at the
proper time with prasn snd lequme speciesn adapted to the area. Mulch can either be
removed or worked into the anil after i1 ie no lonser needed for protection. The
application of nsphalt mulohes ond other apents may aneint in ptalbilization, particularly
during perinde af high intensity rainfall, The hydre method of applying Fertilizer, seed,
and muleh, 1a effective durine the growineg acaaon.

Animal wante dinronal practicesar In our concern ahout pelluting the environment, we
have not taken full adwentare of the preat capacity of our neils to abrorh wastle
materials (Carleon and ¥enmies, 1970). S0il can absarh orsenic wastes and biologieally
break ther inte compnunda that can reenter the natural oyele of nplant and animal 1life.
The foil can alao act na a livine filter For many of the inorganic pollutants. Cawilion
must be taken to awid damarsing goilem by applying amounts that exceed the goils' capacity
to mbperb these effluente.  Properly planned land sareas uged for wngte disposal can serve
upeful purpoaes as rreenbelts or for asricultural preduction (Wevbar, 1971).

Bvidener ghown thet rineff frem concentrated livestorl feedlots can he A major dource
of pallutinn to surfroe waters. These and other related problems can be prevented 47
animal feedlots arc located in arean lesa prone to runcff thail releases wastes directly
tn atresma or to Adir movements thet ecarry the odours to residential arens,

The mont matiafartory enlution for oaniral waste includes some type of initial treat-
ment followed by dispasal an land (Loehr, 1972). FPormible initial treatment methods
inalude nerated limuid eysters, netural dryins aystems, mineff conirol measures, and
waste=halding vnitn. In nverall animal wacte management 211 amspecta of the production
acheme ghould he evaluated for intersctions and tradecffs in order to pet an acceptable
environment Tor the puhblie and an ademuate profit for the nroducer.

The deairm of a runoff control facility for a livestack feedlot must include some
means of handline the so0lid ag well as the limuiid waste {Gilhertaon ot al., 1971).
settleadle solids should he romoved from runeff before it reaches a liquid detention pond
ta avoid overloaded anaerchie conditions nnd 4o prevent lose of liguid mtorage capacity.
The deaipn yolume of liquid detention pondn will depend en the climate, area aveilable,
and method of disposal. If the effluent is to be used for crop irrigation, the type of
plant muset he earefully selected hecaume of the salt content of the effluent.



301l pelentiat A, Earl Erickaon (19?1) of Hichigan State University developed a simple
wagte treatment system that removes 99.8% of the phosphate and 99.5% of the nit}ogen from
animal wastes. The system ie basically & mound of soil 4 feet hiph, 25 feet wide, and of
eny lensth topped with limestone and set on a barrier that ie’impermeable to water.

Lirfuid wantes are ppread on top of the mound with a sprinkler syetem.

The 20il in the mound decomposes orpanic materials into carbon dioxide and water.
This layer also converts all nitrogen in the wapte to nitrate, which ie then carried
with the water to the bottom layer. At the bottom the nitrates are changed into nitrogen
gam, which is released back into the atmomphere, Waste material added to the system had
an averase nitrosen concentration of 340 parts per million., Water coming out of the

gyatem had only two parte per million nitrogen, which means that 99,.8% of the nitrogen
had been removed.

Erickson gays this system is about A0.times more efficient than apreading liquid
manure on cultivated fields, pastures, or woods and depending on the plante to haryest
the nutrients.

Althoush a preat deal is now known and much can be done to reduce water pollution
from livestock feedlois, there is need for additional research. More needs to be Known
about methods and safe rates of application of wagtes to the soil and ite influence on
growing plants. In addition, new methods for the disposal of large quantities of wastes
need to he investigated.

Mimieipal wapte disposal practicest FEvidence presented earlier showed that many
mmmicipal waste disposal planis dvmp larpe quantities of nubtrients into streams and lakes.
Studies have been under wey in geveral places in the U.5. 4o ewaluate methods of applying
gewara effluent from municipal plants to woodland aream and to cultivated fields.

4 mood exnmple of how trested seware effluents can be used.on the land is the aystem
developed by Fardos and associates (1970) at Permaylvania State University {Carlson and
Menzies, 1970, The ohjectives of these studies were to return sewasze nutrients to the
lend, restore provndwater, awveid stresm pollution, and eliminate the need for adding
chemical fertilizer to cropland. The sysfen inwwlves using the water and nutrients in
geware effluent on Torest and cultivated erops. Yields of treated cultivated and forest
eropas were about douhle those not receiving the effluent., The data indieate that the
gystem, modilied to suit loenl conditions, liolds real promime for solving waste disposal
problems, eapecially in omall citien and villages.

Sewmare effluents have heen applied to land in Turepe for up to 100 years, and at
geveral sites inm the 1.8, applieations hawe been in prosress for over 50 years (Carleon
and Menziea, 1970), The composition of the effluents has been yariable, and the
application rotes on a dry weisht haeis have ranged from legeg than 900 kilaopgrams per
heetare to ower 90,000 kileprone per hectare.  Tn general, there han heen wvery little
o drneae af harmfnl effrots on oronr oT enile.

One of the dangers in the usge of municipal wastes thot needs to be evaluated more
carefully is the effect of toxic metals on roile and plant growth.

In review of the importance of toxiec metals in seils, Lagerwerff, 1967 (Carlson and
Menzies, 1970), warns thal 1t is possible for a number of these metals to enter the food
cycle by way of the soil. Copper, zine, and nickel can be a rrablem throush texicity to
crop planta. Cadmiuvm and leszd, on the other hand, may be hazardoun to man and animale
eating the erop., Cadmium is of conaern because it is absorhed readily by many epecies
of plants. Cadmium can be sbrorbed in the body and has heen related to camliovascular
disturhancea and derradation of certain body tiesues.

Lead acenmilates in the surface spil (Oarlson and ¥enzies, 1970). Mozt research
data sureest that plant contamination eccours by lead denopition from the aimosphere.

i



However, there ia some evidence that lead translocates from root to shoot. Unfavourable
effects of toxie metals on plants generally can be alleviated by keeping the soil pH above
£.5. Almo the organic matter in soil or in the sludge tends to reduce the toxicity of
metals to plante. There has bean concern alsa about methylated mercury in the environment.
Therefora the mercury content of thease sludpes needs to be evaluated.

The poil can serve as A good media for reeycling wastes, but care must be taken that
runoff or seil percolation does not contaminate water suppliea.

Uging Soil Mape to Evaluate Potential Hutrient
Enrichment of Natural Waters

The materials diascussed this far have dealt largely with factors affecting rutrient
enrichment of natural water and methods that can be uped to reduce this problem. The
intent in thie section is to show how remearch data and experience can be projected from
one area to another through the use of ao0il mape and fo show esome general relationshipse
of broad soil resione of the world to hasards of water pollution.

80il maps with appropriate interpretations can be wvery upeful in predicting areas
of potential moil and plant nutrient losees, some of which may contribute to water
pollution. In addition, they provide a basis for selecting alternative measures for
avoiding or for overcoming those harards related to waler pollution.

Six mmall-scale maps (Approximately 1u5ﬂ,ﬂﬂﬂ,0@ﬂ} hawve heen prepared by the Soil
Geogranhy Unit of the Soil Conservation Service, USD4A, 1971. Thess maps are too small
and too general for planning purposes but can serve as exampleas to show some of the
kinda of interpretationa that can be made from more detailed soil maps that are avwailable
locally.

Sc0il map of the worldr This map shows the general distributien of soils claesified
at the higher categorical levels (order, suborder, great group) of the new classification
system recently dewveloped by the Soil Conserimtion Service, USDA (Soil Geopraphy Unit,
1972y and Seoil Survey 3talf, 1972}, Only the most extensive areas of soil orders, and
the dominant suhorders and great groups within them, are ashown.

For this discussion, an abbreviated lepend identifying orders and dominant subordera
is provided on the map. Accordingly, the lezend explains only the Tiret two charactera
of the three—character symbols. However, the complete legend for the publieghed map will
provide explanations of the three-character symbole and brief definitions of the orders
and muborders appearing as mapping units on this map. For more complete definitions
of the components of mapping units, the reader shonld refer to Soil Taxonomy—A Basic
System of Soil Claspification for Use in Making and Interpreting Soil Surveys, now in
prese (Soil Survey Staff, 1972).

Information about the orders and subsrders provided in the complete legend includes
& variety of data, such as soll moisture regimes, soil temperature regimes, base supply,
and moil texture. More specific information about soil properties can be obtained from
information inferred from mapping imits identifying soils at the great group lewvel.

This soil map, as with all basic soil maps made in the United States by the National
Cooperative Soil Survey, provides the basic soils data needed for making meaningful
interpretations. Individusl soil properties or interpretations of combinations of soil
properties taken from a basic map can be assembled in a lepend and a map prepared that
can be upeful for specilic purposes. From the bapic soil map many different kinda of
interpretations can be made, such a eoil wetness, eoil texture, soil temperature, organic
soils, high shrink-swell soils, soil permeability, and the potential productivity of

different plants.



One example of how 2 soil map can be used to project research data and experience is
demonstrated by a study made in Missouri (Linville and Smith, 1971). This gtudy shows
that nitrate did not move down ne deep or as fast in soils with slowly permeable subsurface
layers {Aquic Arpuidolle and Udollic Alhaqualfs} as it did in permeable soils (Typic
Haplundolls). Thus, the potential for groundwater contamination is much greater on
permeable poils than on plowly permeable soils. The data obtained from this study apply
equally well to other areas having similar peil and elimatic conditiona.

Soila: moisture remimes (map): By ewvaluating the different moisture regimes expresped
in the new soil classification eystem (Soil Survey Staff, 1972), it is poseible to combine
the 120 different kinds of scil shown on the basic soil map into eix soil moistura
catemorien, 'heae catesnries are showm m the poil legend as{1)soilas that are we all,or nenrly
all year, (?)soils thet are meist all year,(3)soils that are uweually moist but dry for periods
emounting to less than 3 monthe per year, (4) solle that are molst part of the year and
dry for periods amounting to more than 3 months per year, (5) soils that are moist during
winter and dry during summer, and (6) soils that are dry all year and are seldom moigt.

Thisg kind of a map alone or in combination with other data can show potential for
different kinde of plant production, need for irrigation, trafficability, dust hazard,
potential proundwater contamination throush leaching, and hagard of soil ervcsion and
runoff. Many applications can be made of this kind of map. Sewveral are quite obvious as
they relate to nutrient losses and water pollution. Seile that are dry all or meost of
the year are not likely to be potential sourcea of high plant nutrient logses except
possibly if the moils are irripated and the management practices are poor. This in
general would ineclude items ghown in the legend as mappine unites 5 and 6. COwver 25 percent
of the s0il surface of the world is in this grouping.

Soile in category 4 that are molist part of the year and dry for more than 90 daye
mey present problems, eapecially in hot climates where high intensity rains occur over
short periode of time, resulting in much erosion and runeff. Alsge, during the dry season

.plants die or are dormant and do not use up nitrate aceumulated in the soil.

Arable soils in catepory 2 and 3 are potential sources of plant nutrient losgpes if
geod soil management practices are not followed.

Bome of the arable soile in catemories 1, 2, and 3 are potentirl for groundwater
contamination through percolation if pgood management is not uped.

Soils: surfece textures (map): BSurface aoil texture can be an important soil
property when evaluating such items as traffieability, infiltration, workability of soil,
plant gelection, and wind and wnter ercsion hazardes. Research results reported earlier
by Wischmeier et al., 1971, show a very close relalionship betwesn surface goll texfure
and so0il eredibility. A potential erosion index map could be prepared by relating acil
texture and other important soil properties (organic matter, soil structure, soil
permeabllity, soil mineralogy) with total enerpy exerted by rainfall.

General pattern (schematic) of annual world precipitation {map): This map shows
anmial precipitation superimposed on a map showlng surface soeil textures. The composite
map relates to factors that are especially important in evaluating the potential erosion
hazard of bare soil. Although rainfall intensity is 2 better index Tor evnluating
the total energy expended during a rainstorm {Wischmeier and Bmith, 1965}, there ig a
relationship between total precipitation and total enersy 'expended.

It would be reagonable to assume from the svidence presented earlier in this paper
that, by keeping all other factors constant, the greatest erosion potential would ocour
in those areas having the hirhest rainfall and with soils with a =2ilt or silt loam surface
texture, Sandy soils with wvery slowly permeable subsurface layers alsc have a high
erogion potentinl., The least erosive soils are those with lege than 10 inches of
precipitation and a sandy or clayey surface,



By obtaining elimatie data from loecal stationg to show total enerpy from rainfall and
relating these data to kindes of soil, a map could be prepared showing those soil areas
having a alight, moderate, or severe erosion hagzard.

Erogion index (FI) values shown in table 1 were estimated for selected locations in
the world in an attempt to show, in a wvery general wey, valueas for the five rainfall
rerimes ghown on the achematic world precipitation map. Theee were entimated from normal
monthly precipitation and normal monthly mumber of daye with menguratle precipltation
(Newhall, Franklin, U.S. Department of Agrieulture, Soil Conmervation Service—personal
communicationa, 1972).

Table 1, Fatimated Frosion Index (E.I.) ?hlue&lx

Rainfall Rerimea Fet. E.TI. Location
Over 80" PPT 651 Bombay, India
B61 Belem, Brazil
2/ .
40=80" FPT 154 Birmingham, Alabtama (USA)
33 Corrientes, Argentina
20-0" FPT 1363K Tes Moines, Iowa {usa)
252 Kano, Nigeria
10-20" FPT a1 Malaga, Spain
B9 Janin, Jordan
Lesa 10" PPT 65 Neoamd, Wiger
24 Ciudad Lerdo, Mexico

i{ For location outside of the United States the postulated within-month
digtribution of storm rainfall amounte was calculated using the gamma
distribution for otorm rainfall, The kinetic enerpy E was computed using
the storm total and twice storm average rainfall, The ghort interval intensity
wag A funotion {1f2] of storm size. The separate productes of EI value for each
postulated etorm were summed over the year to get the EI index.

g/ Taken from Apriculture Handbook 282,

The 1imted data in Table 1 show that a relationship exists between total precipitation
and the erosion index. Recommizing the limitations of these data (Wischmeier and Smith,
1558}, one can classify the potential erosion areas of the world in fiwve broad clasoest
high Eovcr PO}, moderately high (40-80"), moderate (20-40"), moderately low (10-20"), and
low (less than 10").

Areas of hipgh potential erosion hazard that are bheing cultivated are also most likely
to Le arema with a high potential for nutrient enrichment of natural waters. Wany
meanineful interpretations and projections about soil erosion and nutrient enrichment of
watera in an area can he made from specific seil and climatic data.

Principal areas of produciion of selected food and feed crops {map): This map shows
where most of the world's principal food and feed crope are grown in relation to the major
kinds of seil. Data presented earlier in thie paper show that with the exception of paddy
rice, mogt of the sediment originating in rural areas comes from cultiveted soile. By
relating land in eultivation to climate and to kinds of goil, it is possible to locate
thope areas where potential losses of soil,water, and plant nutrients needed by plante are




high as well am show potential eources of soil and nutrient envdchment of surface waters.
Arean of moderate to high rainfall with solls that are moderate to rapid in permeability
are potential sources of mutrient losses through percolation. The solil areas now in
cultivation that have moderate to severe erpsion hazards are the ones that need aspecial
conpervation practices to prevent soil and runoff rich in nuirients from entering surface
watera and hecoming pollutants.

Diptribution and density of population (map): Thie map showe three classes of
population density (low, moderate, and high) per square mile and per square kilometer
puperimpnoned on a general soil map. " High population denpity areas present major water
pollution hazards because of (1) high runoff and erosion from construction and builtup
areas, (2) wastes from municipal sewage dimposal systems mnd from food-processing
chemical and other industrial plants are wsu=lly dumped in nearby streams, and ij arable
soilas near large cltien are usually Carmed intensmively., Safe disposal of wastes in high
population deneity arean is especially difficult in areas of high rainfall. More
attention needs to be plven to the upe of acile an a medium for the disposal and re—
cycline of wmatea. Soil areas that are safe for this use can be selected throush the upe
of a detailed soil map. BSoil maps cAan alse be used ag a guide in selecting sites for
homen, btuildings, and roads. In this way, soils i1l suited for these uses can be avpided
thereby saving large pume of money in maintenance costs,

Summa

One of the first and most important steps in the development of a plan to improve the
environment by reducing soil erosion and runoff ie to have =n inventory of the soil
resources. 5Soil maps prepared by pedologists with needed interpretations provide basic
soils data nesded to determine the location and extent of each different kind of soil and
gnd ite potentlal For varioua uaen,

Plann can be developed to minimize moil and water lomees through proper moil.selectien,
and conanrvation practices can then be applied. Nutrient losees can be held to wery low
levelas by usinm known conservation practices. Although the apnlication of presently kmown
methods can reduce preatly the present rate of water pollution, new repearch is needed to
develop better methods for the disposal of the greater rquantities of human, animal, and
induntirial wastes that will be produced in the yenrs ahead.
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THE EXTENT AND EFFECTS OF ATMOSPHERIC POLLUTION ON SOILS

Svante Odén
Department of Boil Soience, College of Agriculture,750 07 Uppaala,Sweden.

Man's activities take place mainly in a thin layer of air near the ground, and both
direct and indirect emissions into the mir give rise to local, regional or even global
distribution of man-made produote. Radiocactive subetancee, ineecticides, bydrocarbons,
heavy metels and exhaust products from industiries and urbar areas are thus emiited into
tha atmosphere and they may be distributed all over the Globe. Thies widespread
distribution ie now a well-known fact for some compounds such as radicactive lesotopes,
chlorinated hydrocarbons (DDT) and lead. For other substances the distribution pattesrn
ie mora local - or seems to be more local due to lack of information. In the long run,
hewever, all emissions will be globally distributed.

411 elemente and compounde in the atmosphere are cycling between the air and the
ground (soil and water). If the cyoling epeed is high, the residence time in the atmosphers
must be low and the distiribution area from the source will be small. On the other hand,
the amount of fallout will be high and effacta (if any) will show up in a short time.

Since the residence time for different air pollutants varies from hours to years, we have

8 corresponding variability with respect to the amount of fallout and the distributional
pattarns. The mituation is complicated not only due to the spectrum of matecrological
factors but also to the variation of the eink processes, s.g. rain out and wash dut, =soil
conditions, type of vegetation etc. To soma extent the problems of air pollution and
relested effects on soils and waters can be iresated theoretically. To ba on safe ground in
8 specific case, however, we still have to handle the problem experimentally, e.g. by data
from pampling networks. In Europe and more specifically in Sweden different networks

have been continucusly operating eince 1952, The following ie of interest for this
conferences

1. The European neiwork for the chemistry of air and precipitation,
2. The Scandinavian network for the chemistry of lakee and river water,
1. The Swedish network for the determination of pesticides in natural soils.

4. The Swedieh network for the determination of heavy metale and the chemistry
of natural soils.

In addition to these networks, which have the purpose of checking the chemical
quality of our environment and its changes with time, other studies are coordinated such
as detailed synoptic studies, loocsl studies around a eingle point source, gtudies of
artificially polluted soils etc. One of the greatest air pollution problems in Europe
at present — SULPHUR IN ATR AND PRECIPITATION - has been treated along all theese linea and
the result will be presented by Sweden at the UN Conference ‘on the human environment a2 a

Caga Study,




l. THE CHEMICAL CLIMATE

The atimosphere conialne not only a number of gases that are chemically more or less
inert tut alsc a large number of substances (normally at low oconcentrations) which are
highly reactive both within the atmosphere and with soil, water and vegetation. Everything
related to these chemically active substances is incorporated into the term "The chemical
climate". Before the industrial periocd the chemical climate was more or lees conetant and
the rate_of change of any chemical parameter with time was probably in the order of less
than 10™* % per year. Since the cyclic and random variation within a year is approximately
3 order of magnitude larger, time trends of natural origin was not likely to be detected
exparimentally.

At present the situation is quite different. From the data of the atmoaspheric—-chemical
network (cf. Figure 1) we have now time meries since 1354 or earlier of 10 elements. Some
of these elements show very marked and consistent changes with time., The chemlecal climate
is apparently rapidly changing at present. This will effect the environment in many
raspects, positively or nogatively, depending on the kind of substance and which part of
the environment that is affected. An increase of ammonia, for example, is beneficlal to
plant life but is tochniocally detrimental due to Increased stress corroseion.

Figure 1. The dots on the map denote the gampling stations of the Buropean atmospheric
chemical network. All the stations are not administratively coordinated. In some loecal
areas the network density is much larger. Sampling time is one month for both air and
precipitation.



NITROGEN (NO, AND NH,)

An element of great biological interest is nitrogen. The addition of nitro
NHE} from the atmosphere to soils, lakes and rivers determines to some extent tﬁ:npigsj =
duttivity of these systems. By increasing fallout the aystems will be more eutrofic. As
can be seen from Figure 2 the fallout of NO,—N (as Kg per hectre and year) is steadily
inoreasing during the measuring period. Tha variation betwsen successive years is more or
less synchronous, which illustrates the effect of the physical climate. The natural back—
ground value for the non polluted situation seems to be around 0.5 Kg NO.-N per hectare and
year. The present day value at the South-westerly part of Scandinavia (;1, As) is around
3 Kgy an increase by a factor of 6. In northern Sweden (Fo, Ro), being more remote from
the emission sources, the corresponding factor is around 4.
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6
4 -
A
2'1 f{z LY
rf’
0 -

1955 1960 1865 1970

Figure 2., The curvee show the yearly increase of nitrate in the yearly precipitation.
The increase is largest in the South of Scandinavia (Pl1r As). The peculiar behaviour of
the German station Ho has not yet been explained.

The obzerved effect is most likely due to three man-made sources: the inoreased burning
of fossile fuels, the convertion of Nz to WO, by high temperature engines and thirdly the
large increase in the use of nitrogen fertilizers. About 8 million tons of nitrogen
fertilizeras is consumed annually in Burope and this figure increases approximately by T%
per year. An almost equally large increase in the fallout data has been observed at a part
of the stations of the atmospheric chemical network.

The relationship between the use of ferdilizer-N and the fallout of fixed nitrogen is
visualized in Figure 3. The map of the annual use of fertilizer-N per unit area of each
country is fairly congruent with that of the fallout. The cenire of the emission coincides
with that of the deposition. If fertilizer-N should be the only source to the fallout-N
one can compute, that approximately 30% of the fertilizer! is added annually to the
atmosphere in one form or another.
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Figure 3. The left map shows the distrimtion of the use of fertilizerN in EFurope,
Figures are given in Kg per year and hectare for each ocountry. The right map shows the
distritution pattem of the fallout of nitrogen (H03 and m{3}. Figures in the same unit.
Note the similaritiy in the pattern of the isoclines,

In many lakes and natural seils, the amount and availability of fixed nitrogen 18 a
limiting factor in the production of organic matter. Therefore growth conditions ought to
ba improved on forest soils due to the inoreased fallout of fired nitrogen. However, this
is not known for the present and other factors of the chemical olimate such as the in—
creasing acidity of air and precipitation may be counteracting the axpected increase of
growth rate. The reported increase of the eutrophic state of lakes and rivers in Sweden
and Norway may, on the other hand, be an effect of the inoreased fallout of N. Howewar,
specific studies in these respects have not been made yet,

SULFHUR

The emission of sulphur into the atmosphers both in connection with various industrial
procesdes, the production of energy and for heating purposes has proved to be a major
envirenmental problem in Furope, part.of U3 and other highly industrialized areas., In
Burope, the sulphur emitted into the air by human activities makes up approximately 808 of
what totally exista over that area.

Sulphur ocours in the atmosphere mainly as 505, H 504 and H-3 and the average life time
for these compounds in the atmosphers variea from 2 +5 4'days. The corresponding tranaport
distance ia more than 1000 km. The many sulphur sources in Europe will thus "cooperats®™ in
forming a chemical climate where sulphur playe a dominant role.

The acidic character of most sulphurous compounds gives rise to a variety of damages,
Concentration effects show up on human health, deterioration of metals and building materials
and on vegetation. Acute damages on plants are well known in many industrial areas, At high
concentrations the celle are plasmolyzed; at lower concentrations a destruction of the



chlorophyll occurs. Direct chlorophyll damage through the effect of sulphur dioxide exists
even outside areas of acute damages. Plants and deciduous trees with a rapid annual eiroula-
tion of the chlerophyll substances should therefore not be affeoted in the same way as
coniferous trees. For those tress the cumulative effect of sulphur dioxide leads to &
destruciion of the chlorophyll since the life time of the neddles im up to 7 years.

Lichens hiee also proved to be a sensitive indicator of sulphur dioxide in the air. At
increaved content, the lichens die (chlorophyll death of the green algae of the lichens).
Such studies can therefore be made %o evaluate the distribution of air pollution. The
susceptibility of lichens has alse a practical slde., Large parts of the mountaine at higher
lutitudes arc covered by lichens. In recent years the growth of the reindeer lichen han
been reduced. If this is related to a peneral acidification of air and precipitation the
reindeer husbandry will be ot danger in these areas.

The accumulated effect of the fallout of sspecially HESO will affect arable land, forast
golls, lakea and rivera. On the other hand sulphur is an ESQEntial element in plant life and
one could believe, that an increase of the fallout of sulphur should ba beneficial to plant
life. TIn Sweden, however, the addition of sulphur has had no positive effect in this respeot,
The increased fallout of sulphur has, on the whole, consequently a pnegative effect on the
environment.

Fipure 4 illustrates the fallout piecture of sulphur over Bureope in 1957 and 1963. Thers
is a general inereazse in the sulphur concentration in the yearly precipliation between thesa
twe years. For Scandinavia the figures were almost doubled. The poneral distribution pattern,
however, is fairly oimilar between the two years and reflects to some extent the position of
the different emiosion areas. The long-range transport to the outer areas of Eurcpe is well
recognized for the year 1963,

S «0.5 0.5-0.7 0.7-1.0 1.0-14

Fijure 4. The maps show the distributional pattern in Burope of the yearly concentration
of pulphur in precipitation. 5 denotes only man-made sulphur. Figures are given in mg per
15..1-]"31 v

Changes in the fallout of sulphur by precipitation due to increased emission into the
atmosphere (3% per year) does not proceed smoothly. Actually the fallout varies conaider-
ably from year to year, which indiecates that sulphur is effectively coupled with some other
gource—sink reservoir for sulphur. Both soils and waters contain large amount of sulphur
per unit area and exchange reactions will take place between these reservoirs and the
atmosphere. During wet conditions HoS will be formed in the soil and emitted to the atmos-
phers. After oxidation it will be brought back to the soil and will be measured as an
apparent increase of the fallout. Sulphur is thus mora or less continuously looping between
the atmosphere and the soil and the yearly fallout is to some extent a function of the number



of loops. Examples of the yearly concentration of sulphur in precipitation are given in
Flgure 5, .
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Flpure . The ocurves show the inorease of the sulphur content of the yearly precipitation
at Ty in Denmark and Pl and Ar in Sweden. The thick lines give the approximate trends for

the period 1955 to 1970,

Though variable in time the fallout of sulphur does actually increase with time. This
is well recopnized from changes of the sulphur content in the Swedish river systems, which
hove been intermittently investigated since 1909. A threefold increase has occurred since
that year and in South Sweden the discharpges by the rivers have increaped from T to 22 kg
8 per hectreand year. Since the man-made sulphur mainly is brought to the soil as 30, or
H,50, but leaves the soil as a salt, considerable amounts of cations muat be extracted from
the ﬁoil. Data in this respect are aleo obtained from the Swedish water chemical network.
A consequence of this ie that the soil will be less fertile.

THE ACIDITY OF ATR AND PRECIPITATION

Excess acids in precipitation such as HESD ¢ HCl and HNO, leads to itas acidification -
the pH-value decreases. Figure 6 shows the digtributinn of %ha acidity of the annual
precipitation in Burope for 1956, the first year in which a regional mapping was possible,
Although the network of stations was not completely developed at that time, it can ba seen
that an acidification centrs with a pH-value less than 5.0 occurs over eastern England,
Holland and Belgium. Large parts of Scandinavia had almost neutral precipitation.

In 1959, the situation had markedly changed. The "less than pH 5.0 area" had axtended
greatly, particularly in a north-easterly direction. A new acid class, less than pH 4.5
had now occurred over northern Germany, Holland and Belgium. The avallability of Russian
data for the years 1958-1961 has made it possible to establish the position of the "epi-
centre" of the acidification (Holland, Belgium and W. Germany).

A8 can be @oen on the maps from 1961 and 1966, this epicentre did not change in place,



but the acidification was constantly increasing outwards. From 1961 the annual precipitation
within the cenire had an acidity of less than pH 4.0. This is such a high acidity that
corrosion will be highly improved. Direct vegetaiion damages can also be expected, parti-
eularly since occasional periods of precipltation have an acidity around pH 3. In one case
pH 2.8 was actually measured in Sweden,

A5-40 pH<40

Figure 6. The maps show the distributional pattern of the yearly average pH-value in the
precipitation. Note the increased acidity in Central Europe and over most part of
Soandinavia. The situation is somewhat more acid in 1970 in comparison with 1966.

On the map from 1966, it can be seen how the acidity hal extended across Socandinavia.
South-weatern and central Sweden and southern NWorway in particular were exposed to highly
increased acidification. If we disregard this effect as being due to climatic fluctuations,
this trend has not changed up to 1970. In eimilarity with sulphur the annual mean pH-value
of the precipitation variea from year to year. The negative trend is nevertheless wvery
clear. Thise is illustrated in Figure 7. The Norwegian stations at Kise and As show a more
negative pH-trend than the 3wedish stations. This may be due to local emissions from Oslo
and to the topography of the surrounding mountains. Most network stations in Europe have a
negative pH-trend. Stations far away from the industrialized heart of Europe are almost
unaffected as far as we know at present. ’
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Fiqurs 7. pH-measurements at the stations of the atmospherio chemical network show decreas-
ing wvalues for the most of Burope. The points on the curves are annual mean values, Tha
Btations Ke and As are situated in Norway, the rest in Sweden.

Emissions into the atmosphere of acldifylng substances such as sulphur dioxide,
sulphuric acid, hydrochloric acid and nitrioc acid give also the alr an amcldic character.
In many cases, the air is more "ageresasive" than the precipitation. It has been found, for
example, in studies of the rust formation on iron plates, that the downward side of the
plates in certain places corrodes more than the upward surface. Relatively, precipitation
can have a cleansing effectl Thie applies also to tuildinga. The greatest damages are
often found in preciplitation-protected positione such as under gutters, balconies, window-

8ills eteo.
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Figure 8, The diagrams give examples of pH-changes (trend and amplitude) over the last
5 years for four loake-river oystema in Sweden. The negative pll-trend oocours also at all
the other river syutems bLeing exwnined.

The acidity of nir and preeipitation has widespread sffects, DBulldings, bridges and
ather teehmiowl censtructions are subject to corroslon and other material deterioration; the
health of Man mand maimals io fmpaired within the moot affected arens; direct damapges ococour
on micro=crominma and hipghor plantogy indireetly, the pupply of nutrients to tho plants will
be depleted by acid leaching of the moily and finplly lakes and rivers beacoma aclidified,
wileh affeebtn prowth and reproduction of Tich.

Measurements in a larce number of Swedish lakeo and rivers show that the pli-value has
dropped during the yeara 196%=1570. Chanpes have been greatest on southern and central
Sweden - that io to aay, within the area whers the precipitation is most acid. There dis
coneequently a clenr connection both in $ime nnd in spacc betwoon the pH of the precipitatien
and the pil of river waters. Figure § gives examples of the variations month by month of the
pH-value of some of the examined rivers. The nogative trend for these water aystems is very
clear., Fxisting fluctuations are partly due to variation in blological activity during the
year, and partly to the wariation between surface water drainage and ground water drainaga,
the reservoly characteristico of the water system, industrial discharges etc.

In the case of lake V;nnrn, the water im acldified at n rate of 23} per cent per year, and
in the river Klarilven at 10 per cent. These watar courses have bocome two to four times
more ncid within a period of only five years. It is of interest to note that a water system
as lake Milaren is neidified at ouch a hirh rate as 12 per cent a year. The drainage ares
of lake !Mlaren is in fanct calearcous whioh should ncutralize the acid preoipitation. The
larme water surface of lake Milaren (11 percent) and also that of BotorpsstrUmmen (about
& par cunh} may have the offect that a conolderable amount of acida fallas directly on the
lake surface. The effect of acld water san be so strong that fish will flee from these water
systems or that opawn will not hatch out. Lakes end rivers more permanently acidified are
ugually empty of fish.

Acid precipitation falling on soils leads on one hand to a depletion of the nutrient
supply in the soil, on the other to reduced pH—values, This in tum will influenco the
solubility of different nutrient slements and also the microblological 1ife in the moil.
In the long run, the pH—value of the soil will be adapted to that of the precipitation,
around pH 4.2. The time scale for this process of adaptation cannot ba given at present,



ginca 1t dependa on many scll factors which have not yet been investigated. Since the hydrogen
ion haa a very high adsorption energy on the soil colleids, other cations such as sodium,
potassium, calcium and magnesium will be adsorbed by ion exchange and washed out by the pre-
cipitation. The content of adsorbed cations in podsolized forest soils is rather small and
amounts to only 1,200 to 2,000 kgfha. The turn over time for these cations due to the fall-
out of acids can be calculated to be arcund 150 years. Thie means that the base content falls
to 50 per cent after about 100 years, to 25 par cent after 200 years and sc on. The process
will not follow this mathematical relationship exactly, since weathering of the soil minerals
will release a certain amount of bases, which componeates the losseas. An inveatigation of
Scandinavlian forest soile was made in 1970. Some of the resulte are given in Figure 9.
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The impoverishment of forest soila muat be considered a long term reality and is of
course related to the rotation pericd of forest trees; in Scandinavia from 75 to 120 years.
The pregent forest generation will thus be subject to & reduced supply of calcium, magnesium
and potassium, which will cause poorer tree growth. FParticularly these parts of Sweden and
Norway with large amounts of acid precipitation will be moot susceptible. GSpecial attention
phould also be given to the fact that quite large forest areas in Scandinavia' already have
a very low content of bases {cf. Fig. 9b & ¢). The base saturation figure is actually lesa
than 106 that is to say that more than 90 percent of the base cutlnnq already consist of
hydrogen ions. The margins are consequently very small.



2. THE ACCUMULATION OF CHLORINATED HYDROCARBONS IN SOILS

It is now a well-lnmown fact that many organcchlorines are found almost in every part
of the world., This muat be due to a large-acale atmospheric transport and redistribution
of these pesaticides since they are used more commonly oenly in the tropical and the temperate
zones of the world., The fallout on solils may eventually lead to a continuous acowmlation.

Some years back the annual use of DDT in the world was approximately 200 000 tons and
totally about 2 million tons have been emitted into nature. Due to the long resldence time
of DT in soils (5 to 15 years) a considerable part of the total output is still under-
composed, and, due to ito volatility, DDT will start s global cycling.

In 1966 we started an investigation on the chlorinated hydro-carbons in natural systems,
such as soils, sediments and river waters and some results will be presented at this confer—
ence. S0 far only soils have been studied in detail., Soile from about 400 localities have
been sampled and analysed. They represent most types of Swedish soile with regard to origin,
envirenmental facters, and the use of the scils such as, cultivated soils, pasture and
forest soils. Samples have also been taken at different depths in erder to study the
vertical distribution pattern. The following organcchlorines were investigated: Lindone,
Aldrine, Dieldrine, DDT, DDD and DDE. After the discovery of the polychlorinated biphenyls
(PCB) by Dr. Jensen, these compounds were also included in the determinations.

The frequency distributions of all data of the top soil are given in Figure 10. The
concentration levels are logarithmically spaced. The cultivated soils (upper diagram) seem
to consist of {wo different distribution functions. One iB centered around 6 ngfg soil, and
the other around 125 ng/g soil where the first relates to untrcated and the other to DDT-
treated godls. The low level dietribution function will then represent seils that have not
been treated with DDT, and the oceurrence of chlorinated hydro—carbons in these soils must
be a result of an atmospheric transport from either adjacent fields or remote sources.
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Figure 10, The diagrams show the frequency distribution of = DDT for three different soil
types. Pasture and forest soils, not being treated with DDT, show increasing values in

relation to untreated cultivated soils.



The frequency distribution from pasture soils i@ unimodal (middle diamgram). The highess
flgures amount to almoat E500 ng/g go0il., Thae most probable value 18 around Eﬁrngf; gull,
Thia figure is higher than the corresponding figure for untreated, cultivated aolle (& nzlg
soil). This indicates that pasture soile provids more favourable conditions for accumulation
than cultivated soils, or that the rate of removal of the organochlorines from the soil by
decomposition or evaporation is reduced.

Among wuatreated soils, those which are least exposed to sunshine and high femperature,
have ihe nighest figures. This is shown by the frequency dietribution for foreet soile (lower
gurve}. The most freguent valuos appear around 50 ngfg soil, Only a few values exceed
400 ng/g soil. Howevar, it is rather surprising to find that, on the average, the highest
figuras are for forest soile., They have not been treated with organochlorines, and the
gampling were mostly Tar away from farming areas. Consejuently, the occurrence of Lindane
and UDT in forest solle must be dus to both a large secnle atmespharie iransport and a low
decomposition rote owing to low exposure.

Te summarize; Untreated Swedish soils contain different kinds of organochlorines, whose

goncentrationa increase with deoreasing exposure. The sltuation for DDT and Lindane is
tabled below.

Seil Type Most frequent concentration, ngfg
= DDT Lindane

Cultivated soile f &

Pasture solla 25 20

Forect moils S0 40

The peraistence of the organochlorines in soils varies with both type of compound and
soil conditions. We asoume a figure of 5 yeara to be roasonable for Swedish conditiono.
By means of this figure and asouming an annual Swedish consumption of 50 tons of DDT (before
the ban of DDT, 1 January 1970) we may estimate the expected amount in Swedish soile undar
gteadystate conditions. We then obtain a figure of approximately 250 tons. On the assump—
tion that thers,is no "sink" whatsoever, the total amount of DDT used in Sweden gince ite
introduction hera, can be estimated to about €00 tons. Consequently the expected amount may
vary between 250 and &00 Lons.

On the other hand, the actual amount of chlorinated hydrocarbons in Swedish soils can be
fairly well determined from our present data., The figures 1isted below refer to m ooil depth
of 15 cm.

Soil type £ DDT, tons Lindans, tone
Cultivated soils 1,000 130
Pasture soils 50 30
Forest ooile 1,300 700
Total for all soils 2,350 860

In addition to the above figures, certain deposits of DIT and Lindane ooccur in sediments
and in deeper soil layeras. Especially the B-horizon in podsolic soils show accumulation,
probably due to the high adsorption on iron oxides, From our present data we can only
astimate the deposits in the subooil (below 15 cm)., They amount to roughly 550 tons of
% DDT and 250 tons of Lindane.

There is a very great difference betweon the amount of =DDT actually found in Swedish
soils, around 2,300 tons, and the amount that could be expected, around 250 tons. Consequently,
there must te some source of the organochlerinea other than dissemination within the country



The only explanation is, that considerable atmospheric fallout occurs both as direct adsorp-
tion from the air and as washout by precipitation. We have actually found DDT and its

metabolities in snow during a period of the year when DDT has definitely not been used out-
doors in Sweden. -

In order to account for an excess of < DIT, in Swodish soils, amounting to 2,650 tons
(2,900 minue 250) the annual atmospheric inflow can be estimated to be about 600 tona. Thie
is of course a rather rough figure, since, on the one hand, the estimates are based on the
assumption that the present concentrations in Swedish soils are at a steady state, and on
the other, on an average figure for the decomposition rate in soils. As yet we do not know
to which extent these assumptions are correct. A network of stations has now been organised
in order to study both the atmospheric fallout of the organochlorines and the subsequent
accumulation in Swedish soils. This network will be in operation for many years.

From thoe above it im glear that Sweden is a sink area, and southern countries are source
areas for the organcchlorines. We may look upon the situation as if a global destillation
oceurred along a temperature gradient. IF this is correct, then a concentration gradient
must appear within Sweden, sinca the country extends from 5% to &9 degrees North., This can
be checked by plotting the data for untreated soils (pasture and forest soils) against
latitude. The results are given in PFigure 11, Each dot represents the average for 10 4o
20 goil samples within the same latitude.
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Figure 1l. The curves illustrate the effect of increasing accumulation of Lindane and
£ DOT respectively at northern latitudes. The use of these subatances in Worrland is almost
negligible.

There 1a some ascatter in the data, especially for DT, which may arise from inhomogeneities
in the sampling density. Undoubtedly, however, the organochlorines are enriched to the North.
Purther sampling ie now in progress 10 verify these results on an extended latitudinal scale,
The curves in Figure 11 deo not necesaarlly indicate an increasing fallout northwards. Only
on such an wnrealistic assumption as that DDT is injected into the stratosphere, this would
be true. MNost probably the curves reflect the effect of falling temperature and increasing
duration of the snow and frost perioda towards the North. Since the organochlorines are
volatile and fairly resistant to microblological decomposition under asrobic conditions,
the climatio conditions noted above will give rise to the 'cbserved effect.

The enrichment of organochlorinea at northern latitudes can not be unique for Scandinavia.
The same procedure must take place also in other parts of the world, e.z. North America and
the US3R. With an annual consumption of approximately 200,000 tons of DDT in the troplecal and
temperate zones of the world, this global transport and redistribution should be both very
exteneive and continuous. The accumilation in the North will steadily increase, and biologiocal
effects may become apparsnt in the future. The process can only be atopped by a global ban
on DDT.



AFPENDIX

NO,-N IN DIFFERENT FOOD-STUFFS

A purvey of the content of nitrate in different kinds of Swedish food-stuffs has been
undertaken during December 1971. Only vegetative food-stuffs were investigated. The
material consisted of freeh, frozen and canned wvepetables. The data are given in the table
below.

Kind of material etc. Ne of samples Hﬂa—Hi'ppm of fresh weight
Cereals 3 ¥
Maize frozen 1 13
Tomato 2 13
Canlillovwer 2 14
Potato 1 15
Sweet pepper 5 16
Borecole (not fertilized) 2 17
Cabbare 3 17
Mushroom (not fertilized) 3 17
Ureen pea frosen 4 19
Cucumber 2 24
Red Cabbaze 3 24
Bruassels sprouts frozen 4 21
Applepurée ( baby food) 3 28
Mixed vegetablaes " 4 35
Carrot purde " 3 31
French bean frozen 51 59
Carrotdrink (baby-food) 5 60
Broccoli frozen 3 ( 55-100) 78
Boreocols 2 103
Isbers lettuce T (78-115) 104
Spinach with ham (baby-food) 4 107
Spinach frozen 16 (146-541) 313
Dill frozen 2 490
Lettuce 16 (109-1222) 554

Most of the listed vegetables are grown in Sweden except the Isberg-lettuce, which is
imported from Italy, Spain or U3A, and ordinary lettuce which is imported from Holland.

The big wvariation of the NO_ -l content in spinach is clearly related to different

canning factories. 3
Factory A T samples 181 ppm mean (146-228
FPactory B 6 samples 469 ppm mean | 364-541
Frotory ¢ 3 samples 310 ppm mean (295-324

The content of NO_ - may vary considerably for different parts of a plant. The follow-
ing example can be giten.

Lettuce, innermost leaves 190 ppm
Lettuce,; intermediate " 350 ppm
Lettuce, outer L 1050 ppm



Changes in Acidity of the Precfpltatiun, Period 1957-1945 (by Prof. Svante Cden,

The maps show the yearly averages based on menthly measurements at the stations marked
by black dots. The pollubants are spread by wind from the various emission sources such as
those in the Ruhr area of Germany or in south-esastern England.

The sulphur—dioxide (502) emitted with industrial smoke is converted in the atmosphere
to sulphuric acid, and as such represenis an acute danger for the entire biologic environment.
A remcarch team is at present investigating this problem and the findings will be part of the
Swedish conbritution to the UN Conference on the Hwnan Envirsonment in Stockholm, June 19572.



COME FAD ACTIVITLES AND NPLITUDER CORCERNING PESTICIDES

E.E. Turtle
Plant Produckion and Protection Divisicn'
A0, Home

Inteoduction

Some explanation ig needsd For the inclusion of a talk on thia subject in a Symposium
primarily concerned with fertilizers. [ understand that i1t was felt that future activitiea
and studies relating to fertilizera and the environment might benelit from a Knowledge of ex-
perieénce in the peaticides Freld.

At the outset we can accept that there are o number of similarities. Some of these can
be ligsted an followsi-

Hoth fertilizers and pesticides are agrochemicals being used in incredsing anounbes and
which are essential Lo increasing agricultural productivity throughout the world.

Both are reaponsible for enviconmental changes of some Kind.
Goth are subjected to public discussien and criticism on the latier grounds.

In bath cases much of the criticiem is not based on objective atudy of the available
facts.

Fowsver, there are important differences. 'he most stciking ia that peaticides by their
very niture are Loxic whercas fectilizers genereally ace not.  Some pesiicides are toxic to
only a very narrow range of especicsy but most of them arce more op less toxic to a wide range,
Which aften includes man and otheor non-pest specles., s a ecesulb, over the years, there have
been mumerous poisonings and fatalibies from pesticides. The fact that theee incidenta have
often Tollowed failures bo take simple precauwtions — amongat packers, diascribubtors and ussrs,
hag led to siricter supervizsion and conteol by authorities in many countries.  Similarly, the
goourrence of residues 1n foods has raised deoutea, stimulated moch cescacch and led to the
introdunbion of tolerancae levels and other restrickions. In ahert, it has long been acceplbed
that new peaticides should only be introduced after criktical assesement of the posaibvle risks
and that suvsequently Lhey are only used undgr adequate technical supervision.

This leads to a description of the FAQ Pesticides Programme sinee it is designed essenbially
to ensure safety in the introduction and use of pesticides.

FAR Pesticides Programme

This does nob refer to a progracme designed bo increase bthe Tse of pesticides: there is
no such programme!  FAQ's activities in the plant proteclbion field only lead to any increases
in use of pesticides insofar as studies and advisory activities of the respective biologiata,
at headguarters or in the Tield, lead te recommendations lhai pesticides rather than other
control methods are appropriate Foe the particular condibions. The a0 Pesticides Frogramme
commenced in 1959 and followed a peried during which 1 number of fatalities had osourced amongst
field applications. The accidents were largely due Lo unsatisfactory praciices in the use af
some recently iniroduced peosticides of eelatively high acute toxicity, and it wazs felt thal
gavernments needed guidance. o 1462 an intergovernmental conference on the use of pesticides
in agriculture was held 1n Rome and FAD subpequently establisned a programme aimed bo ralse
stamdards in supervision and use of pesticides, Groups of experts were formed to advige on
gpecific aspects of the subject.



One group of experts dealing with the official control of pesticides haa drawn up advi-
gory papers and prepared a list of standard specifications to help governments in the inau-
guration and administration of achemes for supervising the introduction and use of pesticides.
Such schemes are normally based on the principle that pesticides should not be used unless
they are first registered with the authorities. Advice has been provided from Headquarterss
and consultants have made visits to various countries requiring assistance on thias subject.
Furthermore, the advice has always been that Departments of Health and of Agricultuce should
both be involwved. '

Another group of experts which meets jointly with a WHO geoup of experts on an intep=
disciplinary basis, has been concerned with cesidues of pesticides in foods. Each year
it conoiders the available data on the occurrence of residues of particular pesticides in
foodstuffs., Its task is to assess the data eritically and, when the data are adequate,
to make recommendations for tolerances, or acceptable residue limits, which are considered
suitable for general adoption for commodities moving from one country to ancther.

Wnen the group finda that the data are inadequate, attention is deawn to the deficien-
ciea and to the kind of rescarch that needs to be done in order bto remedy them. Some recommen-
dations are made on a temporary or conditional basis pending the conduct of further research
to clear up doubis about specific points which are listed. The reports of this group summa-
rise the data considered., Subsequently, the recommendations for maximum acceptable levels
or tolerances Form the basis of inter-governmental discussians which are organized under
the joint F%GEHHD Codex Alimentarius Commission with 4 view to building up a series of intep-
nationally agreed tolerance levels. These parficular activities are concesnod with residues
in food. MNevertheless, in 1969 the group expressed some uneasiness regarding the disiri-
bution of DDT in the environment with consequential occurrences in food; and it recommended
that "its use should be restrictied Lo ciccumstances in which there are no satisfactory alter-
natives".

The third group of experts set up for the 1762 Conference has been concernsd with the
increasing occurrence of strains of pests thab are resistant to the pesticides formerly used.
This latter problem needs to be tackled not only to ensure a conkinuous basis for conbrol-
ling pest species bub also to overcome the tendency of farmers to apply more pesticides lto
overcome resistance when 1L occurs.

Another expert group has been concerned with prometing cesearch progerammes for the
control of major pests by the integration of all methods of pest control, including biolo-
gical and chemical methoda, based on ecological considesations. Facticulae abttention has
been paid te the development of integrated perocedures for the control of pests of cotbon
because Lhio is a crop on which excessive amounts of pesbticides have oflen been applied,
sometimes only Lo provide assurance againot possible attack by pesis. The general concep=-
tion of this part of the programme, therefore, iz to make sure that pesticides are only used
where they are really needed.

Aid to Developing Countries

FAD is responsible lor projecta designed to improve compebence 1in the control of pests
in many countries. These projects normally are broad in conception, containing major inputs
in entomology, plant pathology and similar biological subjects. Some include assistance in
satting up procedures for regulating the introduction of new products. Others are substan-
tially concerned with the ability to mecaoure pesticide residues. These are mainly concerned
With residues in foods but the facilities developed are being employed for making measure-
ments in various other envirommental materials such as soil and water. But resources for
this work are limited at present and it is hoped to increase this activity, gince data on
the actual occurrence of residues are easential to any rational consideration of their im-
portance in any particular situation. The need for measurements is by no means confined
to foods and materials of terrestrial origins. The Fisheries Department of FAOQ is very
interested in measuring the occcurrence of residues in fish and water and the FAQ Technical
Conference on Marine Pollution here in Rome (December 1970) paid much attention to monitor-
ing of the occurrence of residues in the marine environment.



Attitudes on Some Important Points

We recognize that pesticides have sometimes been applied without sufficient atudy of
needs or of alternatives; alsoc that some organo-chlorine pesticides are more persistent than
ig needed to control some of thoe pests againat which they are used and that their residues
have become distributed widely in the environment. Nevertheless, many widely reported state-
menta on this subjoct cannot be sustantiated when examined objectively and in the light of
the facts. For this reason, it 18 essential to assess such information cbjectively and cri-
tically on an inter—disciplinary basis before deciding on any neceassary action.

In deciding on action such as the withdrawal of a cheap and widely used product further-
more, it ie necessary to take into account the various likely consequences, such as any new
hazards or any economic or — on the DT gquestion — any social effects which might follow.

FAQ is following ouch a policy, whilet encouraging research and other activities leading

to the adoption of satiefactory alternatives., With its multiple responsibility for the pro-
motion of productivity in agriculture, for btechnical assistance in developing countries and
for the maintenance of standards of gquality in food and with 1te background of experience

in asgembling experts on a multi-disciplinary basis, in my view FAOD is well suited to provide
objective information and adviece of this kind.

In swmmary, the activities of FAQ in the pesticide field have been largely directed to
the encouragement of higher standarde of scientific and technical supervieion of introduction
and use. Alterpative methods of pest control are encouraged and any excesaive uses dis-
gouraged wherever possible., By increamsing the technical and scientific inpub, we ace con-
fident that it will continue to be possible to continue to make full use of pesticides in
agricultural production throughout the developing world.



EFFECTS OF THE APPLICATION OF INORGANID AND ORGANIC

MANURES ON THE MARKET QUALITY AND ON THE BIOLOGICAL VALUE OF

AQRICULTURAL PRODUCTS

W. Schuphan
Director Federal Inetitute for Quality Research of Flant Producte

Geisenheim/Rheingau — Federal Republiec of Germany

This meoting is consecrated to a subject "Effects of Intensive Fertilizer Use on the
Human Environment". Part of it will be my speclial thome.

The term "human environment" affords — at least for my paper - an introductory defini-
tion. It may ba given firet:

In our opinion this conception comprehenses not only the “surrcundings" of men in iis
narrow ecological sense (climate, microclimate, soil, subseil, groundwater, topography) but
also human food in terms of food-plants grown under certain ecological conditions, and - in
our speolal camse — treated with high amounts of fertilizers. The physiologlcal or in
exception even potential toxio consaquence for men via the so treated food-plante are also
subject 10 this concept.

: This statement we have to bear in mind for the following arguments and experimental
resulto. i

Agricultural and hortioultural production of plante used as human food can be regarded
from at least two principal view points. The first,
"Economics"
~ base of every productivity - is one of it. It ie somewhat confronted with the second
view point,
"Human Nutrition and Health!

gcarcely consldered and mostly negated by many representatives of Agriculture and Horti-
culture (1).

On the first look this confrontation seems rather strange btut it is not in the view
of learned experts in nutritional science or from the well Jmown consumer's standpoint.
The "nutritional" group of experte has fought the other group, agriculturists, in refusing
their antiquated opinion, maximum yield ought to be the real, the only aim of medern plant
production.

Food-plants or their products - fruit, wvegetables, potatoes — are eaten preferentially
because of their high "biclogical walue" based on dietetlic and health keeping properties.
This is totally different with food derived from animala.

This food iz used chiefly as basio sources of protein and fat offering to the consumer
high calories. We know nowadays that plant products serve as a valuable source of health
keeping properties (1, 2).

Furthermore, food-plants are regarded as effective dietetic help against the discases
of civilization, esp. those of the heart, blood vessels and circulation with fatal termina-
tion (1, 2).



Various regearch worker have proved that the supply of animal protein raleaed the level

of cholesterol in the merum, wherean the supply of protein derived from plant-food lowered
it significantly (1, 2). i

According to Holtmeier's experimental resulis (1) sodium and chlorims in NaCl are jointly
responeible for the development of oodema and rise of blood pressure in essential hypertony.
In any living organiem, plant or animal, potassium is antagonistic to sodium according to
phyelological function of both cationo in the living cell,

Meneely and co—workers (1) found in nine experiments to determine the longevity of
945 rate that with increasing oral applications of NaCl the systolic bleod preseure, the
perum cholestorol, the total exchangeable body-podiun and electrocardiographic almormalities
inereaped. If by eupplying £C1 the ratleo of ¥ 1 Naw 1 t 1 was attained, the conoequence
was an astoniehing proleongation of the average longevity, With highor applioantions of Hall
the high bleod pressure could be normalized mgain by supply KCL.

From Fipures 1 and 2 it will be seen that animal foods, in part, have very high contents
of Na ond Cl and that these values are not bzlanced by correspondingly high wvalues of K. This
is particularly acute in haddock, in cheese (Emmentaler), in mayonnaise and in butter.
¥oreover, egzs and milk do not have such a favourable proportion of (Na + Cl) : K as most
plant producto.

In food-plants or thelr component organs, ripe peas, lentils and spinach otand out above
all other representatives by their high potessium contente and relatively low sodium mnd
ghlorine. Also our major foed-stuff, the potato, has a favourable proportion, as well ns
mast kKinde of fruit.

In this it must be taken into mccount that — according to our recent experimental
results - by attractive methods, cooking with plenty of water, by throwing away the water
used in cooking, and by strong scasoning with cooking salt, an unfavourable partial displace-
ment of the minerals mentioned con take place to the detriment of potassium. This emphasizes
the great value of pressed vegetable- and fruit-julces for diectetic purposes. Furthermore
and that will be proved later on fertilizing has a distinct influence on contents of potaseium
in food-plants. The came is true to Magmesium, Sufficient amounts of Mg in our food avoid
heart troubles and circulation disorders (3).

Therefore, 1t seems necessary to me that oriteria of the "Biological Value" of food-plants
somprehensing nutritional and health keeping properties prevall in sgricultural production
over a "oosmedic like' review of quality as found in "standards" of fruit and vegetables.
The same attitude is necessary toward one-sided meadures to attain the highest yleld ever
posaible (4).

This ie not only a “"preoumption of fact" but a statement of high evidence. This may be
proved not only by experimental results given later on but aleo by conclusione from analogy
toward products of technique.

Two questions arise in this respecit

1. Iz the attempt to cetablish an analogy between technical end agrisultural products
pormisolble?

5. Can oritoria for quality in machines, motive fuels, and lubricating oile, e.g.
power, useful life, productivity and capacity for reaioting premature wear, logleally
be applied to food-plants serving men as bearor of energy and health keeping properties?

Thess guestions must be answered in the affirmative Lf one takes as a basis the aforementioned
olaims of the consumer to nutritious foodstuffs unadulterated by foreign substances and
asoumes this to bs generally applicable. This conclusion ip cogent, since food for the human
organiom should ensure for the Vody a maxirum ani as long lasting as possible standard of
sfficlency without premature "wearing out", serving, in a sense, as preventive therapy.
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Therefore, the consumer's claim to "sound food" is the focal point and is fully
justified. It is expected of the producer and of the trader that this requiroment be
satisfied.

It is well lmown that Maximum Yield has been since about one century utmost the only
criterion for estimating fertilizer—trials. No further scope carried any important weight
in agricultural chemistry.

Therefore, two queations arise for other scopes:

l. What umpire criteria for estimating Optimum Biclogical Value do exist?

2. What happens to the Biological Value of food-plants when the yield - forced
by exceeding fertilizer supply - reaches its Marimum? Here again what is
serving as umpire criteria to judge these resulis?

The firet question can be answered as followst

The term "Biological Value" embraces the nutritional value of a food-plant, its
wholesomeness including flavour and its value for the maintenance of human health. 48 a
complex term it cannot be defined with reference to the presence of a few chemical sub—
atances in the plant. It is only by nutritional experiments that it can be characterized
sufficiently. To a certain extent it represents the sum of all chemical substances with
a positive action which are present in the contents, whereas those with a negative action
lower the level of the final quality assessment (1).

The mejority of the chemical contents of a food-plant, or those of a plant part used
as food, are present quantitatively in different orders of mognitude, represented roughly
in the following expanding range: trace elements, essential oils, vitamina, mineral sub-
stances, sugar, fatty oils, protein and starch. These substances present in the contenta
are partly of an inorganic, partly of an organic nature; they exert a positive or negative
otion on the meintenance of human health and are neutral, synergic or antagonistic to one
another, '

In spite of this abundance of chemical substances which makes up the Biological Value,
we can neveriheless plck out certain substances contained in the plant products which are
present in such & high concentration that they decisively determine the Bivlogical Value
of their career. This can even be the role of one single substance — and certainly in a
poaitive or negative direction; with other foodstuffs two or meveral of such determining
substances may be present, e.g. in carrots J—carotene and susar, in apples vitamin C and
a favourable relation sugar/acid.

The second question is related to a complex which is rather difficult to disentangle.
It can be answered in combination with trials (outdoors and indoors) with rising amounts
of fertilizers.

Discussing the problem of manuring in general, F. Scheffer (5) teook the following
gtand in 1960: '

"At this point we have established that the best means of improving both yield and
quality ie a balanced manurial treatment". He added more precisely "a balanced optimum
combined manurial treatment - organic and inorganic.”

He agree with Scheffer's statement and can confirm it by our experimental experience
since 1937.

In 1930 Scheunart and his co—workers (6, 7), in an experiment with six generations of
rats lasting for twenty-eight months — thers were in all over 1000 rats in each group -
established the following:



Rate whose food was derived from plots treated with inorganic fertilizers, were more
fertile and liwved longer. Likewisc they had the advantage over the sontrol group in the
number of their offepring, while growth and uwpbringing remained within the game bounds as
were obperved for rats whose food had received no inorgmnic fertilizer.

The solitary cass of cancer that eccurred during the course of the experiment was in
a female rat of the firet generation at the “grey old age" of 2 1,"2 yoarse gnd this can
correspond 0 a human age of about 70 years (7). A genuine malignant tumour (marcoma) was
found on the kidney of this little femzle who belonged to the group Mwithout inorganic
fertilizer'. According to the reports of the research worker the survivers of this group
were not g0 healthy in other resgpects as the surviving onimals of the group"with inorganic
fortilizera", who showed a greater resistance to infectious diceases.

From the point of wview of axperimental fechnigue some fundamental objection must be
raised to thie experiment. The products used for food in the control series cams partly
from wmanured, partly from biclegically dymamic manured experiments "or wers derived from
sxperimental plots which likewlse had not received fertilizera" (7). The quantitias of
pereals fed in both of the series to be compared did not show a locality in common with those
from different fertilizer treatments. Cereals of the series "with fertilizers" came from
& locallty which differed from that of the cereals of the series "without fertilizera".
Since information about the warieties as well as the statistical significance of the
experiment are lacking, these experiments are of little soientifioc value,

Long—term fertilizer experiments wlth different kinds of vegetables which wers carried
out during the years 1936-44 ot Grossbeercn near Berlin (Fig.3) and at Weihenstephan near
Munich under exactly defined conditions (B, 9, 10) for the moat part showed that with the
combined treatment farmyard manure + NPK wers obtained the highest ylelds, the best market—
able cropa, and in the blochemical evaluation, most higher protein, carotens, vitamin C and
contente of minerala, but lover sugsr contents, than with farmyard manure alone. In dietary
studies carried out in connection with these experiments differences in the fertilizer
treatments had no effect on the nuiritional status and on the health of adults. In an
experiment in infant nutrition the series "Parmyard manure + NPK, howsver, in three different
experimenta proved superlor in comparisen wiih farmyard manure alone, obviously as a Tesult
of the higher contents of wvitamina and minerals ¢f the producte. This superisrity refers to
the average daily gain in weight, the contents of vitamin € and of carctene in the blood, to
the teething, to the red blood picture and to the ssrum iron.

However, even these experiments, which were analyaed statistically and were carried out
under exgotily defined conditions for several years, suffer from defects which can be seen in
the brevity of the duration of the individual experiment.

These, as well as experiments with nitrogen and potassium described later, at present
permit the following conclusion to be drawnt

1. The Biological Value of our fodder and food-plants is not impalred when the
dreseings of organic and inorganiec manures are aocurately adjusted {o the physiclogieal
requirement of the plant, so that there is neither a deficiency of a nutrient nor over—
manuring (e.g. with liguid manure or with nitrogenous manurs).

2e HWith vegetables o combined treatment {orpanic basal + ndditional inorganic

fertilizera) gives the best results., The yield, external appearanca and Bilologieal
Value are then at an optimum.

3, In the field of plant nutrition the ory of "only natural” has no justification
on & scientific baeig,

These long—term fertiliszer experiments in Germany during the years 1936-1944 wera carried
out in a balanced opiimum combined manurial treatment - organio and inorganic. F. Scheffer (35)
slgnified 1960 such & fertilizing experiment as ideal, ¢
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What happens ag far as the Blological Value of food-plants 18 concerned when experiments
other than the aforemsntioned touch more the actual situation in agriculturs: shortsge in
organie manure, relatively low contents of humus in the soll and high amounts of inorganic
fertilizer supply to vegetables (4).

We have done quite a lot of work in this direction {4, p.11-15), Significant results
with a great number of wegetables including potatoes will support our following statementse
given in close connection to the following exparimentz.

1. Nitrogen

Fone of the plant's major nutrients equale or even approximately resembles nitrogen in
ite physloclogical behavicur. N is necessary in the first place as an integrating congtituent
of the protein, eesBential for life, as well os the chlorophyl and the niacine of the Vitamin

B—group.

& marked deficiency or an excess of an optimum N-—dressing, which is specifio for every
genua or even for every cultivar of plants, glve riae to physiclogical disturbances which
exercise effects on the gquality of food=-planta, N=fertiliszing is necessary for getting yields
en & commercial ecsle, indispengable for sufficient food eupply especially on behall of the
population of undeveloped gountries, and essential for improving market quality and Biclogioal
Value.

Thia refore only to a normzl supply of nltrogen. An excess of W given by the cultivator
wlll increase yield to s moximum, but may induce simultanecusly a lack in Market Quality and
a lose of nutritional wvalus,

Accerding to s special investigation of mine in 1971 (4] a catalogue of detractions in

MARKET QUALITY of food-plants may be set up. Shortage of time does not allow o go in any
dataileo:

EXCESS OF NITROGEN causes first of all gquite s number of non-parasitic "digeages™ am
lessening the resistence against mechanical damage at harveat and during transport in potatoes,
a reduction in favourable proportions of graded fruit and vegetables, losses of flavour and
above all a decline in keeping during winter storape. PFarthermore, too much nitregen etimulates
partioularly certaln disemses of plants as rust, downy mildew, =septoria, and botrytie and
ineecte a8 lice and mites (4).

Thie affordes more application of pesticides. In consequence wa may get mors pesticide
regiduea in and on food- and fodder—crops leading — besides the physiological decreasse of
important nutrients by the excess of nifrogsn — to a furthar lewering of the Nutritional
Value, due to toxic residuss and their metabolites (4). The principal pathway as mentioned may
be demonatrated by Fig. 4.

Yitrogen is congemguently in the same way a promoter or detrsctor of qualityl Dxcessive
nitrogen supply aloo reaults in & decline of chemical constituents important 4o nutrition and
health and on the other nhand in an avwgmontation in biogenie toxicants to undesirable lewvels,
aa Hitmtef}]itritn in plants. Furthermore, too much nifrogen in manuring leads to a decrease
in contents of methionine, the important, eseentlal amino acid, and conseguently of the
Blological Value of protein [EAA-Index) as shown in Table 1., Undesired increassse in contents
of Fres Amino Acids and of enzyme activity are also noteworthy.

Beyond that contents of dry matter, total sugar, Vitamin ¢, essential olle and - amongst
the minerals = potsssium, magneaium, and phoaphoric acid are decrsased by an excems of
onitrogen supply.

In barley desiined for brewing and in sugar beet high amounts of nitregen are detrimental
a2 regards technology. High amounts of nitrate in spinach may be potentlal health hazarde to
infants causing methemoglobinemia when nitrate is reduced %o toric nitrite.
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(Plots 10m?2, concrete frames, GEISENHEIM . Yield:16.5.1960)

N-Supply Mez‘h%nine Significance EAA - Jndex
Fr.™| Dp™? N P §EAA rmgiﬂim

No | 0017 | 024 72 47
| 3,83 < 0,05

Ny | 0019 | 030 | 71 47
2,26 > 0,05

N, |goms | 933 = 71 47
' 27,08 < 001

Ny | 0007 | 013 60 45
9,44 < Q001

Ny | 003 | §06 54 44

(x) Basis « Fresh matter

txxy # 3 Dry matter

Table 1




Now, let us see some results of experiments in order to elucidate the potential danger
of an excess of nitrogen in fertilization. The results are mostly attained in long—term
triale., Therefore they have a high aignificance.

In such experiments with potatoes {12, 16) we wers able to show that excessively heavy
applications of N up to 200 kg Hfha cauge in fact high gains in yleld and in crude protein
tut only a retarding gain in pure protein. In conseguence — and that is by no means surpris-
ing = the culminating point of the curve showing the optimum of the Biological Value of
protein equals only a N-supply as low as 50 kg N/ha. (Sce Fig. 4a)

Hunnius and co-workers [17) found in trinle in Bavaria with different potato-cultivars
during the years 1964-1969 that a N-—supply of 120-130 kg tha attained an optimum result in
yiald on moet of the mites. A decrease of the "intrinsic" quality could not be observed
within this range. r

On the other hand Norweglan potato trials with 3 cultivars carried out in 1963-1968 by
R. Enge and R. Baerur (18) on 4 levels of nitrogen 50, 100, 150 and 200 kg/ha gave the
following results:

1. Nitrogen fertilizer increased the enzymatic greying of pre-pesled potatonsn and
the discolouration after cooking.

2. The flavour (taste) of the cooked potatoes was affected by nitrogen fertilizer:
The higher the amount of fertilizer the lower the flavour (taste) score.

3. The influence of nitrogen on the texture of cooked potatoes was negative
except for sloughing where the effect was posmitive.

4. The protein content was strongly affected by nitrogen fertilizer. The increase
in orude protein was substantial (about 40 percent in series C) when the nitrogen
application waa incressed from 50 to 200 kg of N per ha.

Pastures normally receive heavy dressings with N-fertilizer., C. Lee and co-workers (19)
racently found that grass which was grown in N-fertilizer experiments caused goiter in rats
when amounts of 450 kg Hfhu had been applied to the graseland plots. "It waa sugpested
that nitrate is partly, but not entirely responsible for the changes associated with
intensive nitrogen fertilization.”

Interdependence between the herbicide 2,4-D and N-fertilizers in orops has been also
observed, Presence of 2,4-D caused — equal to high ¥N-fertilization - significantly higher
contents of nitrate in plants compared with the control. (20).

Fig. 5 elucidates the results of an experiment in pots with increasing amounte of nitrogen.
This experiment with com-salad (Valerianella olitoria L.) was carried out in a phytotrone.
It shows in its analytical findings correlations between yield, dry matter, crude protein,
free amino mcids, and the Biological Value of protein calculated as EAA-Index according to
B.L. Oser (12). It can be taken from the graph that yield, contents of crude protein and
free amino acids (not very useful from a nutritional point of view) are simultancously rieing
with mounting supply of nitrogen in fortilization. But protein quality (EAA-Tndex) already
reached it optimum with only 0.2 g N/pot. It is also well known that N—fertilizing pives
rise to n decrease in dry matter. This is true in a range between 0.1 and 0.4 g prot.

In German viniculture as well as in European growing centers of outdoor and indoor crops
of vegetables the application of nitrogen has been considerably increased since about 20 years
(Pig. 6). This gave rise to a more or less severe pollution of groundwater with nitrates, to
high contents of nitrate in food- and fodder-plants and to hazards in bumen health unknown
before as it may be shown in a scheme (Fig. 7). Some years ago up to 150 mg of nitratufl
and even more was found in the groundwater of the slopes and plaine surrounding the two
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Circulation of Nitrogen in Nature ond Poltential Hazard's
occuring with a non-gqualified N-Fertilization.
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Germen streama "Hhein" and "Moael', This water, polluted by nitrates derived from
H-fertilization of crops, muat be used zs drinking Water, mixzed with somewhat less or
not contaninated grouwndwater of other sitea.

Presence of high contents of nitratea in plants as a reoult of excessive amounta of
H=fertilizers may e dangerous to human health. Plants such as spinach prefercntially
wded in GJermany for feeding infonts, coused severe hosarde fo children's health in
1959, 1961, 19463 and 1964. A number of infants in Hamburg, Kiel and Berlin spuffered from
clreulation troubles and methemoplobinemia after being fed with spinach contalning high
amounta of nitrate. Nitrate con be converted to highly toxic nitrite by the aid of
bacteria or by enzymatic conversions during long transports. The same converasion can
eventually tske place in glorage of spinach before cooking or proceascing recpectively, aa
a regult of keeping cooked Bpinach under room temporatura.

ha demonstrated in Fig, & we found in seven years' trials with increasing amounta of
nitrogen to spinach correspondingly nigh yields simultanecusly accompanied by rising
contents of nitrate. In German textbooks of wegetables (21, 22) it is pointed cut that
an amount of 50-100 ke Hfha will be a nommal supply to the spinach plant. In this range
tho contents of nitrate are found still tolerable. Some years ago, much higher contenta
wore Tound in spinzch productlon of a Gemman deoep—Treezing dndustry using very high amounts
ef Ho Thie industry grew g new high yielding spinach eultivaer of a4 stecp growth-type
guitable for mechonical harvesting., The H-supply exceecded in this case even 100 kg Hfha.
It may be taken from the graph {Fig. E} that this procedurs will consegquently lead to wvery
high contents of nitrate in gpinach detrimental 4o infantiaz.

It hes been recommended EE}) 1o treat ouch a apinach, whiszh had been glven wvery high
amounts of Nitrogen, in a specisl way. Water—ooluble nitrate should be remowved from
spinach by excecded blanching. Lessces of waicr-soluble compounds of nuiritive value includ-
ing vitamina and mincrala, c.g. potassium and mosnesium would bo undesired conasguences
ag seen in Mg, 9.

t could bo taken from Fig. & that each of our experiments with spinach received from
1960 40 1543 each year one of the following amounis of aitrogen: 0, &0, 120, 1850 and
240 kgfha. In ‘1964 the experiments were changed {o the following levels of N: ©, 80 kgfha
{normal nitrogen level recommended for opinach in vegetable textbooks), 160, 240 and
320 kgfha. These comparable Tindlingo on the same site were obtained over & porded of Bewven
years, producing significant rosults.

fccording to Fig. 10, increased amcunts of H=fertilizers had & negative influence on
the sugar snd ascorbie acid contents of spinaech in both test grouwps. OUOm the other hand the
mean measure of the caroiene contents hordly changed.

It may be taken from Fig. 11 fthat minerslo react in a peculiar manner in spinach. Tha
cation potasaium ocourring in splnach in relatively large amounte decreacen strongly when
influenced by higher amounts of supplied nitrogen. This is in contrzst to Hm, which increanes
conslderably with increased nitreogen fertilization.

Experimentes witn spinach in 1966 on the same plots, now in partial shade, led to tho
following results (Fig. 12): Shading was remarkably asscciated with a loss in yield and a
degline in content of total sugar mat with & steep rize of nitrate. It has not been taken
into the graph that ascorbic acid and all minerals were diminisehed by partial shading, ioo.

2. Potassium

In further experimenta with increasing amounts of ¥K-fertilirzers to epinach on both mick-
and pandy seils we found rathor a peculior resuli: altheough we gsve in our § trisle potash—
magnesia sulphate an K—source, contents of mognesium decressed congiderably as seen in FPig. 13.
The depletion of Mg towards the control (Ko) wns Ky —-20%, in Ko 299 and in K even =350
As expected contents of potassium rise with increased K-supply (Fig. 14).



SPINACH {Early )
Experiments with increasing N— Plots fr':rmen" )
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SPINACH tcuttivar, Friremona®). LOSSES of voluable constituents
in BLANCHING in reference to infensity of N-SUPPLY .

A. Spinach fresh = 100 % ( )

8. u blanched : 3 min /7100°C (o )

il " " :15min/70°C (b — — — — — — ) ——= (Thomas-Method )
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SPINACH (Farly) Experiments with N-Fertilizers
Plots (framed')

Means of 4 year's cultivadion 7960-63
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SPINACH (Earty) Experiments with N-Fartilizers
Plots (framed')

o x = Means of 4 years culfivation 1960-63
(0,60, 120, 180, 240 kg N/ha)

x x =Meons of 3 year's cullivalion 196464
(0 80, 760 2408, 320 kg N/ha)
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Frg. 12

prNAfH f’/fcrm’y ) Cultivar:, Fritemona-R "

Experiments with N-Fertilizers
Harvest: 17 5. 1966
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Hsouasion

These results of a detrimentsl influence of high fertilizer dressing to important
mtrients of food-planta have to be Been in connection with corresponding inoreases of
biogenio toxicants as well as with losses of wvaluamble mincrals as XK and Mg in wodern methods
of processing of wvegetables as demopnetrated in Fig. 9.

It has also to bear in mind the dangerous two—edged role of nitrogen given in exceas upon
production of mazimum yield simultanecusly prometing pests and discases gnd In conseequence
toxic pesticide residues from inereased plant treatment with pesticides.

The question eriscs 1if losses of important nutrients, chiefly of minerals in food-plants
may already influcnce men's health whose living conditions, whose custoems of eating hawve
econsiderably been changed with growing prospoerity since about 20 years. Should that be
partly the origin of a growing incrocasc of "discasges of civilization™ a8 circulation and
heart troubles? Nowadays we rmow that a sufficient eoral supply of minerals sach as K and
¥ play an outstanding role in the phyeiclogy mnd pathology of the so—called "digesses of
pivilization® {3).

Are wo able to decide those ouestions by our experiments on food-plants. Certainly not.
In erder 4o prove this lonp—term trials on men would be necoscary. But we can answer theoa
qucetions to a cortain cxtent in the affirmative. Meneelw's ecxperiments [1} with 94% rats
gave already o convincing evidence of how sufficient supply of K is able 4o balance the
relation of ¥ %o Ma, onesidedly influenced by Nall in all our meala, will save hoalth end
longovity = at leazeat of rats.

dncther aspect; important 4o produciion of feod in general, seems to me noteworthy.
As & high Tertilizer supply of H and K to food-plante in order to gain maximum yield is
gomewhat euspoot as regards Market GQualidy and Bioloegical Value of products we may call for
an adeguate redustion in yield at least in all our wegetsbles ineluding potatossz. Certeinly
this cladm would enrape the sgriculitural economizts. Bubt on the other hand an entirely
senseless overproduction in the Common Marlet, sanctioned by economistes, would enrage another
group. LExperts of nutrition and men with common sense &5 tox—payers cannot understand that
over-produced commodities are destroyed to their expense.

I believe that my alopan crecated in 1961 when the German edition of my book "Fur Qualit;t
der Hahrungspflanzen” wos published ie actually more Justified thon ever:

Mhcceptable appearance is demanded toeday,

High nutritive wvalue tomorrow.'



NO_-N_IN DIFFERENT FQOD-STUFFS "

A survey of the content of nitrate in different kinds of

Swedish food-stulffs has been undertalken during December 1971,
Only vegetativo food-stulfs wore investigateﬂ. The material
consisted of fresh, frezmen and canned vegetables, The data are

gliven in the table below,

Kind of material olo HNo of samplos NOG-N, ppm of frash weightl
Cereals 3 o
Maize frozen 1 13
Tomato 2 13
CCauliflower 2 14
Potato ] 15
Swooet pepper 5 16
Borecole (not fortildsod) 2 17
Cabbage 3 17
Mushroom (not fertilized) 3 17
Green pea frozon i 14
Cucumber 2 24
Red Cabbage 3 24
Brussels sprouts rozon L 27
Applepurde [baby food) 9 20
Mixed vegetables -'"- L a5
Carrotpurced =l 3 37
French bean frozen 3 59
Carrotdrink (baby-food) 5 &0
Broccoli frozen 3 {55-100) 78
Borecaole 2 1073
Isberg lettuce 7 {(78-115) 10k
Spinach with ham (baby-food] & 107
Spinach frozen 14 {1h6=501) 313
Dill frozen 2 hoo
Lettucs 14 {(109-1222) 5508

Mozt of the listed vegetables ars grown in Sweden esxcaept tho
Ishorg=lettuce, which ia dimported from Italy, Spain or USA, and
erdinary lettuce which is imported from Holland.

The big variatlion of tho NDj—N contont in spinach 1a eclearly

related te different canning factories.

Factory A 7 samples 101 ppm mean [ 14%G-220
-t i & =M. hoo "= 364- 541
| ] E | 31{) _m_ 295_32“

The econtent of NGH_N may vary considerably for different parts

of a plant, The foellewing oxample can hao givan.

Lettuce, innermost leaves 190 ppm
== y intermediate -l IR0 ==
=1 ; outor ="- 1050 "=

Uompiled by Joban Bersholm, Agricultueral Gollege of Swedan, Ippuald;
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HESEARCH ON THS EFFECT OF INTENSIVE FRERTILIZER USx ON

HUMAN ENVIRONMENT TN BULGARTA

I. Garbouchev & ¥. Mitreve
N. Poushksarov Institute of Seil Secience, 30FIA

In the course of the last 10 years, agriculture in Bulgaria has made a marked progrees
aa regards intensification of production. Fertilizer use proved to be one of the most
important Tactors of intemsification of production. The average amount of NFK active
pubatances ia at present 180-200kg per ha, i.e, 150-150 kg per ha for cereals and 250=350kg
per ha for cash crope, fruit-iress and vegetables. In accordancs with the plane for
further development of intensive farming ?19?5} the sbvove quoted average amount for the
country will increase to 250kg per ha.

It is well known that Bulgaris is one of the greatest producers of vegetables, frult
and grapes for fresh consumption, This has mads our Government and the research organi-
cationa take mezsures to Find a solution fo the problem of any possible pollution of
human environment as & reault of intensive fertilizer use,

Mo rescarch inetitutes are involved at present in the work carried out on that
problem:  the Inatitute of Hygiene at the Ministry of Health and the N. Poushkarov
Institute of Zo0il Science at the Ministry of Agriculture and Food Industry, The research
work carried out so far concerns mainly the effect of nitrogen fertilizera, There are
two reasons Tor thim:l, the nitrogen compounds ars mebile; they are applied in large
amounts and penetrate easily to ground walers uwsed for drinking and irrigation; 2. the
nitrates introduced into the human body with food and water cause a disesas called
metahemoglobincemia in babies 3. and ruminants 4.7 sccording to some medical research
they are alsc the reason feor endemic golter (43,

Lyochewr {lj, from the Institute of Hygiene, has studied the effecl of W lertilizers
on the content of nitrates in drinking walter. The resulls obtained are given in Fig. l.
It ia obwvicus that there exists a correlalion betwsen the zmount of fertilizers applied
during the 19531966 pericd and lhe percentame of water containing nitrates in the districts
of Sofia, Pleven, Vidin and Flovdiv (the correlation coefficient is equal to 0.85). But the
sorrelation cosfficient of the non—standard amounts (30mg per 1) is 0,54, which shows that the
amount of nitrates in the water iz still low.

Irreapective of all that, the positive correlation exieting between the amount of
fertilizers introduced and the content of nitirates in drinking water is a very serious
warning.

Vepetables and fodder crops grown in different rogions of the country have been the
object of anether study related to the same provlem. 5o Tar, it has been established that
under the elimetic conditions of the country, a low humidity and a high solar radiation,

a comparatively amall posaibility cxisted for accumulation of texic amounts of nifrates

in the plants. The resulils obtained Mrom the studics carried out by scicntific workers

in Plovdiv are given in Table 1. Tt ig obviouz that the amount of nitretes is within the
range of the admissible content of nitrates. Similar stwdies have heen cerried cut at the
Institute of Hygicene on spinach somplen taken from the market in Sofia;  The aversge amount
esteblished is 12 mg per 100 g of fresh product fE}, lers below the admissible rate

(50 mg per 100 g of fresh product) (&).



It i3 well known that the toxiec amounie of nlirates are chiefly accumulated in the
presence of a high humidity and a low temperature, which ogeur during the autumn vegetation
period (9). According to the data obtained at the Institute of lygiene from investiga-
tione with spinach grown during late autumn at the rate of 120 kg of nitrogen per ha, the
ampunt of nitrate was 113 mg per 100 g of freah weight. Other samples rom glasshouscs
gave a content of 382 mg per 100 g of fresh weight.

The special experiments carried out at the N, Poushkarov Institute of Soil lcience
with letluce show that fertilizers applied late in sutumn have proveked a marked ineroase
in nitrate content (Fig, ?). The data obtained trom analyses of vegetable samples token
from the market in Sofia in December showed an increased amount of nitrates (Table 2).

The purpose of our experiments was to find ways to overcome the nitrzte accumulation
in vegetables and fodder crops. One of the ways is to decreasc nitropen feriilizer rates
but thie is a contradiction to the main task of inereasing production, The other
trend is to improve the asynihetic znd metabolic processes in the plants, It is well
known, that besides the effuct of solar radiation and humidity, the catalytic effect of
some chemical elemsnte ie also of some importance.

To thia end pot experimenta with maize and lettuce were set up with cinnamenic foreasi
soil.. The following rates of nitrogen fertilizers as ammonium nitrate were atudied:
0, 250, 3749, 300, 1000, 2000 and 4000 mg per kg of soil. The latter were combined with
three levels of other elements as a blanket treatment, noted down as B, and B, and B
Conbinationa of two more levels of trace elementa have also been used with lettuce and one
with maize, noted down as T, and T, (Table 3). The elements wero introduced into the soil
aa pure chamicals, Gramoxohe was iested ag a growth regulator in ancther experiment at
the rate of 0.001% ml per kg of soil. The content of nitrates wns determined at the stage
of the Tth-Uth leaf in air-dry material (7).

Hesulte

The data obtained showed that the content of nitrates inereased with the inercase of
the nitrogen fertilizer rates. As regards maize the limit of the toxic amount of nitrates,
i.es 0,77 per cent of NO, after Herker and Kamey (5) was reached at the rate of 500 mg of
¥ per kg of soil. In ln%tuce, the rate of 250=500 mg of ¥ per kg of acil increased the
content of nitrates iwice or even thrice as compared to that in maize { in this case ihe
difference in scaszon could have been the reamon for such an increase}. At the rate of
A000me of W per kg of goil the percentage of nitrate in maize was 1,65 per cent and in
lettuse, 1.80 per cent of dry matter, or in other words, very close to the lethal limit
for ruminanis ncoording to the sbove quoted authors.

The data obtained showed that when major and trace elements werc combined the content
of nitrates decressed (Table 4) . If ihe avernge amount of nitrntes in the leottuce nt
B, and T, was taken as 100 it was considerably lower at B, and B,, Thus, if no trace
e}ementﬂ were introduced (T.) and the blanket {reatment whs 3 tﬁe conteni of nitrates
decreased by T per cent as compared to the case of B.; When frace clements were introducel
with Tl a decrespe of 16 per cent was prosent and wi%h T 48 per cent.

The data given in Table 5 show that when high ratez of major and drace elements ware
combined, the largest decreamsc in nitrate content at 2000 mg treatment was cohaerved, The
effect of irace elementa proved to be higher with maize than with lettuce.

The content of nitrates in maize decreased in the presence of a combination of B, and
gramoxone for all the rates of nitrogen fertilizers {average of 34 per cent) {Fig. 4):
Ho such stable effect was cbserved with lettuce {Fig. 5)., Further experiments are needed
in this respect,



The experiments carried out also showed that the decrease of nitrates, as a reesult

?f treatments with major and trace elements, did not affect the decrease of total nitrogen
Fig. fa, b).

Conclusione

The results obtained from these First experiments on the problem make uwa think that
the decrease of nitrates is due to the intensification of the metabolic processes in the
plants; the interaction of major and trace elements provokes a higher decrease of nitrates.

Therefore, the main concluaion that could be drawn ie that nutrition ehould be well
balanced in order to prevent nitrate accuwnilation in the plants.

Furthermore, with the increase in the amount of nitrogen fertilizers actually used
8 certain incredse can be observed in the danger of accuwmlation of nitrates in some
orops, such as vegetables and fodder,

The third conclusion concerns drainege waters and it indicates the necesaity for
gomplete erosion control to prevent beth solid and liguid run-eoff of the aoil.

QUTLOOK ON FUTURE RESEARCH WORK ON THE EFFECT OF
FERTILIZER USE O HUMAN ENVIRONMENT IN
BULGARTA

A number of state agencies have been set up recently in Bulgaria to conirel both
the practical measures reguired and acientific rescarch work on human environment.

Tne Institute of Soil Secience ie in charge of research on soil conservation and
plant protection from harmful substances that could be taken up froem the secil. This
work is ooordinated with the investigationse carried out by the lnetitutes under the
Minlstry of Health, the Miniatry of Heavy Industiry and the Minietry of Foresis and
Contrel of Human Environment.

According to plans, research work on soil ccnservation and plant protection should
prooceed aleng two main lines:

1. Study of environment in glasshouses and in the fislds as regards accunilation of
harmful substances in vegetables and fodder crope and especlally as regnrds nitrates
under the effect of fertilizer application.

In this connection there should be established methode of inteneification of
metabolism and photosynthesis with a view to achieving a maximum uee of nitrogen for
eynthesizing of useful organic matter. That aspect is in fast a continuation and ecxtension
of the already initinted work, some results of which have been reported at this session.

?. The other aspect of the work concerne complete srosion control on different
watersheds end ihe introduction of a modern system of land uwee in different regions of
the country with respect to the maximum use of fertilizers and minimum amounts of molid
gnd liquid run-off permitted, the latter being ihe reason for filling rivers and dams
with ooze and polluting them with eoil material and water containing a high contont
of residual amounts of nitrogen, phosphorus, potassium, herbicides and pesticidas.



According to the project, it is envisaged that research will be included on prevention
of pollution resulting from the slurry emitted by large animal-breeding farms (in the near
future hundrede of large farms, will be constructed in Bulgaria each one for several
million broilers, 15-20 thousand livestock, about 1000-1500 cows and 50-80 thousand pigs
for fattening).

The study will include investigations on eroslon control, the washing away of soil
and chemical substances by the gravity of water, the penetiration of different polluting
pubstances in drainage water into the ground waters which are used either for drinking
and irrigation or for water supply to rivers and damas, The combined management, biclogical
and engineering practices of erosion control and pollution of the environment should be
studied. Four watersheds have already been selected covering 10-40 thousand ha; they
are under the supervision of the research organisation, as well as the Ministry of
Agriculture and Food Industiry and the Minisiry of Foreste and Contrel of Human Environment.

The N, Poushkarov Institute of Soil Secience plays an important role in planning and
studying the effect of the application of different erosion control practices and control
of pollution. This project ig included in one of the programmes of the UHDP}FAD project
472 - BUL 6: Strengthening of the Nikola Poushkarov Institute of Soil Science in Sofia.
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Table 1

NITRATES IN SOME CROFS

Cropse

Hﬂ3 content in per ocent
- of dry matter

1. 4lfalfm, II out
(etaga of blossoming) 0.22
2+ Codk's foot s
{atage of tasseling) 0.35
3. Mangelwurszel
{leaves) .65
4s Maize
(atage of 12th leaf) 0.37
%« Malzs
(after vegetables) 0,45
Table 2
CONTENT OF NITRATES IN SOME VEQETABLES
NG, content in mg per 100 g
Coaie 3 of fresh weight
1. Cabbage I 17
2+ OCabbage IT 44
3. Leekn 15
4, Spinach I Tl
5« Spinach II 2T
6. Spinach IIT e}




Tabla 3

BLANKET THEATMENT

Nutrientes and other elements in g per kg of soil

F K Ca ¥g 3 Na ¢l

2 2 l.28  0.25 1.0 0.06 0.05
4 4 2.56 0.5 1.5 D.12 0.10
B g Fa12 1.0 2.0 0.24 0,20

Trace elements in mg per kg of soil

Fa ‘Mo Mn Zn 1 Fa Cu

1.5 0.1 245 6 0.1 i0

4.5 1.0 T«0 1z 0.3 60

Table 4
DECREASE OF NITRATES AS A RESULT OF INTERACTION
BETWEEN MAJOR AND TRACE ELEMERTS

Favat of Saled Maize

trace

&1 amaiib Level of major elementa
{T} Bl BE '.EI3I Bl H? E3
Tu 100 93 78 100 98 81
T1 102 g5 66 5T &0 61
T g1 a2 52 - - -




Table 5

INTERAGTION AT 2000

Mg OF WH 4H03

Lovel of Salad - HDE',E% Level of Maize - NG'& %

trace B B B trace H E H

clemente - 2 3 elementa * 2 3
Tﬂ 1.39 1.30 1.08 Tn- 1.14 1.10 0.93
‘1"1 1.42 1.18 0.92 '1‘1 0.65 0.68 0.70
T, 1.27 1.14 0.73
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EFFECT OF MAJOR AND TRACE ELEMENTS ON CONTENT
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200
By* T
By
x 13
v L
3 120
g
b
po By+T
% xt+Ta
#
o 40F
=]
z t
O —%&r e EOCE F000
H FERTILIZER IN M/ ®G OF SQIL
200
[ Be
= - By s T
Emu ;##r#52|
C
; 120 _‘__"__‘_-.--—d-"'"_'_:.lnf-“ Tﬂ
£ e
x it
(=]
w B i
o
b
W &0
[=]
X
T T T 7064 S
N FERTILIZER IN WM3/K0 OF SO0
Flg. 3
EFFECT OF GRAMOXONE ON CONTENT OF
MITRATES IN MAlZE CROP
L14]
40t
2ok
a
oot
E
of
=
E %o
(=1
&
L]
&
L2
FL
oy

1500 3000 amon
N FERTILIZER IM MG/ ®G OF S0IL

FIG. &



TOTAL N %%

W-My To OF TOTAL N

L]
(=]

WOy Y OF DRY MATTER

MOy ¥ OF DRY MATTER

EFFECT OF GRAMOXONE ON CONTENT OF NITRATES

™
=]

-
L=]

120r

LLe]

40l

=
[=]

M SAL40 CROP

N FERTILIZER IN Ma/EG OF 30IL
Fig. %

b
By
=gy By + Gramosons
=
T 4 =
T RAn oo Z000 2000
W FERTILIZER IN MO/KD OF S0IL
L a
_____ Bz # Gromosons
/7 %
-
F
:
'
*
“Son oo gobo 4000

RELATIVE AMOUNT OF NITRATES IN TOTAL NITROBEN IN MAIZE CROP

By
By T

- —

B

N FEATILIZER I W3/ POT

b b e A
E0 OO 1000 EOHOO 4000

EBg

Floa. &

FAEOD GO0 1000 E000 8000

W FERTILIZER IN WG/POT



THE MAINW SOURCES OF EUTROPHICATION OF TNLAND WATERS WITH SPECIAL REFERENCE TO THE
COMPARATIVE MAGNTITUDE OF POLLUTICN SOURCES
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A, THE PROGRESSIVE DETERIORATION OF 3WIS3 LAKES AND RIVERS AND
OUR STRUGGLE TO XKEEF WATERS CLIEAN.

When soms 15 000 years ago the Alpine glaciers receded, the waters of the lakes that
formed were 80 clear that every pebble could be seen at the bottom, Self-purification,
a faculty inherent in every body of water, easily eliminated all organic matter that
developed naturally or which was discharged from the shorese; thanke to this continuous
process of mineralization our lakes and rivers were kept clean,

It wam only when the proliferation of pollutants reached disconcerting proportions
owing to spreading civilization and industrialization that the detrimental effecte on
our waters became apparent. This led 4o a catastirophic deterioration in the chemical
and biological equilibrium of our lakes and rivers, & development which made it more
and more difficult to supply industry as well as residential areas with drinking and service
water; fish populations wers decimated, and bathing and swimming became dangerous as a
repult of bacterial contamination,

411 Furopean countries were beset by this blight, and Switeerland locked on with
apprehension as it spread to the waters of the USA, Latin America, Japan and practically
all areass of the civilized world, HWater pollution socon became a world-wide problem of
paramount importance,

Switzerland began the struggle to preserve ite waters as early as the 19208; experts
resorted to all the ways and meanz available to warn the nation of the imminent danger;
national and cantonal legislation was set up to enable us to do battle on the broadeat
front posaible.

Private associations for the conservation of our waters formed in numercus Buropean
countries, TFinally these national associations merged to constitute the European Federation
for the Protection of Waters, In 1955, after the internatiomal congreeses in Londom
and Tokyo and later in Munich and Prague, the International Association on Water Pollutieon
hiesearch, which held ite 5th congresse in San Francieco and Hawaii in 1570, wae set up.

Water consumption in all Buropean countries, like in the USA, ie constantly on the
rizse and i# now ineressing atl the same rote as that of population and industrial expansion,.
(ur most presaing task ia therefore to preserve our natural water supply, our lakes,
rivers and groundwater,

The first mechano-bielogical water purifTication plant in Switszerland became operative
in the year 1916, However, it was only after the 1930s and particularly after the
implementation of the Federal Act for the Protection of Waters apgainst Pollution in 1555
that the construction of sewage and industrial wastewater purification planta followed
in rapid suceeszsion, Today there are — I am pleased to say - some 400 central mechano—
biological parification plants in operation, 100 under construction, and construction
eredit has already been approved for an additional 100 wastewater purification and wastes
dispssal plants, all for Switzerland's emall area of 16 000 square miles. At present
approximately 50 % of the Swisa population as well as ite industry are connected to
modern purification plants, Up until now more than 3 billion Swiss france or roughly
1 billion U3 dollars hawve alresdy been spent on these plante and the neceseary sewerage
aystems, By the time the firet round in our fight {0 preserve our waters will ba won,
clese to 10 billion Swiss france or sbout 2 1/2 billion U3 dollars will have been die—
bursed for sewerage systems and purification programmes for domestic and industrial
wastewater, Thiz ie & wvery high sum for a country with not very mich more than six
million inhabitanta.



At present wastewater purification includes primary treatment {Bedimﬂntation] and
blological treatment either with trickling filters or according to the activated aludge

Byatem,

The deterioration in our natural waters described abowe is due to what we call
eutrophication,

The phenomenon of eutrophication in our waters as I mentioned before shows itself
in the silting of rivers and lakes a8 well as in their overproduction of algae and
weads., Even though much of the process remains unclear, we can better understand these
effects by considering the physiclogical laws of plant life., Our knowledge is still
especially fragmentary with respect to the role of trace elements, which influence the
production cycle of a body of water, Uncertainty begins where it can be established
that lakes have "turned", despite the absence of an obvious cause for the disturbance
in their chemical and biclogical balance. For example, what were the causes for the
sudden appearance in 1825 of the Burgunderblut algae in the Lake of Morat (Murtensee) -
imbalance triggered by wastewater from a numerically emall population without industry
worthy of mention?

But the massive development of other specles of algae, previously unknown locally,
confronta ue with the same riddle. * At present, Liebig and Mitscherlich's laws on plant
nutrition offer the only explanation, ascribing eutrophication to substances whioch cause
explosive vegetal growith ae soon as the nutrients have reached a minimal concentration,
either through gradusl or sudden enrichment, From previously conducted investigations
it can be seen that it is ueually the content of phosphorus salte which ie at the source
of the eutrophication of our waters, As a rule, nitrogen compounds are present in such
large gquantities that a further increase of their concentration could hardly have the
effect of additiomally favoring production.

Among the main eutreophic materials, that is, the various oxidized elements in nitrogen
and phosphorus, the following mean values are found in Swiss waters:

Normally present in mg/liter

in lakes rivers gtreams mure groundwater
Ammonia
iy o 0-0.1 (to 1) 0.01=1 0,01-1 0-0.05
Nitrate
NDE“ 0.0 - 0,05 00,05 00,1 0 = traces
Nitrate
Nﬂ3“ 0=-1 up to .2 up to 10 up to 10
Phnggﬁgte
P04 ' 0-=0.5 0-1 0-1 up to 0,05




Thege are insimnificant concentrations; yet they suffice to trigger the proliferation
of the flora that serves the animal plankton and, in turn, the higher fauna, as food,

Nitrogen compounds already get into our watere through rain, for although nitrogen,
which comprises 80 % of the atmosphere 18 cheamically very inactive, elediric diecharges
in the air from oxygen and nitrogen compounds that accumulate 1n emall quantities in the
water and soil, Far greater amounte of nitrogen are discharged into our lakes and rivers
from domestic and industrial wastewaters and eepeclally from the effluents of purification
planta,

In addition, thanks to the oxygen present in soil and water, nitrogen is absorbed by
bacteria of wvarious kinds and by the ubigquiltous blue—-green algese.

Cur campalgn againet eutrophication must therefore be aimed at restricting the
addition of phosphorus compounds ae much as poesible. But how do the basic nutrients
used by the farmer to fertilize his crops get into our waters? It is not diffieult to
egtablish which eutrophying materials come from sewage treatment plante and to determine
their exact amounte and content., It is much lese simple = if not impoesible — however,
to judge the afflux of phosphorus and nitrogen compounds resulting from agricultural
fertilization or even from the breakdown and dissolution of mountain rock, both sources
which contribute to the eutropvhication of water in a drainage arem, As they are difficult
to guantify, the accretion of these mutrients can only be estimated; nevertheless we kmow
that, as a whole, the amount they represent im as great as or greater than the measurable
nutrients from sewage plants.

Despite this uncertainty, many Swiss municipalities - especially the Cantons' of
Zurich and Berne = decided to demand as eomplete a removal of phosphorus compounds as
agible from the wastewater of sewage plante, at least in the catohment area of lakes
E:artiary treatment), At present, the eutrophication of rivers is causing us almost
no -concern because the equilibrium of their waters is not being disturbed, Indeed, a
great organic load ie necefeary to produce a sharp reduction in the oxygen content of g
body of running water.

Let us first consider the most important nutrient elements for plants.

A. 1 Phosphorus and nitrogen

Phosphorie is present in seoil in the form of phosphates, various forma of apatites
aa well asg tri-, di-, and monoocalecium phosphate, Organic phosphoric compounds such as
phytin and nuclear acids, absorbable by plante, have also been found in the seoil.
Fhosphoric compounds in different soiles reach concentrations of 0 to 0.3 4.

Fitrogen compounds are practically non—exilstent in the original rock. They get into
the soil with precipitation from the atmosphere on the one hand and as products of the
decomposition of organic substances on the other hand, In our soil nitrogen compounds
ghow values of 0.15 to 1.5 %, Nitrogen is mainly present in an organic form, in organisma
living in the soil, Their blomase can be calculated by multiplying the quantity of
nitrogen by 20. In ite inorganic form, nitrogen is present ae ammonia or nitrate, which
are adsorbed at seil collelds or which circulate with soil-water. HWashout is considerablas
in bare soil, but can be reduced to 1/10 by growing plants, This fact is of rather great
importance in respect to the eutrophication of natural waters,



Potassium mist also be mentioned among the eutrophying elemente; it is easily
washed out and shows values of 0.2 to 4 %.

In addition, the micro—elements, the mechanism about which only very little is known,
cartainly play an important role.

Soil fertilization consists of farmyard-manure on the one hand and artificial
fertillzers on the other hand,

Farmyard manure: 3 parts of liquid manure and 1 part of faeces, varying in quantity
and composition from one species of cattle to the other, The dry weight is rather
uniform from 3.8 to 4.1 tons/year and/ton of live weight.

Compared with normal artificial fertilizer, farmyard manure is relatively poor,
especially with regand to phosphorus, FPlants treated with farmyard manure therefore need
additional phosphoric fertilizer.

Human fascea per capita and year make up 4 400 g N and 540 g P. The human fasces of
the Swiss population (6.3 millions) make up 28 300 tone N and 3 400 tons P/year, Cattls
faeces make up 7 to 8 times the quantity of N and P of human excreta per year. These
values are not much different from those of the rest of Eurcpe and the United States,

Inorganic fertilizers were firet manufactured in the middle of the last century when
salpeter was imporied from Chile to England in 1842; superphosphate was produced, Cuano
came from South America and potassium chloride was diecovered in the Rhine wvalley in 1860,

In 1900 the world production was 300 000 tone N, 500 000 tons P2Os and 250 000 tons
K20. In 1965 the world demand was estimated at 16 million tone N, 10 million tons K and
12 million tona P. Since 1950 the yearly nitrogen production has increased by 11 4 and
that of both P05 and K20 by 3 to 4 %, Similar figures are predicted for the next years.
The need for Hzin 1970 4is wvalued at 20 million tons, that for PEEB and K20 at 13-15 million
tona,

Recant investigations have shown that considerable guantities of such fertilizers
are washed out by rain.

Important leaching mnd the discharge of ligquid manure inte fishing waters can have
patastrophic effects, It ig not eurprising that in Swiltzerland, for inetance, a fish
kill occurs every one to two days oWwing to liguid manure, whose ammonia content ia
lethal to the agquatic fauna, '

In connection with cattle-breeding, there are also the effluentes from grass siles,
which present an acute danger to surface-waters, not only because of their high BOD
value (50'000 to 100'000 ppm), but also for their high content in total nitrogen, i.,e. more
than 3'000 ppm, of which 1/3 is present as ammonia~nitrogen.

Another mource of P and N is the air, Indeed, atmospheric precipitation contains
golld, liguid and gassous impurities and shows valuee ranging from less than 1 mgfl to
up to 7 mg/l. Although these quantities are very small, when introduced into surface
water, they stimilate plankton growth,



A2, The struggle agalnet eutrophication

The human excreta per capita and per day have been calculated to be 13 g N and
1.4 g P, of which 88 % N and 58 % P are soluble, In eynthetic detergents different
polyphosphates are used, AB an average we can value the content of synthetic detergents
at 7-12 % P, In the German Federal Hepublic the production of detergents containing
phosphates has doubled between 1559 and 1966, and the increass has not slowed down in
recent years,

The discharge of P from detergents is quantitatively sufficlent fo explain the extra-
ordinary inecrease in the plankton development in the Lakes of Constance and Geneva in
racent years,

Food processing industries also discharge phosphoric and nitrogenous materials.

further sources of nitrogen and thosphorus are strest cleansing and run—off from
strests, sguares and highways. According to figures from the United States, streat
run—-off containe approximately 4 times more nitrogen and 2 times more phosphorus than
the water from rivers, 1In forest regions an average of 0,88 g/m? of nitrogen and 0.1 gfhg
of phosphorus accumilate; these indications correspond to T and 3 & respectively of the
amounts found in domestic wastewater in the same reglons.

B. THE ABRCe OF WASTEWATER PURITFICATIOCN

It is in keeping with hie innate need for order and cleanliness that man removes
all the wastes he produces in the course of his daily activities; his main concern is
4o avold nuisances and detriment to his surroundings as  Tar ase possible,

Very early in the history of mankind it was recognized that the solld and liguid
wagtes produced by man and animale contained chemlcal elements that had natural fertilizing
value and could enhance the yield of s11 types of crope. In rural regions, human and
animal wastes were therefore carefully collected in cesspools and manure ditches. In this
way human and animal excrements can supply the plant nutrients that must be returned to
the so0il after harveating.

Not o very long zgo the fecal matter generated in the cities was collected in
containera and apread on arable land; in Zurich, in fact, this type of dispoeal was
continued until the beginning of this century. In the meantime, however, the flush toilet
was invented, whersby the excrements are diluted, loosing their value as a fertilizer,
¥evertheless it proved to be easier to remove waste material from houses and commnities
on a continual basie through a sewernge sygtem, Dut where was it to be diecharged? The
oaaiest way was 1o discharge it directly into the nearest receiving body, river or lake.
Thus the household and community wers kept clean and orderly, but man had reckoned without
his hoet, 'The pollutants in the wastewater contaminated the receiving body fo such an
extent that increasingly intolerable conditions developed.

HWater pollution involwes hyglenic dangers ne a result of the bacteria in the waste-
water, which can cause infections in man and animals such as typhus, paratypoid, diarrhea,
cholera and other diseasss, possibly even polioc, (Hher conseéquences of water pollution are:
oxygen depletion especially in the deep layers of our lakes; fungi formation in river beds
through uneightly, slimy strands that cowver plants and rocks; odor muimance and toxic
gases such as sulfur dioxide, ammonium and methane.



In lakes which had formerly had a healthy bicchemical balance the pollutional load
caused a disruption which had catastrophic consequences for fisheries, water sporte
and the esthetics of the landscape in general. Mountains of detergent foam formed, ugly
streaks of dirt and oil floated downstream, the waters became {urbid and discolored;
chocked by algae and coze, Water became difficult and expensive to purify., These were
the consequences of a continuous strain on the self-purification capacity which ie
inherent to every water body but which also has its limite, It is for this reason that
this development muet be nipped in the bud, Domestie and industrial wastewaters must,
before being discharged inte a natural receiving body, be treated so that the water can
purify iteself, through the natural processes of decomposition and mineralization,

B.1. Collecting and conducting wastewater through a sewerage ayatem

All the water and wastewater that accumilates in a community from houses and streets
ie gonducted, through pipes of constantly increasing diameter, to the main canal of the
sevwarage eyetem and finally to a wastewater treatment plant., Sometimes domestic waste—
water and run—off from roof-tops, sireets and public sguares are colleocted in separate
ducts; then again both rainwater and domestic and industrial wastewater can be con-
ducted in a single sewerage system, called a mixed system,

In some cases it may even be worthwhile for large industrial complexes to collect
their wastewater in several separate ducts, In older municipalities and private companies,
however, a separate collection system iz unfeasible because of the complications and high
costa involved, Yet in new agplomerations ouch as satellite cities or in rapidly developing
neighbourhoods, the separate collection system offers very definite advanteges.

‘B,2, Hnstewater treatment

Before reaching the actusl treatment inetallations in & purlfication plant, the
wastewater collected flows through a number of preliminary treatment installations, The
rainwater diacharge channel regulates the amouni of water that enters the plant, preventing
the plant from being overloaded during heavy rainfalls, The excess water is usually
discharged through athreshold built into the inlet canal and lead to a storm—water tank or
directly to the receiving body. Stormwater tanks for overflow have been proved necessary,

They remove the pollutants, which are particularly concentrated in water at the
beginning of a heavy rainfall, If the excess wastewater that spllle over the thresheld is
discharged directly into the receiving water, thie body of water would be subject to an
additional pollutional load, Wastewater treatment plents will therefore have to be
degigned in such a way that rainwater discharge would be necessary only very occcasionally,
The sludge retained in the storm—water tank is removed from time to time along with the
sedimented pollutants from other sections of the plant.

The main inlet channel of a wastewater treatment plant has a built-in coarse bar
screen that removes large objects such as wood, paper, and piecee of cloth and plastic
from the waptewater, The debris that accumilates in this way is collected elther manually
in the cage of small plante or by means of mechanical cleansing machines in larger plante,
It is then buried, composted or pulverized in a comminutor built into the inlet channel
and subserquently dumped back into the wastewater duct for further processing in another
part of the plant.

To keep track of the amount of wastewater entering the plant; the water is channeled
through a Venturi canal, a bottle-neck in the inlet duct, where it is measured and
continuounly registered with 2 water gauge,



Sinece sand is carrled along in the wastewater ochamnnel, presenting a danger for pumps
and other machinery and for digestion in the digeetion chamber, it must be removed in a
gand trap, Fats and oil, which alec impede the purification process, muist be removed
g8 far am possible in an oil separator., This conelete of deep channels from which air
i pressed, The air bubbles carry the oil and fatty materdal to the surface of the water
vhere it is skimmed off,

B.3. Sedimentation or primary settling tank

MNext the wastewater ls channeled to a round or rectangular primary settling tank where
the heavier aolid wastes oan settle, The sludpes that accumilate, called primary sludges,
are removed from this tank and pumped to the digestor chamber before anaerobic decomposition
gtarts,

Tt 18 important to try to retain as much solid waste material in the seitling tank
a8 possible in order to eliminate =8 much fecal matter as poseiblay yet, on the other hand,
this installation muet not take up more space than abaolutely necesdgary,

Tha effecta of sedimentetion in the primary settling tank are sll the greater, the
longer the wastewater io kept there. A lonpger retention time, however, presupposes larger
installationa, which, in turn, entail greater financial outlay. Thue the design of the
plant must be ealeculated so that optimum uwiility coan be obtalned with the least peosaible
gonatruction layout, Optimum conditions, however, differ from country to country and even
from municipality to municipality. The mean time of paseage of the wastewater in a settling
tank, for instance, wvaries from less than one hour to two or oven more hours,

The amount of space available and a number of other criterin will determina the design
of the primary treatment installatioms, that is, whether the tank is to be round or rectangular,
ghallow or deep,

B.4. Sludpe digestion

In the digestor the sludge goes through a process of anaeroblc fermentation, under
the exclusion of air, during which digestor gas (2/3 methane 1/3 CO,) is produced, The
palorific value of this gas, which is collected in a gasometer, i= g 000 kecal/m?, that of
the gas supplied by the utility services is only 3 500 kcalfmi.

Sludpe retention time in the digestor differs. Formerly, three to four monthe had
been considered necessary to kill off pathogens and intestinal worm eggm. Recently, however,
digestion time has become shorler and shorter so that sludpges today are kept in the
digestion chamber for only a few weeks, Of course, sludpes are still more hygienlc, the
longer the dipestion peried, because the inteatinal worm eggs, due to their hard outer
shell, are extremely resistant to externmal influences,

The digested nludge is practically odorless and cannot decompese any further., Since
the organically-bound elements found in urine and excrements are present in a mineral
form in the sludpe, it is valuable as a fertilizer and soil improver. Because of the
high phosphorus content in digested sludge, farmers have added it to ligquid manure, which
containa mostly nitrogen and potassium,

Deapite the advantages of sludge, resistance has of late been building up against ite
application. The veterinary and milk hygienists, for example, called undigested sludge
unhygienic and traced damage observed in cheese production as well as worm diseases among
graat parte of the population back to sewape sludge., As a result, the Swise regulationsa
for the delivery of dairy products of 1554 forbade the use of sewags aludpe in agriculiurs
during the wegetation peried, that is, from March to October,



Daaplte these obetacles, ways and means had to be found to make sewage sludge, of
which more and more was being generated each year, popular, The Federal Institute for
Water Supply, Water Purification and Water Pollution Control (EAWAZ) of the Swiss Federasl
Institute of Technology was instrumental in this undertaking, In close collaboration with
agricultural research institutes, it carried out experiments and projecte to find new
markets for sludge, on the one hand, and on the other hand, to find acceptable ways for
hyglenizing sludge through pasteurization, as this is done abread. In this way, the
aludges can be used in agriculture without detriment to man or animals,

A further pomsibility for using sewage sludges is compoeting in admixture with house-
held refuss, During fermentation, temperatures rise to TOP ¢ and more so that all un-
desirable miocrobes, worm egge as well as weed seeds which had resisted wastewnter treatment
are killed off, The final compost is completely hygienic.

Important usen for sewage sludge and refuse compoet are in vegetable gardens and vine—
yards, where the compost acts am a soil improver., Soil erosion after heavy rainfalls and,
asd a result, the depletion of plant nutrients can thus be prevented, Then, too, the
s0il is eamier to till after hesvy rain becouse it dries more gquickly,

A has been determined in tests ecarried out in conjunction with the Foreetry Research
Inetitute of the Swise Fedsral Institute of Technology, sxcellent results can be achieved
with refuse-sludge compost in tree narseries. This iz a preat improvement over the Tormer
method of preducing compest from woodeutting wastes, Refuse—sludge compost is alaso in
demand in orchards and the florist business, which facilitates the disposal of dumeatic
and industrial refuse to a considerable extent,

It i=s a matter of course that the compost should be of an indisputable quality., The
firet prerequisite is that it be free from sharde and cullet, Compost destined for
agricultural use must also have reached a certain degres of maturity. A research projeoct
le now under way to determine which types of plante compost is most suited for and which
quantity is most advantapeous,

Deapite the more widespread uee of compost, apgriculture in Switzerland hae not been
able to absorb completely the sewage sludge generated in urban areas, Thus, an alternative
to reutilization has to be found, An effective solution lies in incinerating the dipested
gludge with subeequent heal recovery ag this is done in Geneva, Zurich and Lausamme. Hach
runicipality must Cind the most appropriate way to solve its specific sewage sludge problem
with the least possible outlay.

B.5. Secondary wastewater freatment

Despite mechanical treatment, the water that leaves the primary settling tank still
containg a very high percentage of pellutants since not more than 30 percent of the waste
material, in relation to the crude wastewater, can be removed at this stage. The remaining
70 % is still found in molid or suspended form. Thus if treatment is limited to the
primary stage, putrefaction and odor nuisance result, One of the dangers of polluted
rivers, especially when they are dammed up, is that there can also be contamination of the
groundwater, Examples of this are supplied by events in Auget on the Rhine, Wettingen on
the Limmat, Klingmau, Wohlensee on the Aare and finally Verbois below Geneva, The lesson
to be drawn from thie sad sequel is that polluted rivers, if dammed, c¢an badly contaminate
the groundwater., In fact, the self-purification process of the leachates continues in the
groundwater, which leads to oxygen depletion and the dissolution of the iron and manganess
salts in the soil. Thie makes the groundwater uselesa for drinking or service purposes,



An a result of these fechnoleogical mistakes in water managément, the necessity of
both mechanical and biologleal treatmeni was reallzed.

But what, in fact, does biological wastewater treatment mean? The object is to
remove the pollutante that are not eliminated in the primary wvettling tank through biclo—
gical treatment in such a way that the self-purifying capacity of the water can cope with
the water discharged from the plant withoui difficulty,

The organic and inorganic waste materials in the raw wastewater that flows from the
primery settling tank to the secondary treatment tank euot be mineralized so that only a
very small amount of pollutanis remains in the waotewater treatment plant's effluent,

4 number of procosses are possible for the biological troatment of wastewater:

a) agricultural utilizetion and irrigation or spray irrigation;
b) field irrigation method;

¢) meil filtration:

d) trickling filter method;

e) osubmerged trickling filter-method;

f) the classical activated sludge process; total oxidation, inetallations
and planis with relatively long reaction parioeds for which several systems
have been cevolved;

g) oxidation ponda,
The Cirat and second processes have been used abroad, especially in Germany, since
the middle of the last century, Soil filtration has been practised mainly in the United

States, All 3 methods have aroused wery little intarest in Switzerland because of the
lack of land available,

B.5.1. The trickling filter

fccording to folklore, "the process of self-purification is completed after the
water has flown over ihe soventh etone™, It was on the baoio of this principle that the
Englishman, J, Corbett, invented the trickling filter,

The trickling filter field of the city of 3t, Gall in Switzerland was one of the firat
biological treatment inetallations far and wide. A trickling filter consista of layers of
fist-sized rocke of various materials (limestone, lava slags, artificial stone and other
material), These layers are heaped on top of a prate that is pervious to air and water,
Somewhat larper rocks are placed directly over the grate in order to facilitate the
peesage of =ir and water, The top layer should also have coarser materizl to prevent
fungi growth and the formation of puddles., The entire inotallation can be surrcunded by
a wall to increase the movement of air currents and retain warmth, The trickling filter
can be covered to prevent the psychoda, the filter flien, from flying off. In this case,
however, the installation muat be wventilated artificially.

Wastewater containe bacteria in great guantition. Since they find unlimited cquantitiea
of food they develop and multiply very guickly by eplitting, decomposing and mineralizing
the pollutanto' complex molecular structures through tho agency of enszymes that are found
in specific Fermentation syslems, Prom these biochemical procenses the bacteria draw the
energy they need for 1life., ‘'These bacteria as well as micro—organicms, fungi, macro—
organisms and algae eettle on the surface of the trickling filter rock, forming what is
called bielegieal elime, The wastewater from the primary gebtling tank is evenly



distributed over the surface of the trickling filter by means of a rotating sprinkler,
Thie activates the organisms in the biclogical slimej they mineralize the organic waete
material in the water. The wastewater then percolates through the layers of rock and
after approximately 20 minutes (longer for higher filters) flows out through the grate
biologieally clean., Iuring this period the bacteria and pathogen count will have besn re—
duced at least ten times,

The biological slime on the surface of the rocks breaks off either from time to time
or continually, to be floated away, while new slime forms to renew the patches, The sludpge
that breaks away settles in the secondary sedimentation tank and is then digested.

Trickling filters can remove at least 90 percent of the cruds water's pollutional
load,

B.5.2, Activated sludge system

The Inglish have made considerable contributions to the development of effective
methods of biclogical wastewater treatment, British experte evolved the trickling filter
in its modern form, and they are to be credited with the invention of the actiwvated sludge
syatem, Although 1t was formerly believed that zeration was sufficient for wastewater
purification, research scientists like Ardern and Lockett recognized the role of bacteria
in mineralization. The fermentation systems enabled them to mineralize organic waste
material, a process in which oxygen plays a key role, The bacteria do not grow on a sur—
face but multiply in the wastewater itself. 48 in the trickling filter, they use the
gubetrate, that is, the organic waste material, as a source of energy and for metabolism,
Contrary to conditions in trickling filter, however, the bacteria multiply only if they
are supplied with sufTicient oxygen. For artificial asration to be effective, the waste-
water in the entire system must be kept in motion continually. This can be done by means
of & rotating brush aerator or pressurized air,

Extensive testing on & semi-technical scale at the Swiss Pederal Institute for Water
Supply, Sewage Purificatiom and Water Pollution Control has shown that slowly degradable,
aynthetlc detergents hamper or; in some parts of the plant, even impede proper mixing of
the wastewater., This has, fortunately enough, been recogniszed by detergent manufacturers,
who have replaced hard detergentswith essily degradable products,

After having been treated in the primary settling tank, the wastewater im led +to the
activated eludge tank, Care must be taken that no toxic substances get into the tank,
ag great damage can be caused to the activated sludge, that is, the bacteria flakes that
thrive on the substrate. The advantage of tho activated sludpe system over the trickling
filter ie that the aeration tank can merely be emptied after a poisoning, To make it
operational the tank has only to be refilled, while damage to the trickling Tilter entails
more complicated repaira, Sometimes the filter must be completely rebmilt after which a
running-in peried of weeks is necessary before the installation is completely operational.

A Purther advantage of the activated sludge process lies in the fact that the plant
operator has beiter over—all control and that he can adjust the amount of sir pressed
into the system to the washewater flow to obtain optimum operating conditiomas,

The same degree of purification is reached with the activated sludge system as with
the trickling filter, Construction and operating costs of both systems are practically
snalogoua,



The sludge removed from the activated sludge tank is taken to the secondary setiling
tank for treatment, Part of the activated sludge that settles here is led back to the
asration tank, while the excess sludge, called secondary sludge, is mixed with the primary
sludge in the digestor.

Turing the mechanical and biological treatment processes the pollutants in the wasie—
water are mineralized, Thus the main elements of the organic compounds are now found in
the form of 00z, water, mineral nitrogen compounds, sulphates, phosphates eic, Thess
compounds, howsver, can in turn act as nutrients in lakes and rivers where they stimulate
algas growth, The eutrofying minerals from wastewater treatment effluents mist be removed
if our lakes and rivers are to be saved.

Racent teste have revealad that it 1s mainly phosphorus that triggers off eutro-
phication, This recognition allows us to hope that once phosphorus compounds will hawve
been removed from ftreatment plant effluents as completsly as possible, we will have come
that mich closer to our ultimate goal: water pollution control.

B.6, Tertiary treatment: Removal of main eutrophying substances

Fhosphorus compounds can be removed through the addition of ferrie chloride, aluminium
mlphat® or lime to the biological treatment basin of a sswage tresatment plant. The same
thing can be done in a special installation built behind the final settling basin,
Naturally this raises construction costs, but the costs of the precipitating agents used
are aven higher,

Ve are not yet certain of the growth-limiting effects of nitrogen compounds, but it
is quite possible that the removal of nitrates from our waters will be required aconer
or later, For this Teason attempts at denitrification are being made in a number of
places. Many colleagues even proposed that the phosphorus and nitrogen compounds in
sewage treatment plant effluents be eliminated esimultansously,

Denitrification can be accomplished artificially by channeling waste water into an
oxygen—-fren system wnere the nitrate reduces itself to molecular nitrogen, which escapes
a8 & ga® into the atmosphere, However, I lmow of no ireaiment plant so far, in which a
denitrification process of thie sort is being carried out.

#hat has been said, suggests that nitrogen compounds must be regarded as partially
responsible for the eutrophication of our waters — even if this has not been proved -
and that the amounts of nitrogenm should ideally be kept to a minimum, Thus there develops
an inevitable contradiction between demand and measures to step up production on the one
hand, and the campazisn against eutrophication on the other. There is no doubt that nitrogen
fertilizers stimulate the production of food to a very considerable extent. Cur task is
thus to use all means at our disposal to atiain maximim crop yields through nitrogen ferti-
lization, while similtaneocusly keeping the niirogen enrichment of cur waters to a minimum
to avoid the unfavorable effects of eutrophication.

Fitrogen compounds are more easily washed out of fertilized acil than phosphorus
compounds, In applying both chemical and farmyard fertilisers care should therefore be
taken, if only in the moet basic interest of the farmer, tc aveld the loss of nitropen
and its being carried directly into the water.



Hatural waters, rivers, lakes and indirectly groundwater receive and dissolve eutro-
phying substances from

a) oconcentrated effluents from wastewater purification plants
from commnities and industries (concentrated diecharge)

b} agricultural fertilirzation
the air
drainage areas of oultivated grounds
runeff from highways, roads, streets, sguares and other gources

[diffugﬂ diachurgﬁ}.

Obwviously the former sources are relatively sasy to gage while the latter ones can only
be roughly evaluated in respect to quantity.

B.T. Conclusion

From the sewerase Byotem and agriculture the following amounts accumilate per mEfyaar
1,86 ¢ N end 0.17 & P,

Qur experience with several lakes, for example the Lago di Tovel (Italy), Zeller 3ee
{fustria), Lake Mashington (US4) gives us reason to belisve that conditions can be more
favourable in some cases, The Lake of Zurdich has aleo shown signe of improvement, as was
to be expected wince all municipalities aleng the lake will scon have complete blological
treatment and some practise phogphate elimination already now.

Indeed, oxygen conditions in the lower layers of the Laka of Zurich hawve improwved in the
pagt Tew yeara, and tho massive development of algae and weeds has stopped. Let us hope
that this impression will be confirmed and prove to be of a permanent nature, In any case,
this is ne time to despair, it is our duty to do our utmost to support and accelerate the
improvement of our waters, We must not be deterred by the high costs energetic action

entaila,

If the towns of Zurich and Winterthur at first followed the advice of foreipn expertis
and realised only the primary or mechanical stage of wastes purification through sedimentation,
these comminlties nevertheleszs soon felt compelled to treat the overflow from the primary

aettling tank biologically.

lhether treated in trickling filters or uaing the activated sludge system the degrea
of mineralization is very satisTactory, corresponding to a 9 % reduction in the bio-
chemical oxygen demand and more. However, during this process nitrogen and phoephorus are
tranaformed to an inorganic state and thus provide a socurce of nourishment to the micro-—
soopliec and macroscopic plant life as nitrates, phosphates, sulphates and other oxidized
compounds,  These elements mist therafores be eliminated as far as possible in the third

stage of purification.

Somae suggestione for eliminating nitrogen date back to the end of the 15208, but it
was not until very recently that definite, satisfactory solutions could be found, One of
our main problems is precipitating phosphorus compounds from fewage plant effluents by
adding a chemical precipitant, Iron salts, especially ferric chloride; aluminium sulphate

and lime are mainly used to this end,

Lime has proved to be an excellent flocculant but hap an undesirably high pH and
forms voluminous gludges that are difficult to dehydrate,



Iron ealte and aluminium sulphate hawve produced batter results, With apprcximataly
200 to 250 mg aluminium Hulphatafliter 95 % of the total phosphorus or up to 99 ¢ of the
phosphate phosphorus can be removed, lsaving only 0.06 mg Pfliter.

Until now, howewver, iron precipitation ha® achieved the best results. Two methods
have been proposed:

a) rthosphorus compounds can be precipitated by adding PeCly to the activated
eludge 5o that the iron phosphate falls into the sewage sludges and is
carried to the digestion chamber (there is no danger that they might dis-
solve in the anasrcbic medium) or

b) iron precipitation can be provided for in a basin located behind
the secondary settling tank. 10 mg/liter of Fe (in the form of
FaCl } generally suffice to reduce the phosphorus concentration
to O, 63 mg, Higher concentrations of iron éﬁp to 30 mgfliter)
ecan inecrease the rate of elimination ta 92 with a residual iron
concentration of 0.5 mgfliter,

Procipitation arfter the final sedimentation basin is more effective but entails
more congtruction and operating costs since an additional treatment tank and more chemlecals
are needed,

The canton of Zurich has recommended phosphate precipitation for all commnities
along the lake, Fortunately other cantons are following this example in the belief that
all means zhould be mebilized to enhance the self-purification capacity of their waters,

Witrogen compounda are more difficult to eliminate within the framework of conventional
.purification methods than phesphorus, '

It is our great misfortune that the removal of eutrophying elements is noi alwaysa
encugh to protect our lakes and rivers against deterioration, Pesticiden, fungicides,
growth=atimilating subatances, hormones and other active elements are finding their way
into our waters in ever—increasing quantities, We must fight against the accumlation of
these substances present in wastewater or in the run-off from land used for agrlculturﬁ
and forestry.

The fight againet water pollution entaile a very significant financial layout Tor
Switzerland as well a8 all industrialized countries, The outcome of thisstrupgle is not
at all certain, Howewver, since healthy water is our mest fundamental need, we mist do all
within our power to protect our endangered environment,

AL new menace to water is the temperature increase caused by discharges of cooling
water after use by the conventional or atomic power plants, This thermal pollution of the
receiving waters is still something new, but it will probably grow inte one of the major
problems of water protection, In any case, extremely mound regulations regarding the
thermal load that can be borme by water will have to be met up on the base of Hide Tange
and long term thinking,

A recording of the present state of the Swise lakes and riters has already started. This
"atatus quo" will, as spon 23 a number of atomic power plants have been put in service,
enable us to define and prevent the detrimental effects of thermal pollution from the
pointe of view of biology, chemistry, fishing, etec,



C. THE CONTRIBUTICN OF AGRICULTURE TOWARD BUTROPHICATION
IN SWITZERLAND

Ce1, Introduction

Scientilfic phytophysiolosy has taught ue how — by modintaining optimal external
conditicns and by providing the plants with optimal nutrition - agricultural yields can be
incressed to a2 maximum a8 regards both guantity and quality. This, as well as the
experience acquired in the course of years, has gradually brought deep changea in the
practice of cultivation., Thankae {0 the sensational resulte of research studies effectad
by the medern phyte-physiclogists, among which we find the names of SACHS, FFEFFER,
LIEBIG, MITSCHERLICH and, mors recently, VOISIN, we now know the chemical elements that
are indispensable for the normal develepment of planta, those that cause plants to develop
more fully and slso those that are liable to harn or even destroy plants, Froper dosage
iz of course very important, i.e., the gquantitative ratio between the different elements,
ag well as consideralion of synergiams, antagonisms and oligo=-dynamical effects,

Basing upon such findings, a new scicnce has developed as regarla application of
fertilizers; it includes consideration of the regional and local climstic conditions, as
well ag of the logal aoil characteristics,

The rapidly spreading eutrophication of a large number of water bodies is doubtless
due to the unnaturally inereased introduction of mutrients. Among the mocro=nuirients
found in lakes, phosphorus and sometimes nitrogen too were identified as the minimum
factors, Hince bolh these elementa, together with potassium, are the principal ingrediente
of anorganic fertiliszers, it may logically be assumed that, in addition to the commnal
cand agriculiural waste waters, losses of rutrients from intensively cultivated areas finally
reach the water bodies and contribvute to their eutrophication.

The supply of nutrients in water bodies may originate

- from the stmosphero
- from g0ils not influenced by man (natural basie charge }
= Trom soils utilized by agriculture and forestry

= from wasto waters,

Precipitations reach water bodies either directly or indirectly via purface or underground
effluents. I they fall on urban areas (roads, squares, roofs) or unproductiive land and
water surfaces, their contribution toward eutrophication is direct, owing to their content
in phosphorus and nitrogen compounds, In Switzerland, such areas take up a surlace of
approximately 10 000 km?, The remaining 31 000 ke? or 76 % of the total surface are
productive land., Mulrients diluted in rain water and Talling on land utilized by apri-
culture and forestry fertilize the soil in the same way as doss elementary nitrogen fixed
by the so0il bacteria, UnTorlunately, ne data is available on the concentration of nitrogen
ardd phosphoris in rain—water in Switzerland, Such data would enable us to evaluate the
importance of this source of nutrients in our country., The inevitable negligence of this
source of nuirients results in a slight overestimation of dhe proportion  of nutrients
brought into water Lodies by agriculture, in our evaluation of the relative contributions
from agriculture and from wasie woters,

The estimation of the contribulion from waste waters is based on the following data:

nitrogen 12 g per capita and day
phasphorus 3 g per capita and day,



As Tegards phosphorus, about half this amount comes from detergents,
The leaching and ercsion of nutriente depends on varlous factors such ss topography,

type of soil, climate, cultivation methods eto,

0,2, Amounte of nitrogen and phosphorus contained in water and
originating from land utilized by apgriculture and forestry.

0,2,1., Direct measurss effected under natural conditionsa in the
catchment aress of wvarious receiving waters,

Thie study was based on the following publications:
Frealpine areat
Keller, H,M, (1970) Der Einfluss der Wassermenge auf den Chemismus
kleiner Biche, beobachtet in kleinen Einzugsgebileten im Alptal Ssj
Digsertation ETH Zilrich Nr., 4562,

¥Krummenacher, T, Dis NEhrstoffbilanz des Alpnacher Sees;
Mesartation BETH Zirich, in Vorbereitung.

Fawag (1955) Investigation on the Lake Sarnen basin; unpublished,

Fawag (1955) Die Verunreinigung von Linth und Limmat; unverSff.

Central Flateau:

Ambifhl, H. {(1960) Die Nihretoffzufuhr zum Hallwiler See; Schweir
7. Hydrol., 22,

Eawag (1960} Der Murtensee; unverBffentlicht,

Pleisch, P, (1970) Die Herkunft eutrophierendar Stoffe beim
PrEffiker See und Greifensee; Vierteljahrsschr,Natf.Ges,, Ziirich, 115.

2.1.1, Influence of the water volume on the chemistry of brucks,
as obeerved in emall catchment areas in the Alptal (Canton Schwyz).

Iuring a period of two years, Heller took samples - generally every week — from four
brooke and simultaneously determined the momentary run—off of esach brook at the time of the
sampling.



Table 1 Utilization of the catchment areas under observation in the Alptal,
Catchment aurf%ca for:;at ' n?zzﬁiﬁa%g;:f pastures
araa km= % g

I 0.72 56.0 37.1 6.9

11T 1.55 £3.0 25,0 2.0

v 1.08 7.7 20,3 42.0

viI 0,52 92.6 3.8, 3.6

VIII 0.93 93.5 6.5 L

In consideration of the frequence of highwater and low water the following annual

loads were determined:

Table 2 Annual nitrogen loads in the Alptal (kg Nfkm®+a)

Nitrate—N Ammonium=N Total
anorganio N
I 112 T 149
ITT 113 30 149
v 171 22 193
ViI 148 15 163
VIII 104 £y 141

The average concentrations determined by weighing were as followe:

Table 3 Average annual concentrations (me/1)

| III v VIl VIII
Nitrate 0.15 0,16 0.23 0,20 0.14
Ammonium 2,05 0.04 0,03 o.02 0.05
Phosphate-Ps 0,001 0,001 0.001 0,001
Disgpolved total P#* 0,003 0.003 0,002 0,003

* three determinations only.




The average run—off amounted to 1..3.'12}15"'1()E m3/ﬁm2-a.

2.1,2, The Lake of Alpnach

The following average concentrations were determined in eight brooks flowing from
different types of land (forests, meadows, pastures and rocky land) inte the Alpnacher See
(a part of the Lake of Lucerns):

Table 4 Mean nutrient concentrations of brooks in the catchment area
of Alpnacher See (ug/l1).

FO tl_P '.].‘Dta,l P HQE—H NH 4—1'1 Total

disgolved ; anorg., N
Widibach 0.5 2.3 473 8 487
Chli Schlier 3.0 3.7 337 15 352
Grosse Schliere 1.5 4.2 237 16 253
Melbach 28 43,6 1233 49 1282
Amelioration canal| 41.3 . h0.4 1947 &8 2015
Speedway canal 16.0 25.6 1189 46 1235

2.1.3: The Lake Sarnen

Corresponding analyzes aeffected in the Barner See catchment area (Cantml Switzerland)
bearing the water of brooke Tlowing through fertilized meadowe, pastures and Torests gave
the following results as regards the phosphorus and nitrogen loads:

Table &
kg P/kn p.a. kg N/xm2 p.a.
Blattibach + Hhidishaldenbach T8 1425
Schwandbach 36 1106
Gerisbach 15 1180
Steinibach 41 1060
Riitibach 0 860
Leimersraben 23 £90
Sigetschwandgraben 24 636
lMaienbach a3 1080
Edisriedbach 59 1270
Dorfbach Sachseln A6 1130
Wissibach 15 1175
Dornibach 51 1380
Melchaa, lower course i3 1010




On the basie of correlation analysis, the following walues for the loss of nutrients
through leaching and erosion for the different types of land use could be determined:

Table &
Total N dissclwved . © Total P dissolved

mgz//1 kg/kn? p.a. }1.9;#’1 ke/km? p.a.
Forasts 0.6 840 3 4
Meadows without _
fertilizers 1419 1650 54 T4
Pastures with
fertilizers 1.4 1540 T4 102

2.1.4. The river system Linth-Limmat

In March 1959 at several points of the river system Linth-Limmat samples were taken
continuously over a period of 24 hourz. Since the upper part of the river Linth is certain-
ly not charged with any waste water, there iz an cpportunity for the eatimation of nutrient
losses in prealpine and alpine soils. For this catchment areaz of 75.7 km< (3% forests,

5.5% mountain pastures and 91. 5% unproductive land with rocks and glaciers) the following
results were found as regards the loads at a specific run—off of 0.337 . 10 m:?-‘;'rk:n2 Pedet

/H.!g/]. kg /kmep.d.

Phosphate-P 10 0,0092
Nitrate + Nitrite 300 20,3038

2,1.5., Supply of nutrients into the Hallwiler Sce

The aim of this study was to measure the teotal supply of nutrients into the Hallwiler
See and to answer the guestions as to whether the mutrient load resulting from natural
proceasas and from the agricultural utilisation of fertilisers would be low enough to pre-—
vent further eutrophication provided the inflow of wastewaters were stopped completely.

For this purpoese, during one year, 60 gtatistically apportioned samples were talen,
according to a fixed schedule, at different hours and seasons, from six affluents recognized

a8 being the chiefl nutrient suppliers, A%t the same time, the rm—off of the sald affluents
was determined,

The only affluent found o be suitable Tor the determination of the expected nutrient
load was the Meisterschwander Village Stream which, in apite of itz relatively large
catchment area (8,1Mm2), carried a weak wastewater load {ﬂ.? Em= of {he catchment area
conaisted in forests and about 0.5 kn? in constructed areas).



Minimal concentrations were always measured at & a,m.. AMBUEHL cencluded from it that
the total load may be considered as equivalent to the 'natural' lead in the early morning
hours, ©Om the base of this supposition the phosphate load conlributed by agriculture and
forestry was calculated ap followm:

agricultural PD4-F losd

km? P
Since however the mun—off ohmerved was higher than 0,093 mg".-zlaec. in about 50% of the

sases and considering that the load ie not proportional to the run—off, the effective load
had to he emaller than 42.0 kg Pﬁﬂ—P,.f"km2 Dee

o 24.0 kg P/fkn® pea.

focording to the findings of the thorough study sffected, the phosphate lose of the
goil in the catchment area under observation would lie between 24.0 and 42,0 kg PD4fPfkm2p.a.

The nitrate'concentrations were but very alightly influenced by the time of day and
practically not at all by the run—off, This resulta,in conformity with the catchment area
of the Sarner 3se, are in a linear dependsnce between the nitrate loada and the run—off
(Mlustration 4). At an average run—off of 0.058 m—}'fsact the nitrate load amounts to

305 x 20 kg N .
20 kg N/day or ——————s— = N0 kg H{]S—Nf_kmz Da Bie
8,1 km“

2,1.6, The Lake of Morat

Eleven rivers in the catchment area of the lLake of Morat were examined between
Dacember 1, 1954 and November 22, 1955 at intervals of two wecks.

n the supposition that about one third of the poulation was attached to the sewerangs
system and that the waste waters of the remalning two thirdse had no influence on the recelving
waters = or if so, only by way of the fertilizers utilized by agriculture — the contribution
by agriculturc to the charge of the recelving watera was avaluated as follows:

F loss of the soils 25 - 30 kg/m? p,a.
N loss of the soil: 1500 = 2000 kgfim? p.a,

(The contribution of +the population generally is assumed as to
te 3 g F and 12 g H per capita J/ dax, }

In the same study two 2mall sireams evidently not influenced by wastewaters were sloo
examined, The nuirient loada contributed by agricultfure ware found to be ag follows:

Table T

surface Fi.—F load M= load total ¥ load
Catchment area e kﬁ?km? Te Bla kg lem? Do kgfgmg Dete
Rivitre de Forel 2.0 39.5 2380 2550
Léwenberghach 4.3 31.0 2040 2490




2.1.7. Origin of the eutrophiming matter in the PrEffikér She and in the
Greifenses

In 1967 and 1908 PLEISCH made monthly samplings in 32 affluents of the PfEffiker Ses
and the Greifensee and at the same time evaluated their run—off in order to determine the
amounts of mutrients supplied into the two lakes,

Seven of the 32 catchment areas were not or but very thinly populated, 2o that the
nutrient load was practically due only to agriculture and forestry:

Table & Average concentrations and annual loads of the different catchment areas,

POg-F | PO,~-F NOy-N NOy=N WHp~N | NHg~N anorg.N
CONC, ldad CONG . lozd CONG. load load
M/l | kgfkn2ea| me/1 kg/knPea|  mg/l ke/km?ea | kg/knlea

(1) 17 10 4.7 2750 0.04 23 2773
(2) 20 15 3.2 2380 0.04 28 2408
(3) 7 4,4 el 880 0.03 19 899
(4) 30 22.5 ps 1880 0.13 58 1978
(5) 17 97 2.5 1430 0,07 40 1470
(6) T 3.5 -5 1050 0,07 35 1085

(1) 23 16.3 2.6 1860 0.06 43 1903

C.2.2. HRecapitulation of the results

In order to permit a comparison between the resulte obiained by the different authors
the concentrations (leada) of dissolved phosphorus compounds had to be partly evaluated
from the data given for orthophosphate and total pheosphorus., The following formula was
applied:

(P04-P) + (total P in raw water)
2

(diesolved P)

Thug calculated wvalues are listed between brackeis in Table 9,

Illustrations 5 and & show the specific superficial nitrogen and phosphorus loads
in relation to the parts of the catchment area exploited by agriculture.

If "a" representa the specific superficial nutrient loss of the part of the area not
exploited by agriculture and "b" the cultivated surfaces, the nutrient loss "Y' occourring
through leaching and erceion in an area of mixed exploitation will be either

Y = (1=X)a + 7> or Y = a+ (b-a)x.

X" is the relative portion of surfaceexploited by agriculture {}{{1).



Tivision into only two types of wtililzation, without consideration of the fertilization
practices, type of cultivation (pastures, meadows, fields), climatic and topographic con—
siderations, is of course a very rough distinetion and does net careepond entirely with the
effective conditions reigning in the area,

However — &t least ms regamis phosphorus — the concordance is guite surprieing, The
phosphorus lesses from forest areas are practically nil in the Frealps as well as in the
Central FPlateau,

Table 9 Type of utilization and nutrient losses from water
from various areas of the Central Plateau.

Catehmant u:g utilization dissolved phosphorus | diesolved nitrogen
area = by by .
e, Agri- forestry j,.-'ung 1 kgP/km2.a | mgh/1 kg km® «a
‘.Ea‘_ cultura
S % %
Hallwilarsoe 1
Meisterschwander _
Torfbach 0.38 83 11 59-103 24.0-42.0 2,37 200
Murtenses 0,655
Lz Chandon Td.2 25.8 37.6-46 25 =30 TaT=2,2 [1120=1430
Rividre de Forel .7 4.3 &0 39.5 3,95 2590
Léwenbergbach 88,8 1.2 a7 31 : 3,80 2490
Creifensee—
FrEfTikeroes
Torfrietabfluss 0.58 53 47 24 mg a.T% 2733
Unterwicobach 071 59 41 28 21 3.2 2408
Murhelzbach 0,62 25 71 T ::‘_.,.4} 1.4) Ho9
Seewiesenabfluss | 0.75 100 s] 35 26,5 &?.6] 1978
Aavwiesenabilugs 0.57 a5 15 22 12,06) 2.6} 1470
Jungholabach 0.50 5 % 14 13 Eg.zg 1085
Sehulhausbach G &7 33 23 19.7) T 1903

Fut if the cotchment ares ia 100 % utilized by agriculture the phosphorus loss to be
expected will be approximately 35 kg Pfkm'?.a on the FPlateau and approximately T0 kg P;"kmg-a
in the Prealps, The higher Phosphorus losses from Prealpine 2oils2 are mainly due to the
higher mn-offs bound with more intensive eroalon. :

In the Prealpine areas, the nitrogen losses from surfaces utilized by foreatry
amount to approximately B2 kg karr?-a and the losses from specifically agricultural soils
are about 1634 kg N/kmd.n. As seen in illustration 6, the increase of the surfaces utilized
by agriculture is bound with a more rapid increase of the nitrogen loads in the Prealpine
area then on the Central Plateau (Illustration 5). Consideration should however be given
to the fact that the determinations were effected at different altitudes., Taking separately
the Alptal area (altitude of the area: approximately 1100-1500 m above Bea level) and the



Sarner See area (500-1700 m above sea level), we find that the nitrﬂggn logges from surfaces
utilized Br?cifically by forestry in the Alptal amount to 145 kg N/km“.a, whereas they atiain
300 kg kam-.a in the Sarner Seoe area. The equation for the atraight line of regression
regarding the Sarner See areca only would be

Y = 301.5 + (1547.4 = 301.5) X .

There is a dense scattering of the various walues regarding the measures of nitrogen
losges Trom Central Plateau soille arcund the caleulated straight line of regression. But
it is guite evident that the nitrogen lossas are heavier on the Central Flateau than in the
Prealpine area from surfaces assigned to the same type of wtilization., The heavy etraying
of the values around the straight line of regression may be explained by the fact that the
agrioultursl surfaces on tha Flateauw are of much more heteropgenous componition (farming
of various crops, seeded grassland, natural graseland, pastures) than in the Prealps
(natural grassland and pastures),

Por areas on the Contral Platean, the nitrogen losses from surface utilized specifi-
cally for forestry amount to about 960 kgfkmgp.a., vhereas the nitrogen lossea {rom purely
agricultural surfaces amount to 2100 kg kamzp.a.. The higher nitrogen lossea from forest
surfaces at lower zltitudes are due to & more intensive biological nitrogen conversion,

It may be paid in conclusion that the following average lesses of dissolved nitrogen
and phesphorua compounds are to be expected in purely agriculitural areas:

kg I-Ifkmgp.a. ke P/kmg'_n.a.
Prealpine area 1634 3]
Central Plateau 2100 35

The nutrient leoads of flowing water bodies do not depend seclely on tho dissolved
or soluble nutrients present in the soil of the catchment area, but alse on the specific
run=off:

load = conecentration x rn—off,

n the cther hand, the ccncnntr&tiun.may depend (phosphorus, Illustrations 1, 2 and 3)
or not depend (nitrogen, Illustrations 1 and 4) on the run—off. Hut it is quiie certain
that it clweys dependson the amount of dissolved or soluble mutrients present in the ooil,

In order to eliminate the influence of the different run—offs in the arcas cxamined,
we have, in Illustrations T and 8, shown the concentration in function of the type of soil
utilization. Tt can thus be scen lhat the average nutrient concentrations increase on
the total surface of the catchment area as increases the portion of the area exploited by
agriculture, that the concentrations of dissolwved phosphorus compounds from surfaces
apsigned to the same type of utilization are practically eguivalent on the Flateauw and in
the Prealpina area, and that the nitrogen concentrations on the Platoan are even considarably
higher than in the Prealpine area,

Ify in this case too, we should resort to linear representation to show the dependence
of the concentrations from the portion of the total catchment area assigned to agricultural
use, it might be that the phosphate concentrations of water bodies in surface utilized by
forestry would be neglected in comparison with the thoephalte concentrations in purely agri-
cultural areas,



There are twe reasonsg for the fact that, in spite of the lese intensive use of
phoaphorus fertilizers in ihe Prealps on surfaces assigned to the same type of wtilization,
the phosphoms concenlrations of the receiving walers are oven 8lightly higher in ihis
area than on the Plateaun:

- The phosphorug content of the aoil ie but insigmificantly influenced
by the apolication of fertilizers,

- In prealpine areas, the phosphorus compounds are not only leached
by precolation, but they are also carried away by erosion, This
theory ig confirmed by the fact that, on the Plateau, the phoaphate
concentralions decrease (dilution) as increases the run—off
[Illustr. 2 and 3), whersas in Prealpine areas they, on the conitrary,
show a slight tendency toward increassing {eromion) (Illustration 1).

Since the niirate concentrations are largely dependent on the run—off (I llustrations
1 and &}, the higher concentrationg found in the Plateau streams are nost provably due to
a larger amount of dissolved or soluble nitrogen compounde in the soil resulting from
a more intensive microbic mobilization and from & more intensive use of nitrogen fertilizers.

0.2,3, Lysimeter tests

The amount of lixivisted nutrients can be determined with the help of lysimeters,
The amount of nutrients which im washed out of the zeoil and gets into water bodies ie
generally higher, the lighter (sandier), shallower and richer in nutrient the soil, the
wetter the climate, the more intensive the spplication of fertilizers and the weaker the
growth (root formation) of the planis,

2.3,1, A few results of Swiss lysimeter tosts

Table 10 recapitulates the reaulta of tests effected with a Bandy and loamy soil which
wag poor in humus and showed a neutral reaction., Since the depth of the soil layer in the
lyaimeters used was only about 45 om, the values for run-off and leaching were relatively
high, Tt was found that planiation (of a grass mixture) considerably reduced the run-off,
sgpecially in swmmer, and lowered the lixiviation of nitrogen. The coplous applications
of liquid manure {175 m3/ha p.a.) intensified the growth of the plants, increased transpira-
tion and reduced the Tun—offs, Owing to the copicus applications of nitrogen together
with the liquid manure (315 kg ¥/na p.n, ), the lixiviations of nitregen were gomewhat in—
creasad, though they did not, by far, attain the values determined in the lysimeters with-
out planting and without applications of fertilizers., The higher wvalues ware measured
principally in the course of the second year of the tests, in places where the grass
growth was impeded, The phosphorus losses were slight (approximately 0.4 kgfha pea. ) and
wers influenced neither by the applications of fertilizers, nor by the planting of grass.

Table 11 shows the result of a similar lysimeter test elfTected however with a heaviar
and clayey soil. In this case, the phosphorus losaes were wvery clight and wers below the
determinable limit {ut the time the tect was made}. Owing to the higher water retention
capacity of the soil, the run-offs were lower, Since the prase in the lysimeters with
copious applications of liguid mernure grew richly, the nitrogen leaches, in opite of the
intensity of the manuring (305 kg mfha .. ), wers rather lower than in the lysimeoters
without fertilizers and with grasa and much lower than in the lysimeters without Tertilizers
and without grasa, The yearly curves representing the nitrogen lixiviations in lysimeters
without grass, as well as the curves rapresenting the amounle of precipitation and perco—
lation water and the temperature are shown in Tllustration 13,



Table 10 Lysimeter tests, Oerlikon, Series I 1923 & 1924

Soil: sandy loam, pH = 7.2, 1.29 % hums,
texture: 57 % 50 fum,
Lyasimeter: 50 x 50 x 50" em, system GEERING,

Process a b c
Vegetation 0 ETass FTans
Fertilization commercial fert. mla?/ha 0 0 136
(average of ¢ years) liguid manure ,-"h,:: o} ] 175
Water balance (average of 2 years)
Summer precipitations mm 621 627 627
run—off mm 164 269 203
in % of the precipit. 58 43 32
Winter precipitations mm 405 405 405
run—off an a63 382 354
in % of the precipit. b 94 81
Year precipitationn mm 1032 . 1032 1032
run—off mm T47 651 557
in % of the precipit. 72 63 54
Phosphorus balance
application of fertilizers kg/ha 0 0 20,7
depletion through prass ke/ha 0 9.8 27.9
leaching ke/fha 0,44 0.35% 0.39,
mg/ha 59 54 70
Nitrogen balance
application of fertilizers ke/ha 0 0 315
depletion through grase ke/ha 0 41,0 147.5
leaching kg/ha 11743 16,4 45.3
mg/ ha 15.7 2.5 8.1

The impertance of vegetation as regards the reduction of the nitrogen losses is again
shown clearly in Table 12, During the main growth peried, the lixiviation of nitrogen
is coneiderably slighter in the lysimeters with grass than in the others (stable manmure),
Thie is also shown in Illustration 14.

The lysimeter tests showed repeatedly that considerable amounts of nitropen are
washed out of the lysimeters without application of fertilizers and without praso. This is
partly due to the mobilization of organic nitrogen compounds in the humiz ingredients of the
goil. Tllustration 15 showa how the mobilization of nitrogen is inereased by aoill loosening,



Table 11 Lysimeter tests, Qerlikon, Series IT 1926 & 1927
Soil: clayey loam, pH = 5.6, 1.63 % hums,
texture: TT % 50 pum,
Lysimeter: 50 x 50 x 50° om, system OGEERING,
Process a b o
Vegatation o] grass gTARse
Fertilization commercial fert. ll:gfha 0 0 136
(average of 2 years) Lliquid manure fhﬂ 0 0 148
Water balance (average of 2 years)
Summer precipitations mm T80 780 T80
run—off mm 318 289 138
in % of the procipit. 43 37 18
Winter precipitations mm 404 404 404
run—-off mm 320 300 262
in % of the precipit. 79 T4 65
Toar precipltations mm 1184 1184 1184
run—off men 658 89 400
in % of the precipit, 56 50 34
-Phosphorus balance ‘
application of fertilimers lvcg,-"h,a 0 0 24
depletion through grass kg/ha 0 4.6 24
leaching kg/ha traces traces traces
mg,.l"rl'l,a. traces traces tracesn
Nitrogen balance
application of fertllizers kg/ha, 0 ¥] 365
depletion through grass ke/ha 0 26 156
leaching ' kg/ha 85.8 29,2 23,8
mg/ha 13 5 6




Table 17 Nitrogen leachings and crop losses in the period
between September 10, 1931 and November 1, 1932

Hesulte of lysimeter tests, after GEERING [kgfha}

without :
Test method CTECES Ty whaat
tation
Nitrogen supply in Torm of stable manure Q2.0 G2,0 82.0
until the harvest:
lonses of nitrogen as BH,
through percolslion - 12.1 11.8 12.6
losses of nitrogen as NO3©
through percolation 92,7 15.4 36,5
nitrogen depletion through the crops - 36,7 40,1
total nitrogen losses of the soil 104.58 3.9 ag,z
Hitrogen lesacs through percolation
hefore the main growsh period (7 montha) 0.3 19.5 27.6
Witrogen lomaes through percolalion
during the main growih period
(3 ¥2 months) 4.5 | T.7 | 2.5
Hitrogen losaes through percolation
after the harvest, until the end of
Gctober (3 months) 6.6 54.0 55.1

2.3.2. Discussaion of the lysimeter testas

Fhosphorua and nitrogen are the principal nutrients that are responsible for the
eutrophication of water bodies, The contribvution of agriculture toward eutrophication
congista in

= gommarcial fertilicera
— farm manure
- wastes {silo liquor, harvest reaidues etc.}
= susceplibility to erosion because of the soil gxploitation
and mobilization of mutrients,
There are in principle two ways by which the mutrients are brought into water bodies:

a) by passing through the soil = leaching

b) by passing on the surface of the soil = run-off, erosion,

It is possible, by means of the lysimeter tests, to determine the nutrients that get into
water bodies wia leaching.



Table 13 Phosphorus and nitrogen amounts in the percolaticon water
of lysimeters and in rain-water, in kgfha, average of
the yeara 1953 to 19563 after LOW et al,

Lysimeter
Fallow Grass Clover Hain—water
NOy—N 82,0 a7 7.0 3.1
NH,~N 4.2 0.3 1.4 9.4
P 2.3 0, G T3 1.0

Table 14 Seil content in total phosphorus [mgfkg} in 1959, determined
in the permanent tests at Barnfield; after COOKE et al.

Depth of the Tearly &ppliOation.Gf feitilizers
goil per ha, since 1045
9 35 % 35 t manure 3 kg P
faniTre + 33 kg P
|

0 - 225 G69 1263 1877 1204
225 =300 < 453 600 753 506
00 = 375 425 498 u2 475
1 315 - 450 412 428 474 400

2.3.2.1. Phpaphorus leachings

Bxecept in extreme sandy aoils = which practically do not exist in Switserland -
phosphorus ia wvery firmly fixed in the seoil, so that very small amcunle only are leached
avay. In the lysimeter tests effected in 3witzerland the phosphorus leaching never sur-
passed 0.5 kg P/ha (in spite of the considerable run-offs). The influence of both
manuring and cultivation appeared to be negligible, The phoaphorua losases through
leaching would therefore be lower than the lossea caused by precipitations, According
to the measures effected by LOW et al,, the amount of phosphorus brought into the soil
by precipitations is approximately 1.0 kgfha.

Even an unmanured s0il receives considerable amounts of phesphorus, In Switzerland,
the phosphorua content in a so0il layer of 120 om can be expected to amount to about
41000 = 10000 kg P/ha. The additional amount of 20 — 70 kg ?fha P.&. in form of fertilizers
brought inte the soil in areas of eultivation might seem relatively negligible, We should



not forget however that the phosphorus contained in fertilisers is much more soluble; it is
relatively quickly fixed in the soil and doea not penetrate very deeply into it, In thie
conmection, the results of English teste consisting in applications of fertilizere made over
an extremely long period are most interesting. The data given in table 14 for the phosphor-
us contents found in various depths after manmuring during a period of more than a century
showa that about 90 percent of phosphorus amounts introduced were retained in the upper

22 em of the soll, Similar cbservationa were made by GISIGER in soils under natural meadowa
and orchards and even in heavily over-manured garden soils (Table 15),

It may be concluded therefrom that the soil acte as an efficlent barrier against
rhosphorus losses through leaching, Ewven intensive application of phosphorus fertilizers
hardly increased the losses, It however remains possible that conesiderable amounts of
phosphorua be brought into water bodies through superficial run-offs and eorsion (erosion
of soluble fertilizers shortily after application, erosion of earth from the top layer of
the soil enriched with phosphorus),

Table 15 Distribution of erthophosphoric acid and potash at
various depthe in the scil; after QISIQER

Dapth of the Garden soil Orchard Natural meadow
layer Pa K50 Py K»0 Pals K=20
om tegi mg % tégé e 5 tent me %
0wt 165 22 25 12 21 8
5 — 10 180 20 13 5 3 &
10 - 20 160 12 10 3 8
20 - 30 120 4,5 1 1,5 -2 0,5
30 - 50 20 3,8 not’ - 0,1
50 - Bo 0=z 0,5 determined not determined

2#342.2- Hitroﬂ'ﬂ‘n 1E‘Rchingﬂ

The binding of nitrogen in the soil occurs in many different ways. The major part is
organically bound to humic substances and therefore cannot be washed away, Nitrogen in form
of NH,+ and N0~ is available to the plants and subject to leaching, although NHy™ as
natio& can be absorbed by clay and is therefore much less subject to leaching than Hﬂ3".

Under good conditions of humidity and temperature and under the influence of biological
activity, the transformation of nitrogen in the scil is intense, The organically bound
nitrogen in humic substances and in dead vegetal matter is mobilized (convertsd into ammo—
nium and nitrate) and then assimilated by the plants or else leached away, Nitrate can be
reduced into elementary nitrogen by denitrifizing bacteriam, so that 1t is lost for the
system soil/plant, On the other hand, nitrogen binding badteria, blue—green algae and
fungl can bind the nitrogen contained in air and thue re-circulate it into the system,

In addition, nitrogen compounds contained in the atmosphers are brought intoc the soil by
rain-water or through direct ammonia absorptionm,



The above mentioned prucesses which are not necessarily influenced directly by
agricultural practices should be faken inteo conglderation in the evalustion of the con-
tribution by apriculture toward eutrophication of water bodlem as regards nitrogen. The
regulta of the above mentioned lysimeter iteste can be recapitulated as followst

B)  During the vegetation period, consideimbly less nitrogen is leached
away from frllow land than Crom cultivated soile. The active roots
abaorb the enaily leachable nitrate very rapldly,

b) Even guits heavy nitrogen manuring -~ as well in form of commercial
fertilizers s in form of farm manure — need not reault in considerable
nitrogen leachings, provided that well-balanced manuring {nut aneqsided]
procuraes on dntensive vegetation and that the applicationo of nitrogen
fertilizers are made at pericds when the plants are able to aseimlilate them,

c} The niltropgon loachings under leguminows crops will be considerably
more than those occcurring wnder grass for instance, beczude
o Loarpge cmount of nitropen is mobilized when the roota covered
with nedule baclterdn [niLragan nanimilation} die awoy,.

d4) Hoil lowsening activates nitrogen mobilization which often results
in conaiderably increased nitrogen leachings, owing to the in-
gufficient plant cowver,

It is fortunate that optimal manuring proctices in agriculture (applications made
in proper dooes and al proper intervals) are also optimal as regards the nutrient load
imposed on water bodies,  When we sepoak of optimal manuring practices; we mean in the
firat place that the doses should be adpoted to the nasimilation capacity of the cropa
and that, especinlly as regnrde nitrogen, the applications should never ba made maseiwely,
but by deprees and in geveral portiona.  Nitrogen applications should never be made
shortly beforc the vopetation paveo in winter and each application should be carefully
dosed in consideration of the depth of the soil laoyer, The risk of leachinge is very
great in ehallow soila, t is surely not in the inter=at of spericulture that a part of
the nitrogen fertilizers e lesched awny instead of benefiting the crops, In the evaluatlon
of the sontribution by agriculture ftownrd the eutrophication el water bodies, ap regardse
nitrogen, the amounts of nitrogen per ha which are broughi into the soil by precipitationa
phould not be neglected.  According to mensures effocted, they vary botweon 5 and 28 kg
tha and the sverape value would be approximately 20 ke, Thie lies in the scopo of
nitromen looses due to percolation in arens of intensive cultivation {10 - 40 kgfhaj. Tha
nitrogen loszes due Lo run—ofll and erosion should be added to the abowve walue, for they
aleo contribuie fo the mutrient losd imposcd on woter bodies, though they coannot be de=—
termined by meana of the lysimeter ieats,

C,3. Delative share of the agricultural contribution in the total
nutrient load imposed on come Swiss lakes, and the conberquences
that result therefrom

The percontunl share of apgriculture in the total nutrient load of lnkes is influenced
not only by elimatic and topographical conditions, but alesoy, to a wvery large mensure, by
the density of population and the type of arricultural utilization practised in the catch—
ment ares,

It can be sean in Table 16 and I1lustration 9 that, at aversme pomilation densities of
50 to 150 inhabitants per km-?, the share of the nitrogen introduced via waste water is
under 15 percent, whereng the cherse of the phosphorus introduced via waste water amounts to
50 = T% percent of the total nutrient leoad., The remaining 2% - %0 percent as regards



phosphorue and £5 percent as regards nitrogen are, for the major part, leached or erocded
from cultivated and natural soils, :

The nitrogen losses from soils utilized by agriculture are approximately 1 630 kg
kam?p.a-_in_thﬂ Froalplne area and 2 500 kg—ﬁfkm Tedy on the Gentral Plateau, » The corres-
ponding phosphorus losses are approximately 70 kg P;"km2 Pee In the Prealpine ares and
35 kg F/kn®p.a. on the Plateau, In percentage of the annual amounts of commercial ferti-
lizers brought into the soil; the losses amount to about 16 — 25 percent as regards nitrogen
and 0,7 - 1.4 percent a8 regamla phosphorus.

This data and the fact that a relatively small part of the phosphorus, but a con—-
giderable part of the nitrogen introduced into the lakes, come from seils in the catchment
area, should not mislead us into giving more importance fo the nitrogen-lead contributed
by agriculture than to the phosphorus load of the same origin.

The troublesome artificial eutrophication is not an economical,but a limmonlogical
problem based on the laws discovered by LIEBIG and MITSCHERLICH.

Alganr, provided theilr growth is well=balanced, assimilate nitrogen and phosphorus in
the weight ratio of 7 ¢ 1, The N : P ratic of Flowing waters waries regionally. It ias
approximately 30 in the Prealpine area and 80 on the Plateau, In both types of water bodies
it is considerably more than T : 1. This means that the growth of algse in such brooks
and rivers is limited by the phosphorus supply. '

Thanks 4o their relatively high phosphorus content (50 percent of the phosphorus com=
pounds come from detergents), the N : P ratio of waste waters izsquite low, namely about
4 ¢ 1. According to what was said previously, the growth of the agquatic plants would be,
in this case, limited by *the nitrogen supply.

Table 16 Share of waste waters in the total nutrient lead of some Swisa lakes

Catchment area density of phom-= nitro—

L e pt;r;mhf.?;iém ph%ma g;;n Reference
Lake of Furich B6 53 24 THOHAS eit.
Lake of Zurich &7 33 HAWAT cdt.
Lake of Morat 89 L & BAWAG
Lake of Hallwil 125 50 5 ANMBUEHL
Alpine Rhine Stream g Bi-G6 26 TOLLENWE ITRR
Lake of Mugzzano - 1000 95 80 VOLLENHE ITER
Lake of Muzzano 98 87 EAWAG
Inkwiler See 70 65 22 EAWAG
Greifensea 430 T4 38 FLEISCH
Mauensea 35 ) 15 EAHAG




In Illustration 10, we made an evaluation of the N : P ratio in the receiving water
in function of the density of population and the type of land wtilization in the catchment
area, for regions in the Prealps and on the Plateau, The estimations were based on the
puppoBition that the waste waters were discharged into the receiving water without previoua
pirification, In the case of waste waters previously treated in a mechano=biclogical plant
with roughly the same elimination rates for both phosphorus and nitrogen compounds, the
curves would cut the 7 1 1 limit at even higher population densities. Since the slgme
growth in lakes is limited chiefly by the phosphorus supply, effortis are being made in
Switzerland to remove additional phosphorus compounds from waste waters by subjecting them
to tertiary purification, The elimination rate of such plante being 50 percent for
nitrogen and 90 percent for phosphorus compounds, the N : P ratic in the effluent would
incresse up to approximately 20 : 1, Accordingly, the N : P ratio in the receiving water
would never again fall below 20 : 1, It should morecover be noted that phosphorus compounda,
particular 1y under aerobic conditions, are retained in the sediments of lakes 10 a larger
axtent than nitrosen compounds, so that N ¢ P ratio in the lakes would shift even more to
the advantagze of nitrogen., We thersfore, though by different course, come to the same
gonclusion as VOLLENWGSIDER, namely that, under Swiss conditions and at an average population
density of about 150 inhabitants per K (concentrated principally on the Plateau), the
minimal growth substance in lakes is really phesphorus and not nitrogen, Direct confirmation
of this affirmation was found in the results of analyses effected at the Lake of Lucerna,
This means that, although the nitrogen losses of the seoil may be quite confiderable from the
soonomical point of view, it is the less considerable phosphorus losees of the =o0il that
provide the major comtribution toward eutrophication of water bodies, In connection with
the problem of eutrophication, more importance should therefore be given to the phosphorus
losees than to the nitrogen losses,

VOLLENIEIDER endeavoured to draw the limite between oligotrophic, mesotrophic and
entrophic lakes, The average depth (volume/surface of the lake) and the specific charge
of the lake in bioactive phosphorus compounds (imtroduction/surface) were taken into con-
gideration in thess investigations, The data regarding the charge limite is shown in
IMlustration 11.

The phosphorus supply inte a lake (Ps) is proportional to the surface of the catchment
area (Sp) and the phosphorus export specifiec per surface unit {PE].

Pg = 5g = Pg (1)
The "environmental factor" (fg) is a notion introduced in limnology by CHLE, It

indicates how many times the surface of the lake (5;) is contained in the surface of the
catchment area (5g).

R i (2)
51,

By dividing the equation (1) by the surface of the lake (8;,) we obtain the specific
rhoaphorus load of the lake (j as influenced by f, and Py

= fE L PE {3 }

] e?

In I'llustration 12, the tolerable phosphorns export specific per surface unit from the
catchment area, as influenced by the averaze depth of the lake im noted for various f,.
This data was set up in consideration of the charge limits fixed by VOLLENWETIER., According
to VOLLENWGINER, the phosphorus export from the catchment area in amcunts liable to harm
the lake iz twice as mmch as the tolersble export,



In Table 17 the snvironmental factors, the average depth, as well as the tolerable
and harmful phosphorus exports epecific per surface unit from the catchment area, are
indicated for a number of Swiss lekes:

Table 17

Average Phespherus export from
depth the catchment area

Ty m tolerable harmful

up to over

kg P/km?sa, kg P/kn?ea,

Lake of Aegeri Tad 45 34 &8
Lake of Constance 20.1 100 20 40
Leke of Briens 381 174 15 30
Laks of Ceneva 13.6 154 38 76
Oreifensae 19,4 19 T 14
Lale of Morat 25.6 ez & 12
Lake of Pfaffikon 12,1 19 12 24
Lake of Lucerns 19,0 104 20 40

Comparison of this daia with the expected phosphorus lomses of the soil (illustrations
€ & 7) shows that the tolerable amount of phosphorus exports in the major part of the
lakes has already been attained or surpaseed through the introductions from thiz eource
alone,

We however know that the phosphorus losses of the soil are only a part of the total
phosphorus charge impomed on the lake, If we count 3 g P per capita and day, we obtain
the following additional charge contributed by waste waters, as influenced by the denaity
of the population (kg P/km? p.a,):

Table 18
Population Phosphorus elimination throught
denaity
inh, /] tem? machano-biological
purification additional treatment
30 % 85 % % %
10 v Tl 1,65 0.55
50 i8.5 8,25 2.75
'I'DG TT; 0] 1 6 » 5 5 L] 5
200 154.0 33.0 1.0




If the waste waters are subjected to mechano-biological purification only, it must
be reckonsd that the noxilous limit will be surpaseed in most of the lakes, even, though
the population density may be as low as 50 inh, /kmZ,

Generally speaking, the possibility of maintaining lakes in their oligotrophic state
or of restoring them to their oligotrophic state in areas where the population density is
higher than 50 inh. per km® is only given if the rate of phosphorus elimination from waste
waters surpasses 85 percent. In areas where the density of population is higher than
100 inh./km?, even the phosphorus elimination rate of 95 percent will, most often, not
bring good results, unless additional measures are applied in view of a further reduction
of the phosphorus losBses from agricultural soilas,

C.4. Coneumption and application of fertilizers

The amounte of fertiliszers recommended for application in Swiss agriculture are shown
in Table 19. The data is taken from the Swiss Directives for Use of Fertilizers, set up
by the Swiss Agricultural Research Institutes and published by the Swiss Association of
Agricultural Advisors, in 1966, The nitrogen amounts are intended for socils having a
medium humuie content (2-5 %); the phosphorus amounts are intended for soils with, as well
a8 without sufficlent supply: ’

Table 19 Amounte of fertilizers recommended in case no farm manure
is added. HRecommended doses per ha and p,a.

P (P205) .
N sufficient insufTicient
supply Bupply

Parmanent grassland
[Plat&aug 40— 80 15-52 {BD—TEQH 0-26 (0-60)
Temporary grassland 4p- 80 35-52  (Bo-120Y) o-35 (0-80)
Potatoes Bo-120 26-35 (60— 80) 0-26 (0-60)
Sugar beet 80-120 15-44 (Bo-100) 0-35 (0-80)
Cereals 0=100 17-26 (404 60) 0-17 (0-40)
Peas 0 17-35 (40~ 80) 0-17 (0-40)
Tobacco 40- 80 26-40 (60 -90) D-26 (0=60)
Meize for ensilage 140-180 30-40  (70-100) 0-30 (0-70)
Grain-maize 120-160 26-40 (60-100) 0-26 (0-60)




£,5, Possible agriculturzl msasures to reduce the pupply of
nutrients into water bodies

From what has been said previously wa now know that the eutrgphication of our lekes
and rivers is caused in the first place by phosphate compounds. We ghould therefore
primarily tend toward reducing the supply of phesphorus into lakes,

As shown by the results of lysimeter tests, applications of phosphorus fertilizera
appear to have but an insignificant influence on phosphorus leaching. Navartheless, various
observations show that the concentration of dissolved phosphorus compounds increases
(Illustration 1) with the veloecity of flow, 'Thia is due to erosion of the top layer of
soile treated with soluble phosphorus, The following technical measures can help to reduce
the phoaphorus load imposed on water bodiess

— Prevention of losees dus to erosion by putting plants to grow
on the particular piece of ground., Fallow pericds in crop
farming can be avoided by intermediate cultures of fodder plants
or by green manuring,

- Afforesting of all steep and easily ercdable aress, particularly
in the Alps,

- Avoidance of overgrazing of pastures in order to maintain the
turf which protects the ground againat erosion,

- The apreading of fertilizers on pastures from airplanes is not
recommended, in areas where there is any chance of gteep and eanily
erodable ground being included,

- Orop farming should not be practised on steep sltes,

- Particular attention should be given to protection againet ercsion
in intensive culture (for exemple in viticulture). Mulching,
with compost for instance, or green manuring are recommended, All
applications of fortilizera should be reduced toc a reasonable
messure, and the fertilizers should be ploughed into soil or sprayed.

~ HNo applications of fertilizers ghould be made on wet or froszen soils,

The following administrative and regulative measures are morecver recommendedt

- Trailning and advising of agricultural populations with a view to increasing
their comprehension of environmental problems.

- Setting up of cultiwvation and manuring programmes in connection
with regional planning,

- Adjustment of the subwvention policy to the interesis of water
protegtion,

= SBetting up of limite of tolerance For phosphorus concentrations
in water [lowing from asriculturasl areas.

- Bupervision of liguid menure pits and of installations for collecting
dung and sile liquor as repards their impermeability,

= All authoriszationa granted for livestock raising on an industrial scale
should be accompanied by special prescriptions regarding the size
of the liguid manura pits and the guarantesing of a market for the
liquid manure,



0.6, Pinal considerations about phosphorus and other plant nutrients economy

The discovery of LIEBI} and other leading plant physilologiste had given fartilizer
production unexpected impetus, It was hoped that the weighty task of feeding a conetantly
increasing world population could be solved thanks te artificial fertilizers, However,
these soaring hopes were soon dashed; doubt, dieappointiment and finally resignation set in,
for the shortcomings of artificial fertilizers had become painfully apparent. Apriculiural
sxperts had failed to pay sufficient heed to one cardinal rule, that im, that a well=-balanced
gquantitative ratic between the various elements in the poil and the percentage of organic
matter had to be meintained lest the initislly obtained-increase in crop yield slow down
and finglly ewven regrasd,

Among gardeners and farmers a movement for the application of biological farming
methods was started; these circles came oui against the excessive use of artificial
fertilizers, This recognition gradually spread to consumers, wholesalers and finally
vegetable Tarmers. At the same time, a vegetarian trend became felt, a development which
pgricultural producers were obliged to heed and cater to.

The proponents of biclogical farming methods forwarded guidelines for gcientifically
gound soil cultivation and fertilisation; prime importance is given to the optimum com—
position of the =o0il's biocenceis, Bioclogical farming methods are often doubted and even
viewsd with suspicion, however, indications make it more and more clear that there is much
to be learnt from bioclogical fertilization. The improvements obtained through biological
farming cannot eimply be shrugeed off,

tnother theory on the Tertilization of plant cultures has now been evolved to
complement LIEEIG's practically uncentested law of the requisites minimum amount of ferti-
liger to be used. This new theory sets a ceiling to fertilizer application and ohows that
exceasive amounts lead to a rapid drop in crop yileld as well as gualitative and: quantitative
damage to planta,

VOISIN and PH. MATILE, a plant physiolegist from the Swiss Federal Inastitute of
Technology, warned against the one-sided use of artificial fertilizer. I% can therefore
be expected that artificial fertilizer production and the use of phosphorus and nitrogen
salts will in future lose in importance, For water pollution control, this will certainly
be a welcome development.

In this report summarizing the recommendations made at the Workshop on Global Ecologi-
cal Problema held in Madison in June 1971, PFrof, D.H. HASLER stressed the importance of
redusing world phosphorus consumpticn, which is mainly centersd around fertilizera, In
view of the fact that the rapidly increasing worldpopilation will reguire mere food, thus
placing a greater stresa on fertilizer production,all available sources muet he huehandad
with great care, These mineral salts, which in rain washes out of fartilized goil and
which act as a suirophizing agent in surface and ground water, are taken to the mea whers
they are precipitated and consequently lost to mankind,

A.D, HASLER furthermore suggested that phosphorus be recycled by wastewater precipi-
tation oo that this waluable raw material is not squandered.

The participants at the workshop alse caleulated that the dwindling phosphorus supply
will be depleted in less than 100 years, Phosphorus=bearing rock is an excellent zource
of thig elament and mist therefore be protected against irresponsible exploitation,

It must be borne in mind that phosphorus, nitrogen and other mineral salis will be
needed for the production of symthetic detergents and fertiliszers for many, many years to
COme.
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The curves were calculated on the following bases:

phosphorus loszses
wazste waters of the soil

phasphorus 3g Pfcapita . day 40 kg P/knc.a.
nitrogen 12g N/capita - day 1400 kg N/km2p.a.
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EUTROPHICATION OF INLAND WATERS WITH SPECIAL REFERENCE
TO THE INFLUENCE OF AGRICULTURAL PRACTICES, INCLUDING
THE USE OF FERTILIZERS

D.J. Halliday

ICI Agricultural Division, Planning and Co-ordination Department

There has been increasing public concern in recent years as to whether the present
generation may be failing in its duty to posterity through excessive and perhaps irreversi-
ble pollution of the environment, particularly through the increasing industrialization and
urbanization of human society, This concern has been exploited by journalists, and others,
who have gained publicity by exaggerated and ermmotional presentation of half-truths. In
this context fertilizers have sometimes been mentioned as a contributory cause of con-
tamination of natural waters. The aim of the present paper is to give as balanced a view
as possible of the facts as they are known today, bascd mainly on experience from
MNorthern Europe.

It must be stressed at the outaet that the amount of verifiable scientific inferrmation on
this subject is limited and that continuing research is needed, involving multi-disciplinary
collaboration between agriculturists, soil seientists, water authorities, analytical chemists
and economists on the one hand, and environmentalists, ccologists and social scientists on
the other.

There are two distinct aspects of the subject which it is desirable to consider separa-
tely: the first, which may be described under the general heading of "eutrophication', and
the second, the chemical composition of surface and ground waters, with particular refer—
ence Lo household water supplies.

The term"eutrophication' refers to the enrichment of waters by nutrients which can
directly fertilize the growth of aguatic plants and algae, This is a natural and beneficial
process which occurs principally in lakes and impounded waters. A newly formed lake
begins as a body of clear, nearly asterile water. Gradually streams from its surroundings
bring in nutrient substances and the increasing fertility gives rise to an accumulating
growth of aquatic organisms, Without nutrients there would be no aquatic life. With an
excess of nutrients, or other imbalance in the ecological system, there can arise an ex-
cessive growth, or "bloom", of algae and of higher plants. This, if followed by a period
of decay during which decomposing vegetable matter removes oxygen from the water at
a rate faster than it can' be reabsorbed, can causc unpleasant tastes and odours, death of
fish and reduction in water quality, sometimes to the exlent of rendering it unfit for re-
creational purposes and public water supply © Certain algae may also themselves produce
toxins,

The process of eutrophication has, 1n many areas, been accelerated by the intervention
of man, as a result of both agricultural and industrial activitica but also very largely
through the rapid growth in human population. It is important to distinguish betwecen



eutrophication and direct pollution, the latter term being understood to refer to the discharge
of toxic materials or these requiring excesasive quantities of oxygen for their decomposition.
It is important alse to appreciate that the conditions for the development of algal growth

are still not fully understood and that nutrient supply ie not alwaye the dominant facter.
“Although, for example, 0.0]1 mg/litre tends to be regarded as the critical level for phos-
phorus, many lakes with less phosphorus have "bloomed" and others with much more have
not.

Morcover, some sources of nutrients exist independently of man's activities. Examples
are nitrogen in rain; aymbiotic fixation of atmospheric nitrogen by micro-organiams asso-
ciated with the root nodules of leguminous plants and certain non-leguminous specica: non-
symbiotic fixation of nitrogen by freeliving soil bacteria and blue-green algae; and the re-
lease of nutrientas by plant decomposition and the breakdown of organic matter in soil,
which find their wavy into watercourses by downward leaching through the soil or by run-
off or erosion. Nitrogen from these sources in lakes and rivers, except in hard rock and
highland areas, is often well above the eencrally accepted critical level for algal growth
of 0.3 mg/litre.

Apriculture contributes to eulrophication mainly through the effects of cultivation and
cropping palterns on the above processes, but also through the effects of livestock hus-
bandry and to a relatively small extent through the addition of nutrients to the soil in ferti-
lizers and manures.

Lysimeters sct up al Rothamsted Experiment al Station in 1870 showed that drainage
from uncropped, weed=[ree soil, not receiving any fertilizer, removed an average of 35
kg N/ha from 1878 to 1905, of which anly 5 = 6 kg N/ha fell in rain; in 1919 the drainage
loss waa atill averaging 23 kg NO_-N/ha annually. During the earlier pericd the drainage
water contained on average 9.8 mg NO_-N/litre, ranging from 7.9 mg in February to 12
rmg in September; in 1969 (the ]‘lundl‘ﬁd[%ﬁ vear these fallowed soils were leached) the drain-
age between April and November contained on average 5 mg NO -N/litre. Drainage from
the classical Broadbalk continuous wheat experiment at Rothamsted during 1866 1o 1873
contained an average of 4 = 5 mg NO ~N/litre from unmanured plots and 12 mg/litre from
plots receiving farmyard manure (35 tons/ha).

Figure 1, which ia due lo Dr, MNils Brink, shows in a simplificd form the gaina and
logaea of nitrogen in Swediah agriculture, which may be regarded as a characterisatic
pattern for a developed country. The significant feature in this diagram is that the amount
of nitrogen going into natural waters was about 40,000 tons annually from sewage effluent
and digested sludge but only 6,400 tons by leaching from the soil, to which 150,000 tons
annually were applied as fertilizers and 135,000 tons in farmyard manure and other animal
excreta. Dr. Brink's figures for phosphate similarly showed about 8,000 tons P UE’ annual=-
ly going inlo natural waters from sewage disposal but only 700 tons from the soif. to which
115,000 tonsg annually were applied as fertilizers and 28, 500 tons in farmyard manure etc,
These fipurcs apply to conditions of temperate agriculture where fertilizers were used at
rates supplying around 50 kg N and 35 kg P?GE per hectare of agricultural land,

Crop husbandry

Loases of nutrients from the soil to saurface and ground waters arise from crosion,
run-off, drainage (i.e. outflow through ficld drains etc.}, and downward percolation to
deeper layers. Losaes by crosion can be minimized by the adoption of recommended soil
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consérvalion practices. In areas with moderate rainfall, run-off water from well-farmed
land is usually low in nutrients; though heavy rain on sloping land, shortly after applica-
tion of farmyard manure or fertilizers, can sometimes cause quite serious losses by run-
off. Extensive studies have been made of losses of nutrients in drainage water. In general,
leaching is less from heavy soils than from light, permeable soils and depends on weather
conditions, particularly the timing and quantity of rainfall. An important factor is the abi-
lity of the roots of growing crops to take up soluble nutrients in the soil as they become
available from mineralization of soil's reserves or from fertilizers and manures. Losses
of nutrients by leaching are greatest from freshly—tilled, unceropped soils and least [rom
permanent grassland. Leaching losses from soils under closely planted crops with exten-
givée rool systems arce less than those from soils under grapevines or fruit crops with
relatively little root growth, or under widely spaced crops with inter-row cultivation.

For the same reason, losses tend to be less under autumn-sown cereals than under spring-
SOWN Crops. :

The correct timing of fertilizer application to tillage crops is obviously an important
consideration, as too early application will result in quantities of soluble nutrients being
at risk in the soil for an unnecessarily long time, unless the c¢limatic conditions are auch
that leaching is unlikely during this period, It is fortunate that correct application of furti-
lizers in respect of quantity, method and timing is in the best economic interest of the
farmers as well as minimizing the propertion of applied nutrients lost by leaching,

In the case of nitrogen, the growing of legumineus crops such as peas, beans and
clovers can result in more nitrogen becoming available for leaching, and losses can be

particularly high, for cxample, shortly after ploughing-in a clover-rich sward.

Quantitative Data on Leaching of Nitrogen and Phosphate

from Acvricultural Land

A carmprehensive review of UK information on lossces of nitrogen and phosphate from
apricultural land was given by Cooke and Willilams at'the Symposium on Futrophication
held by the Society for Water Treatment and Examination in London, March 1970, Parti-
cular reference was made 1o studies of nitrates in ficld drainage alt Rothamsted, Woburn
and Saxmundham and to lysimeler experiments at Rothamsted and at Craibsione, near
Aberdeen. They concluded that drainage from well-farmed arable land in England will
contain on average 10 mpg NO_-N per litre; leaching of N from the decay of roots and plant
residues is greatest during winter, but extra nitrate is liable to appear in drainage during
wet periods in spring if fertilizer nitrogen is applied before crops are sufficiently devel-
oped 1o take it up. Light land loses nitrate to give drainage with larger and more constant
nitrate concontrations during the year than heavy land. Loss of nitrate in drainage from
productive land cannot be provented, however, because more nitrogen will be mineralized
from soil reserves and crop residucs by microbial action than arable crops can take up at
some times of the year. They also noted that during wet periods in summer some nitrate
may occur in drainage from grazcd grassland because the larger concentrations of nitrogen
in urine palches may exceed the capacity of the soil and crop to absorb it.

Cooke and Williams observed that soluble phosphate fertilizers are leached down seil
profiles in podzols developed from Dagshot Beds containing only 1-2% clay; phosphorus
from 20 successieve years of heavy dressings d farmyard manure has penctrated into the
subsoil of light land at Woburn; no other examples have been found of soluble phosphates
penetrating deeply enough in arable soila to reach drainage systems, but some may



penetrate over a period of years on permanent grass. Drainage from arable Chalky Boulder
Clay sail averaged 0.07 mg P/1, and from Greensand soil in Bedfordshire 0,17 mg P/1.
Dceasionally higher concentrations have been recorded, probably from contamination by
animal excreta, but were never associated with fertilizer applications.

A paper was presented at the same Symposium by Tomlinsan of Jealott's Hill Kesearch
Station, on trends in nitrate concentrations in English rivers and in fertilizer uae. In mast
of the 17 rivers studied during the period 1953 to 1967 nitrate concentrations did not increa-
ge significantly despite the aubstantial increase in fertilizer use, Ewven in those cases where
significant increases occurred the increases were not dramatic. Correlations could not
usually be drawn between nitrogenous fertilizer use and the nitrate content of the rivers
and the author suggested that this is because most of the nitrate leached from the soil comes
from the large reserves of soil N and not directly from added fertilizers,

A paper by Armitape, also of Jealolt's Hill Reaearch Station, was presented at a
Symposium on Pollution Control organized by the Chemistry Department of the University
of Manchester Institute of Science and Technology in January 1971, in which emphasis was
placed on the experimental work at Jealott's Hill and elsewhere in the UK, using lysimeters
to investigate losses of nutrients by field drainage and the effects of fertilizers on the level
of nitrate in river water. Mention was made of the studies by Low and Armitage (Plant &
Soil 1970, 33,-393-411) in which the drainage from fallow, clover- and grasscropped lysi-
meters over a 4];»;4—}?:_-11' period, not receiving any nitrogenous fertilizer, averaged res-
pectively 118, 46 and 3 kg N/ha/vear. These experiments have been extended in 1971 tao
include all-grass swards receiving increasing levels of nitrogen up to approximately 675
kg N/ha/year.

A bibliography on loss of nitrogen fertilizer by leaching was published by the Common-
wealth Hurean of Seils in May 1971 (Serial No. 1458). Earlier biblingraphies related to
movement of soil and fertilizer nitrogen in soil (No. 9200, N and P losses from soil by
leaching and erasion (No, 1089), chemical cmnpnsitiﬁn of drainage and proundwater (Mo,
1195}, and rate of nutrient cycling in ecosystems (Mos. 683 and 1199},

Lysimeter studies at Rs, Morway, 1938-43, were reported by @delien and Vidme
(Meld. Norg. Landbr. Hfusk 1945, 25. 273-362). Lysimeters cropped with potatoes
received approximately 59 kg fertilizer N per hectare annually or double that amount in
alternate years. About two-thirds of the applied fertiliver ™M was recovered in the crop.
Owver a 5-7 year period the leaching of applied fertilizer N amounted to 5% and 0. 3% Tes-
peclively. The proportion that was not recovered either in the crop or in the drainage
water, and therefore remained in the sail organic matter or was lost to the atmosphere,
amounted ta 29 to 35%.

Lysimeter studies at the State Experimental Station at Askov, Denmark, were des—
cribed by Kofoed and Lindhard (Tidsskr. Planteavl., 1968, 72, 417-437), Grass—cropped
lysimeters received calcium nitrate annually at rates which averaged 183 kg N per hec—
tare per year over a Y-year period. Total N leached during this pericd, which included
M from the soil reserves and from precipitation, fixation by micro-organisms ete, as
well as fertilizer N, amounted to between 5 and 10 kg N/ha/year on 5 soils, This compared
with uptake by the crop of 120 to 190 kg N/ha/year. Higher leaching losses averaging 31
to 43 kg N/ha/year were observed on 4 other soils, associated particularly with crop
failure in some seasons on the high-moor peat and sandy seils. A reference was also
made to earlier lysimeter studies in Denmark conducted by Iversen (Tidsskr. Planteavl.




1943, 47, 66-69). It is noteworthy that analysis of samples of drainage water from various
parts of Denmark in 1969 showed an average annual loss of nitrogen by leaching from the
predominantly sandy soils of Jutland of about 20 kg NO_-N per hectare, wvirtually the same

: : . - . o]
armount a8 had been obgerved in studies at Askov and a neighbouring farm, Jejlundgard,
some 45 years earlier (Tidsskr. Planteavl. 34, 755}, deaspite the fact that Danish agricul-
tural production had multiplied several-fold during the intervening period and the average
rate of use of fertilizer nitrogen had increased from about 5 kg to over B0 kg N per hectare,

Balance sheets drawn up by Lindhard (Tiddskr. for LandSkanomi 1970, No.2, 64-76;
1971, Ne. 3, 237-253) for the whole of Denmark indicate that the total of leaching loss of
nitragen from Danish soils in 1966 amounted to 54,000 tons N, comprising 27,000 tona
in the drainage water and 27,000 tons downward percolation, compared with 192,000 tons
M applied in fertilizers and 198, 000 tons N in animal manures. Corresponding figures for
the phosphorus balance in 1968 showed only 1,000 tons P leached, compared with 52, 000
tone applied in fertilizers and another 52,000 tons in animal manures. The two balance
aheets are aummarized below:

Nitrogen balance for Danish soils, 1966 {thousand tons N

Additions Removals

Fertilizers 192 Harvested crops 336
Animal manures 198 Ammonia loss 4
Seed 5 Denitrification loss 46

Micro-organisms 100 Leaching laossea:
Drainage 27
Precipitation 45 Fercolation 27
540 440
Balance fixed in aoil 100

Phosphorus balance for Danish soils, 1968 (thousand tone P)

Additiona Bemovale
Fertilizera 52 Harvested crops 50
Animal manures 52 Leaching loss 1
Seed 1
Burnt straw 3
108 51
Balance fixed in soil 57

Leaching losses thus amounted to approximately 10 percent of all additions of N to the
soil and 1 percent of all additions of P,

Christensen (Hedeselgkabeta Tidaskr 1970, No. 3, 50-A0) has pointed out that, although
the surface and drainage water always contains nitrate, the ground water in Denmark con—
tains practically no nitrate. This must be due to reduction of nitrate as the water




percolates downwarda through the soil.

Writing in Vixt-Nirings-Nytt 1966, 22 (3), 1-9, Professor S.L. Jansson of the
Royal Agricultural College of Sweden estimated that in general 70% of fertilizer N
applied to a cereal crop is taken up by the crop (35% in the grain, 17% in the straw and
18% in plant residues in the soil), 25% is absorbed in the soil organic matter and only
a fairly small proportion, around 5% is loat by leaching, denitrification and evaporation.

Analysis of drainwater from cultivated soils in various parts of Sweden by Professor
L. Wiklander showed an average of 8.5 mg N and 0.019 mg P per litre in drainage from
goile in Skgne. the most heavily fertilized region, compared with an average of 1.1 mg N
and 0.022 mg P per litre in drainage from soils in MNorrbotten, one of the least fertilized
districts. (Grundf&rbittring, 1970, No. 23, 117-141). Fertilizer use in 1968/69 averaged
106 kg M, 76 kg PZO s B2 kg KZO per hectare in Skane and 24 kg M, 28 kg FZDE' 30 kg
KZD per hectare in Nsorrbntten.

Several articles on the subject of eutrophication and water quality in relation to ferti-
lizer use were recently published in the Dutch journal Stikstof October 1971, Vol. 6, No. 69,
Kolenbrander showed that the annual contribution of rural and urban areas to eutrophica-
tion in the Netherlands averaged 54 kg N and 16.8 kg P_O_ per hectare of utilized agri-
cultural land, of which 32 kg N and 0.6 kg P_O_ came via the soil and the remainder from
sewage and kitchen wastes. In an earlier paper Kolenbrander (Neth., J. Apgric, Res. 1969,
17, 246-255) indicated the annual leaching loss of nitrogen from arable and grassland in
the Netherlands, when drainage was 350 mm/year, to be 58 and 13 kg N/ha reaspectively,
made up as follows:

N leached (kg I\'r.-"rha}

From arable land From grassland
Soil 41 7
Fertilizer 12 {out of 90 applied) 2 (out of 200 applied)
Animal manure 5 {out of 100 applied) 4 (aut of 100 applied)
Total 58 13

The amount of fertilizer N that was leached averaged 4 percent for the country as a whole,
Elp"'lz.percent for clay soils and § percent for sandy aoila.

Results of the long-term lysimeter studies conducted for many years at the BASF
Limburgerhof Experimental Station and of other experiments in the German Federal
Republic have been described by Dr.J. Jung whose general conclusion is that under field
conditions leaching lesses of applied fertilizer nitrogen would not on average exceed
about 5 percent.

Benefites from Fertilizer Use

It is hardly necessary, in view of the predominant position attached to fertilizers as
an agricultural input in FAO's Indicative World Plan for Agricultural Development, to
draw attention to the major role played by fertilizers in increasing world food supplies
and in lowering the unit cost of production. There is perhaps, however, some advantage



to be gained by considering certain other less obvious benefits arising from fertilizer use.
By increasing yvields of tillage crops per hectare, for example, fertilizer use enables a
given level of production to be achieved from a reduced area under tillage, thus reducing
the losa of plant nutrients by natural causes. Particularly on grassland, but also on tillage
cropa, the use of fertilizers results in an increased contribution from plant roots and
crop residues to the organic matter content of the soil, thua maintaining and improving
the level of soil fertility (see, for example, a literature review on this aubject by D. T,
Halliday in Jealoti's Hill Research Station Bulletin Mo. 8, January 1950). Another inter-
egting aspect, for which the author is indebted to hia Belgian colleague in the Centre
d'Etude de 1'Azote, Mr. J. Burnotte, is the increased conversion of atmospheric CO_ to
oxygen as a result of the increased photosynthetic activity through increased plant growth.
In Belgium, for example, it has been estimated that a virtual doubling of nitregen and
phosphate use, coupled with a rather small increase in the use of potash, over an interwval
of 15 years has resulted in the production of oxygen sufficient for an extra 3 million people
and an equivalent diminuition in atmeospheric carbon dicxide.

Conclusion

The present paper has indicated that the contribution of nutrienta from fertilizers
applied to apricultural land to inland waters and rivers i3 penerally small in relatively
heavily-populated developed countries in relation to the contribution from sewape effluents
from urban arcas. The contribution is smaller from grassland than from land under tillage
crops and is smaller from heavier than from lighter soils. It can be minimized by apply-
ing fertilizera correctly at the right time and in the right quantity. In this respect farmer’s
and environmentalists' intereats coincide. Against this small negative effect of fertilizers
must be set the very real benefits of fertilizer use, both direct and indirect. Moreover,
the increase in the nutrient content of waters which resulta from the use of fertilizers on
agricultural land is rarley a critical factor in eutrophication, in the narrower sense af
"blooms'" of algae, except occasionally in hard rock and highland areaa. The factors in-
fluencing these "blooms" are still not fully understood and require further study.
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Where people live and work, wastes are gensrated in a solid, liquid and gaseous form,
To keep our environment healthy and enjoyable, thees wastes must be disposed of in such a
Way that they are not objectionable from an aesthetic or hygienic point of view, or
cause immissions, or harm the health and life of mankind in any way.

To provide adequate refuse removal, the cities established a collection service, and
the industry provided more hygienic and mora afficient collection vehiclee which are still
improved, A questionnaire elaborated lately revealed that in practically all European
ocountriss the duty to diepoee of solid, liquid and sludgy wastes in a non-objectionable
way rasts with the communities and industries,

1. How to tackle the solid wastes problem

The duty to protect our habitat involves the following particular and inevitablas
maasures: the protection and, where necessary, the purification of ocur waters by
treating the eewage from residential arcas and industries before it is discharged into
8 raceiving water body; the elimination of solid wastes, l.e. domestic refuse, street
refusa, waste o0il, various industrial waters, animal carcassss and confiscates without
harming the human environment, and finally the raw and digaeted sludge that accumulates
in the sewage treatment plants; the protection of air and soil against excessive noise
end other immiesions of all kinds.

The need for order and cleanlinees has, with the pmesing of time, undergone various
changna, Thus our task must be adapted to the circumstances, particularly in times like
oure, whera on the one hand the need for amenities is extremely great and seeme to he
increasing, and on the other hand, the mass production industry floods the market with
commodities of all kinds, kitchen dishes, radio and television sets, washing machines,
rafrigeratoras and cars of various makes. This sntails unimaginable waste that the
communities and regione must deal with in an economical way and, if possible, without
polluting the human environment, The rapid economic development that becams apparent
after the last world war, as well as automation and the acceleratsd growth of the
population brought about a new avalanche of wasts, the end of which cannot yet be foresesn,

Turing the last 15 years, the volume of domestic refuse has doubled or even tripled.
Thie develcopment is dus particularly to an abundance of packaging material in town and
country.

This meana that the way to treat solid waste must be adaptied to the changing
requirements and the given ciroumstancen. This pre—supposes that the competsnt suthorities
adapt their policy to the rapid development of science and technology to the advantags of all
those invelvad. This however regquires continuous information, decumentation and discusseion
in order to choose the best technicnl meane that compatition offers.

The problem of waste disposal is a very important one, bescauss we must take decisions
about the organiszation of the cellesction, the treatment, the processing for re-use and
Finally the complets disposal of the ussless remaining material.

For collection and tranaportation, the municipal cleansing departmenta have found
solutione which for their purposes wers practicahbls. The problem of the disposal of
collacted waste ie already a much more difficult one. In this respesot, we have several,
fundamentally different pomsibilities: a) Open dumping, b) Controlled tipping (sanitary
landfill), o) Composting, d) Incinerationm.



The principal factore to be considered in determining future needs for solid wastes
management are industrial development, population growth and land planning. Forecasts
are usually developed on a regional or inter-regional basis.

At all events close cooperation betwsen the muthorities sngaged in water and
wasts water management and thome occcupied with solid waste disposal ie indiepensable.

Figure 1 represents a survey on the processing channels in weastes disposal.

The firest task consistie in determining thoroughly the amount of municipal, industrial
and agriculiural waste to ba disposed of per year or per week in the course of the different
Baag0na.

Industrial wastes surveys have to be carried out in accordance with typleoal production
programmes and every effort muet be made to obtain data on production rates as well as data
on wastes generation.

Wastes from agricultural activities indicate etrong seaeocnal variatione and change in
gquantity from one year to the other.

2. Plonning of waste dieposal facilities

The usual design periods for waste disposal facilities vary from 10 to 40 years.
In order to make the best of the invested money it is advisable to secure the area
necepsary [or the treatment of the refuse after 20 years. The surface for a sscond
furnace and/or a second composting installation being already at hand, the enlargsment
of the plant can be projected in time. Furthermore, two sete of treoatment machines
are praferable in order to enesure the running of the plant in case of a breakdown of
one est. ;

Mathode for sampling procedures, determination of the moisture content, separation
into waste fractions, refuse componente analysie, heating-value determination are the
moet important parameters which determine the cheoice of the final method of treatment.

The heating valus incremses with the growing percentage of cardboard, paper and
eppecially of plagtios in the refusa. Polyvinyl-chloride (PFVQ) very rapidly increasing
in volume in the refuse often causes corromion damages on boilera. Combustion residues
from incineration should not contain any fermentable matter and the water soluble compounds
Bhould be sintered in the elag.

3. The main eyeteme of solid wastes disposal

3.1 Open dumping has become a very widespread method in recent years, which often
contaminated and disfigured the countryside and even polluted the air with emells from
such dumps. It has bean generally recognized that thie method of waste disposal can
ng longer be applied.

3,2 A further step in weste disposal has been taken in France and in Great Britain
with the system of controlled tipping or sanitary landfill. This method is more
complicated and more costly, since it requires special machines and personnel, but it
protecte the deposit surfaces and the surroundings from practically all immissionsz, and
moraover, it uses land which has so far been unproductive.

3.3 Compoating Ae far as wastes management is concerned we live in a cloged
environment, which comprises soil, water and air. Disposal of wastes meanas discharging
them into one or more of these sectors of the hiocsphere. Thus, proper wastes management
involves deciding which of these sectors can mccept refuses without detriment. 40 to 80%
of domestic refuse consiste of fermentable matter, which can be traneformed into compost.
Unfortunately these plain relations are not as simple as they may seem. The technical,
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biological and marketing problems were often underestimated and led to subsequent
disillusiocnmant.

Mature compoet, applied proparly, has a manifold influence on cultivated soil, for
example preventing water and wind eroeion, retaining soil moisture during dry periocds and
many other positive effects.

Tha best known and most thoroughly tested field of compost application is that of
viticulturs. 8ince the vines are often cultivated on a slope, prevention of erosiocn playe
a vary important part. Furthermore compost is welcome in horticulturse, cultivation of
vageatables, fruit culture, tree nursery and forestry.

A very interesting use for waste compost is pig breeding. Figs are often anemic.
In Holland specially treated compost ha® been given to piglets for some time already as a
source of iron. According to the results obtained by adding compoet mixtures with
various preparations rich in iron, the amnemia and dierrhoea in pigleis c¢an be prevented
and weight increase stimulated more effactively and cheaper with mature compost than with
other preparations tested.

Composting has caused much dissillusionment for many reasons, but after all it still
repreasnts the most significant poesibility for the use of waste if done properly. Indeed
Wwe all know that agriculture is in need of humus, and there ie mo way of producing humus
more sconomically. A reascnable selling price covers part of the expenditures, and
compost treated grounds may sbeorb a certain percentage of toxie industrial mineral refuse,
which cannot be dieposed of otherwise, but marketing must be planned on a long-term basis.

3.4 Incineration. It has been recognized at a very early stage that big citles,
particularly when they are situated in densely populated conglomerations cannot apply
the above mentioned methods for their waste problem. Therefore, they chose the most
radical way of waste disposal, i.e. incineraticn. In fact, numercus oities all over the
world have opted for this method, which was to their advantage. Thiep development has been
congiderably promoted by the availability of incineratore and powsrful machinery.
Suppliers of meveral countries have for decades been engaged in & healthy competition with
each other of this market.

Depending on the local and regional eircumstances, the competent authoritiss are left
with the choiece of incineration with or without utilization of the energy generated. This
energy can be used for the production of heat, etesm of electric power (Figurﬂ 2.

The feot that there are several possibilities of waste disposal serves our purposs
extremely well, Bince the amount of waste produced today could hardly be absorbed by
agriculture,

We have to seek the optimal solution for each individual case and ite special
circumstancas. This regquires research in various fields am well as publication of its
regulte in the authorized groups.

Concerning the characteristics of combustibility the three component water, ash and
combugtibles determine the heating value of waste. The three—component diagram [Figure 3)
showa inside the hatched area the range of refuse composition in which combustion can ba
maintained without additional fuel, but in fact, incineration will never bte a profitable
businese. Indeed, the proceeds derived from the sale of the waete heat does not cover
the prime costs of the incineration plent disregarding the collecting service, Thise fact
im relevant even for thehiggest plants.

If heat recovery im not economical the heat produced by incineration must be deastroyed.
Plants of this character are frequently used for incinerating the screen residues of compost-
ing inetallations and municipal incinerators with capacities below 100 tons per day.
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Refuse incineration with heat recovery will probably never be self-supporting.
When comparing the results of wastee dispoesl by incineration with those by composting,
it is obvious that the soil conditioner "compost" cannot be replaced by any other means,
whereas heat is produced cheaper and sasier from fusl.

The decision of whether an incineration plant should be built with or without heat
recovery depends chiefly on the local conditions. Tha most Favourable conditions for heat
recovery are given when the inecineration plant ocan be established within the premises of
& powar station.

The most convenient way to deliver thermal energy for industrial purposes is to
locate the incineration plant in the neighbourhood of a heat-taking industry. The heat
must be taken all year round and the incineration plant ought to be built very close to the
industry. Another poesibility of using the heat produced directly is the feeding of &
long-distance heating system.

Instead of using the thearmal energy produced for the generation of electricity,
heating purposes or instead of wasting the heat, the resulting energy may be used for drying
tha sludge generated in a sewage treatment plant. For this purpose a hearth furnace, where
municipal and industrial refuse, pumpable sewage sludge and waste oils may be incinasrated
8imultanecusly, is suitabla,

Sewage sludges turn to solid wastes when they are dewatered or thicksned. - Tha
combusation of waste oil, slaughterhouse wastes and dead animale presupposes special
mechanical devices in the furnace., - As to industrial eludges and further noncombuatible
wastes like galvanic residue, lacquers, varnish removere etc., it has been shown that these
Bubstances are absorbed to a certain degree in the composting process, although it has not
yot been proved whether compost with the addition of industrial sludges is suitable feor
oultivating food-plantea.

4. Costing and conclusion

Much data have been collected to find a common denominator for comparing the invest-
ment and operating coste between the three main ways of waste disposal, i.e. landfilling,
composting, incineration.

Taking into consideration the numercus constituente which interfere in the various
technical systems and the different local conditione it has shown that mean values can
hardly be get up even for one single country. How many more difficulties must arise in
avaluating these costs on an internaticnal basis. Each of the above mentioned threae
possible ways of waste management should be calculated separately, taking into account that
the totality of wastes must be dispomed of,

Until recently in Europe any suggestion of re-using refuse was thought of as
unreasonable, reminiscent of war times. But more and more it has becoms a particular
concern to all the people of our generation which im inevitably compelled to keep ocur
anvironment clean and prevent disaster later,

Sa New concepts

New concepts in waste water treatment and combinations of conventional and physical-
chemical processes will have a deciesive influence on the treatment and dispoeal of
municipal and industrial sludges. Ite qualitative and quantitative conemegquences cannot
at prasent be evaluated. We are still forced to rely more on conjecture than on facts.

This chapter covers a review of the present state-of-the-art in sludge disposal., A
discussion of future problems of sludge disposal is based on thism and foreseeable new
treatment methoda.



5.1 Poesibilities of sludge disposal

AnasrTobic stabilization {digestion) of municipal sludges and subsequent
application of stabilized sludge to agricultural land are still the most commonly used
treatment and disposal methods, Thie practice ie not only economical but aleo moat
reagonable from a biolagical point of view since wastes ars reintegrated in a natural
cyola, If reuse of ligquid, or possibly pasteurized, sludge in agriculiure is not feasible
the following alternmatives may be taken into consideration:

I

disposal in suitable sites

combined composting in both municipal refuss and sewage sludge

processing to fertiliser
- gludge incinsration or combined refuse/sludge incineration
The operating costs of all these alternatives, however, are considerably higher bacause
8ludge must be dewatered or even dried. The same procesoss used for municipal sludgss

can be applied in the treatment of non-toxie organic industrial and trade wastes. Dewaterad
inorganic eludges are disposed of in epecial disposal sites,

5,2 Influence of hardly or non degradable organic compounds

4 distinction must be made between the effects of non degradable organic carbon
compounds on the one hand and inorganic compounde, i.s, metallic salts on the other hand.

Vary little is known about the effects of hardly degradable organic carbon
compounds upon mercbic and anserobic environments, soil and plant growth. Experience has
ghown that other soluble materials interfere with the digestion process. Az thega
substances ars only partially broken.down during digestion, operating difficulties can
be erpected in dewatsring and possibly in the agricultural use of such sludgsa.

Just as little is known about the influence of detergents. Hewly developed,
gerobically degradable detergents do not cause ithe wellknown problema of "hard" detergents.
But it has been shown that these Boft detergents are ms resistant to anaerobic digestion
ag hard detergents. Thersfore, the poseibility of digestor problems etill existe. Further-
more the influence of soft detergents on dewatering and the possible effects on agriculturs
are unknown.

Thesa few examples evidently lead to the assumption that aserobic sludge treat-
ment processes,such as weti oxydation might be used instead of anaercbic processes in the
futurs. Experiments have shown that most organic carbon compounde can be broken down. In
addition, such sludges are easier to dewater agpocially after tharmal conditioning.

5.3 Influence of Inorganic Compounds

48 regards inorganic materials, the discussion is restricted to metallic salts
that ars discharged (after insufficient in-plani traatment) into municipal waste water
gyetems and ultimately into open water bodies. The ever increasing amcunte of metallic
salts in municipal sludges cause digestor problems and, eventually, difficulties in
agricultiure. Fromising processes for the elimination of metallic salte have besen
devalopad by Sontheimer. Elimination should not be carried cut in waste water treatmesnt
plants, but at the source, i.a: in industrial plants and factories, as concentrated watera
are much sasier to process than dilute ones. Consequently, more resiringent requiremesnts



for industrial effluents will be necessary in the futurs. In the light of long-term effacta
we cannot tolerate torxic materiale from industry in municipal sludges esince the tresatmant

apnd re-integration of these domestic sludges into a natural cycle would be made difficult or
even impossible, thereby becoming an unjustifiable burden for the taxpaysr.
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l. Intreducticon

Eutrophication ia the nutrient enrichment of waters which frequently results in an array
of symptomatic changes, such as increased production of algae and other agquatic plante, dete—
rigration of fisheriea, general deterioration of water guality and other responees which are
chjectionable or impair water use.

Among the plant nutrients responeible for eutrophication, pheosphorus and nitrogen have
been found to be the most important elements. The general view is that phosphorus is gene—
rally the limiting factor. However, Legge and Dingeldein (1970) are of the opinion that
carbonaceous material is also a dominant factor.

We shall in thie report not enter into the guestion of limiting factors which is a
problem for limnologists.

With phesphorus and nitrogen as main factors in eutrophication it is obviouse to think
about agriculture in highly developed countries, using high amounts of nitrogen and phos-
phorue in crop production as a main source of increasing eutrophication.

In thie report it will be attempted to give an (quantitative) analysis of factors with
reapect to the contributieon of agriculturs.

2. Pregent Fertiliger Consumption

In Coanada, Finland, Norway and Sweden a very small part of the total area ia cultivated
land, (3-8%). This contrasts with the United Kingdom where 80% of the total area is farm-
land, About 70% of the Member countries of the 0.E.C.D. have an area of cultivated land of
about 45-70% of the total land area.

From the F.4.0. report Fertiligers (1969) it can be calculated that cultivated land in
the 0.E.C.D. countries receives an (weighted) average amount of 25 kg N/ha/y and 10 kg Pfhafy-

However, in many cases permanent graaalaﬂ? ia not fertilized. Therefore, it is of more
intereat to know fertilization on arable land®, which alsc can be calculated from the F.A.0.
report. It was found that 65% of the arable land receives 0-80 kg N/ha, 25% receives 80-120
kg N/ha and 10% receives 120-160 kg N/ha. The second group (80-120 kg N/ha) represents approx-
imately an optimum for tillage land.

When on tillage land more nitrogen is applied (120-160 kg Hfha}, here is an indication
for the presence of temporary grasas in the rotation because in modern grassland management
amounts of 175-225 kg N/ha ars possible as shown by Table I. Also phosphorus application
(see Table I) encompasses a wide range in West Europe running from 15-80 kg P/ha. However,
the average application in a four-year rotation of cereals, potatoes and sugarbeets of 128 kg
Pfha is in reasonably good agreoment with removal in harvest of 108 kg tha.

For grapaland, the removal depends strongly on the type of graseland management. Thae P-
application here is sufficient for a production of 10 tonsfha dry matter.

From these resulte it ia evident that actual nitrogen fertilizer consumption in agri-
gulture in comparison with the optimum ia relatively low and that average phosphorus appli-
cation is in a reasonably good agreement with removal in harvest.

lf including temporary grass



Table I

Annual Witregen and Phosohorus Avolication on Tillage Land and Grassland

; P kg/ha/y N kg/ha/y
b Country Hegion or System k grasg
i Cereals Potatoes S.beet Grass Temporary — Fermanent
iCanada Prairie Prov. 13 - - - - -
| & Ontario 25 = = 25 = 30
|
[ = Alberta - = - 75 o -
[ Atlantic Prov. 50 105 - = = 90
‘Belgzium |  Barrage Wisrezmont 38 is 35 35 ' 60 50
France Average (3) 26 29 44 13 40 11
B Nord - ~ - - 184 62
i 1 Li.’ﬂl{}ﬁ.ﬁiﬂ. - f - = oy 14_ 2
Yetheriands u 18 42 i3 20 - 225
Sweden Sguthern Centre - - - - - 180
| v North - - - - -~ 120
Switzerland 15 21 30 32 - 60
United Xingdom S3trip Grazing - - - - 215 175
P Extengive Grazing - - - - 88 75
| Arable Land 23 B0 53 24 = &
J |
| Average application (1} 24 41 39 25 100 96
i Average removal {2) _ 20 24 44 14

El Excluded Canada

Removal calculated on a yield of 4.6 t/ha cereals, 40 t/ha petatoes, 50 t/ha sugarbeet and one cut
of nay of St dm/ha
{3) Phosphorus fata from : Feivy



3. Future Trends in Fertiliger Consumption

With Hebert and Graffin (1971) we may expect that on tillage land with a nitrogen fer—
tilizer level of 80-120 kg N/ha there will not be any spectacular increase in fertilizer
consumption because the optimum yield has been reached already. Only higher yields can be
obtained by improvement of varieties and state of health or by preventing logging by the use
of C.C.C. This might increase the nitrogen consumption in the leng term.

But 654 of the land Y received 0-80 kg N/ha. Here are good poseibilities for increas-
ing yields and fertilizer consumption, when natural conditions are not limiting factors.
In dry regions, for instance, irrigation has to be developed firat.

While there is under ideal conditions on 65% of the tillage land a possible mean max-
imum increase of about 60 kg N/ha (from 40-100 kg N/ha), in grassland the increase will be
much higher. Cooke (1971) is of the opinion that 350 kg tha in leys is a real poesibility
and 250 kg N/na on grassland grazed by dairy cows. Alberda (1971) comes to the conclusion
that grass production of 20 tons dey matter per ha is cven possible at about 500 kg N/ha/y,
and without serious losses by leaching.

However, in estimating fertilizer need, especially of phosphorus and potassium, we also
have to keep in mind that a certain amount of plant nutrients is imported in the concentrated
fead used for livestock. These amounts are found back in farm yard manure and urine and used
in ergp production and will reduce the need for fertilizer. In The Netherlands the annual
import of phospherus in concentrated feod is already of the same order as the use in ferti-
ligarl

The woighted average annual increase for the 0.E.C.D. countriea over the peciod 1984-
1969 has been calculated for nitrogen at about 7%, lor phosphorus at 3.5%. Over a period
of five years that 1s about 20 kg N/ha and 2.5 kg P/ha.

Hlebert and Graflin {1971) estimated Tor France for the next few years a growth of 31.9%
for N and 5.4% for P. Cooke {1971) expects for the United Kingdom over the next 10 years
a mean annual increase of 3% per year for nitrogen but with no more P needed than at present.
In The Netherlands experts of the nitrogen industry are expecting an increase on tillage
land from 100 to 125 kg N/ha/y in the next 30 years and on (temporary and permanent) grass-
land from 22% to 275 kg/hafy. This 1s a growth of 22-25% or 0.75% per year up to the year
2000, For phoaphorua a decrease 1n fertilizer use may be expected.

It is obvious that all these expectations will be influenced to a great extent by
political, economic and agricultural facteors.

4. Leaching Lonsen

4.1 Amount of Drainage Water

The amount of plant nutrients leached each year depends on the amount of
drainage water produced and the concentration of nutrients in the soil moisture.
The ameunt of drainage 18 determined by rainfall and rate of evapotranspiration,
naither of which are man-made phenomena.

From data by Mohrmann and Kessler [19%9) it appears that rainfall in Weatern
Europe ranges from 200-1200 mm per year with an average of 700 mm. The water sur-
plus ranges from 0-500 mm with an average of about 250 mm/y.

1f tillage



4.2 Leaching Loss of Nitrogen

Kolenbrander (1969) made a systematic study of N and P leaching by means
of lysimeters. In view of the large effect of drainage on the leaching losaes
of nitrogen, Kolenbrander 519691 started from a linear relation betwesn annual
drainage water production (mm/y) and annual nitrogen loss (kg N/ha) up to about
600 mn drainage.

From this study it became evident that a dietinction has to be mads between
a lose originating from scil organic matter and a loss by fertilizer. Further,
that scil type and type of crop are very important in relation to nitrogen leach-
ing losaes. -

4.2.1 Tillage Land
4.2.1.1 N Loees from Soil Qrganic Matter

Table II shows the N losses on cropped tillage land origi-
nating from soil organic matter at a drainage water production
of 250 mm/y, at different clay contentas of the soil. It appears
that nitrogen loss is inversely proportioned to the clay content.
This difference in leaching losa between different soil types
ie due to differences in rate of denitrification as a consegquence
of difference in pore-size distribution.

It 18 clear that the N-losses in sandy soile are high
(45 kg N/ha) and that this will result in higher nitrogen con-
centrations in subsoil than in clay soils, where nitrogen
losses are much smaller.

A reduction of these high lossea on sandy soils will be
only possible by "mining" the so0il organic matter the next
fifty yeara. But this moil organic matter ie precisely the
foundation of soil fertility and crop production in agriculture.

4.2.1.2 HN-Loss from Fertilizer

Table II1 shows the nitrogen loases by leaching as a fun-
ction of applied nitrogen fertilizer and soil type. Once again
it is evident that losses on light soils are much higher than
those on clay secils, but also that nitrogen losses increase as
the amount of applied fertilizer increases. This effect of
soil type on leaching loas will alsc be the result of differences
in rate of denitrification.

We can make a rough estimate of the average leaching loas
on croppaed tillage land from fertilizer. BStarting from the auppo-
8ition that distribution of applied nitrogen as found in para-
graph 2. on all soil types will be the same and that distribution
of moil type iteelf will be as given in Table IV, it is found
that an average N fertilizer application of 60 kg Hfhaf& a
leaching loss of about 2 kg N/ha is reached or 3.5% of the amount
applied. g

This is in good agreement with the 8% nitrogen loss calcu-
lated by Kolenbrander (1971) for tillage land in The Nether-
lands at a fertilizer level of 100 kg N/ha and about 509 sandy
goile and the data of Hebert and Graffin (1971) for France
which we caleulated at a loss of 80 kg N/ha on tillage land.



Table IT

¥ Losses by Leaching [rom Seil Crpanie Moatter on

Cropped Tillare land ot o Tleainnge VWater Production
of 250 mm/y [lysimeter oxp.)

Heaviness of Soil N Loss N. Conc.
16 » clay kg/he/y mg/1
0-105% 45 17.9

1o-20t 10 12.1
20-307 18 T.l
30-4 06k 10 4.0
40-507 & 2.3
50-605 5 2.1
60-707 5 200

Tabla III

Nitropen Losses by Tesching in ke Wehaly
at Different Tioy Contenbs of Soil and

liate of Perltidicer Arplicntion on Crouped
Tillage land at 250 mT Drainage 6 Tysimeler
Experimonts

N Fertiliser
" Applied . Eﬂ Clay Content ¢ 16 p
Kg N/na/y o-1d 10-70 *0-30 o0 |
. ]
0 L8] 0 0 0
o 1 0.5 0 0]
40 2 1.0 0.5 0
50 3 1.5 0.5 0
GO 4 2.5" 0.5 0
TO & 3.5 1.0 O
8o a8 4.5 1.5 0
90 11 6.5 2.5 0.4
100 14 B.5 3.5 0.5
110 19 12.0 5.0 0.8
120 24 16.0 T.0 1.2




Table IV

The Weignted Vean Nitrogzen Loss by Leaching on Tillage Land

_ . : Estimated |  Soil org.| g portiliser| Total K
Soil Type <16 p clay Frequency Matter Loss
Sandy Soil 0 - 10% 10% 45kg N/ha 5.Tkg N/ha Slkg N/ha
Light Clay .

s0il 10 - 20% 20% 3o " 3.3 " a3 =
Clay Soil 20 - 30% 405 18 » 2.2 " 20

" 3{}. g 4(}}5 2% 10 » 0.2 " 10 n
Heavy Clay -

Soil 40 - T0% 10% B v 2.0 " B ™
Weighted Average 100% 20 " 2.1 *» 22 m




liowever, the loes from soil organic matter is much higher
{20 kg N/ha/y) thus about ten times that of fertilizer.

When all the tillage land would be fertilized optimally
(<100 kg N/ha), average lose of fertilizer would increase 5%
of the amount applied.

4.2.2 QOrassland

4.2.3

4.2.4

The losses of nitrogen on grassland have aleo been studied hy
Kolenbrander (196%). Here the losses are much lower than on tillage
land. At 700 mm rainfall the losa from soil organic matter was about
5 kg N/ha/y and from fertilizer (250 kg N/ha) only 2 kg N/hafy or 14.
Aleo, Kofoed and Lindhard (1968) found a total N losa on grassland
of 5-10 kg N/ha at a fertilizer level of 183 kg N/ha/y.

On clay soile Low & Armitage {1970) found 1 kg ?fha from soil
organic matter and Bolton et al (1970) only 0.3 kg N/ha. The average
N-lose from soil organic matter on grassland can be estimated at
about 1 kg N/ha/y, that from fertilizer at about 1% of the fertilizer
annually applied.

The explanation for these low loasses in graseland is the high
rate of N uptake, the long growth periocd of the grass, the absence
of fallowing and the fact that the total amount is gilven in 4-6 me-
parate applications during the growing season only.

Crop Hotation

Leguminousa plants fix nitrogen from the air. When plowed under
in Autumn a part of this nitrogen will be leached. From unpublished
data of Maschhaupt guoted by Kolenbrander [lQTl} and results of Low &
Armitage (1970) and Karraker et al (1950) we calculate an extra nitrogen
loss of about 45 kg N/ha/y. However, after peas, harvested in the
beginning of August, Maschhaupt found an extra nitrogen loss by leaching
of about 12% kg tha. From these results it becomes clear that a large
part of the bieclogically fixed nitrogen in the root nodules of pulse
crops and leguminous plants is not used by the next erop, alsc when
this is a "cover" crop sown in autumn.

In this respect grass as green manure crop should be preferred,

Time of Application

Nitrogen applied during autumn and winter ie much more vulnerable
to leaching than that applied in spring or summer. Kolenbrander [1969)
found with grassland on sandy soil that nearly 40% of the fertilizer
nitrogen applied at the beginning of November proved to be lost, while
there was no loss at all in spring.

Under practical conditions fertilizer application is restricted to
the growth Beason but much nitrogen is applied in autumn and winter
as farm yard manure and liquid manure which will result in extra losses
by leaching and run off.



4.3 Leaching Loas of Phoaphorua

4.3.1 Type of Seil

Table V is a summary of P loeses from lysimeter experiments, or calcu-
lated from drainage water analyses (Henkens (1971), Coocke and Williamas (1970))
and soil moisture analyses (Munk (1972)). Prom thie table it can be estimated
that the average loss by leaching on cropped farmland is about 0.22 kg P/ha/y
at 250 mm drainage water. This P loss is increasing linearly with drainage
water. This P loes is increasing linearly with drainage water amount
{Kolenbrander 1971).

Pfaff (1963) found with clay soils much higher values running from 2
to 4 kg P/hafy. This is possibly caused by losses of clay particles, which
can abeorb high amounts of phosphorus. The amount of clay particles in the
drainage, therefore, will cause great fluctuations in the total P losa by
leaching with the tendency that the P loss on clay soile may be higher than
on pandy soils.

On peat solls the phoephorus loesa by leaching ie much higher. From
data by de Vries and Hetterschij (1936Y37), Wilson and Staker (1937),
Henkens (1971), Eggelsmann snd Kuntze (1972) and Munk (1972), it was esti-
mated that an annual average loss of 2 kg P/ha at 250 mm drainage water
ie likely. Partly this is phosphorus in organio form.

4.3.2 Effect of P-FPertilizer Application

In contrast to nitrogen, no relation was found between the amount of
P-fertilizer applied and the loss of P by leaching in lysimeters with a
depth of 1 m. -

In view of the low phosphorus concentration in the drainage water
(about 0.08 mg P/1 (Cocke and Williams (1970)) strong absorption in the
profils muat be assumed.

The absence of a clear relaticnship between P-applied and P=loat by
leaching makes it very difficult to reduce the phoephorua losses by leach-
ing. Here again, ap with nitrogen only "mining" of the soil organic matter
the next fifty years would be a theoretical pospibility in decreasing these
P losses.

The conclusion must be that nitrogen and phosphorus loss by leaching
can hardly be reduced by activity of man without a serious loms in moil
fertility and crop production.

The losses of fertilizer nitrogen on tillage land are small, except in
light sandy soila. On grasgsland they are negligible,



Tabhle V

Leaching Losses of Phesphorus in Cropped Seoil

(Lysimeter exp. and drain water analyses)

Arable Land Frassland
Loss Drainage Loss Drainage
kg P/ha/y mm/y kg P/ha/y ¥
Baltin et A1 (1970 0.72 250 0.30 250
" " O.48 250 - ™
Coppenet (1969)
Quimper .13 250 - -
Veraailles 0.28 250 - -
Cooke and Williams (1970) 0.13 g 0.20 250
Holtan (1971) 0.07 7 o =
Kolenbrander (1971) 0.06 250 0.20 250
Low and Armitage (1970) - - L ia23) 250
NMinderman and Leaflang (1968) 0.05 250 - -
Henkens (1971) LT 250 - -
Munk (1972) 0.11 250 - -
Average 0.21 250 0.23 250
Average Concentration mg/1 0.084 - 0.032 -




Soil Erosion

5.1

5.2

There ara two types of soil erosion:

a. earosion by wind

b. earosion by water

Wind Eromion

Wind ercslon occurs in different countries during dry weather pericds on mandy
and peat soils. Wind tunnel experimente showsd that a sandy soil was blown at a
rate of 50 tons/ha/hour (= 5 mm soil/hour) when wind epeed was equal to 15 m/seo
(Peerlkamp, 1971).

Cocke and Williams (1970) mention that wind esrosion may remove 10 mm of moil
containing perhaps 1500 kg total nitrogen and 150 by total phosphorue frem 1 ha.

Much of - this soil im depomsited locally and ditches are filled. A part of
the N and P in the dust must also enter streams, riversm and lakes, but to what
extent i1s difficult to estimate.

Water Eroaion

In Western Europe water erosion is not generally a problem. In the Western
part of the U.5.A. it in. Also in Canada 0.1% of the soila are severely affected
by water erosion (loss in productivity » 35%). This aeverity of erosion is related
to topographic features such ae hill areas or river valleya.

In regions of erosive soile 25-75 tons/ha/y are delivered to streams if vege—
tation is poor. Moat material in transport by erosion is in euspension and is in
the silt and clay size range. Water eromion is, therefore, a silt transpert problem.

Besides the length and steepness of the slope, intensity of rainfall is an
important factor. Erosion etarte with a rainfall intengsity of about 25 mmfh.
Ripley et Al (1961} found on a 10% slope a soil loms of 12 ton/ha which im about
equivalent to 1 mm of top soil.

Holt et A1 (1970) remark that sediments carry relatively large amounts of
total nitrogen and total phosphorus into the surface water, but in both cases
only a small proportion of its total is readily available to the biosystem,

It im evident that N and P loss by erosion will vary within wide limits,
depending on climatic and fopographic conditiones. :

In the United States the annual contribution by soil water erosion has besn
eati?atad on 5-50 kg total N/ha/y and 0.5-5 kg total P/ha/y (Armstrong and Rohlich,
1970).

Cooper et al (1969) peint out the highly significant inverse correlation
between crop yields and soil and water lomses from gloping land. The beneficial
effects of a high level of moil fertility reduce erosion losses by inducing a
more rapid early spring growth, denser canopy, enlarged rootsystem and more organie
residues to enhance soil tilth, infiltration and biological actiwvity.

Wadleigh (1968) is of the opinion that by erosion control measures losses
can be reduced by 75% and more.



Even when soil erosion by water is prevented, run-off will be a factor in eu-
trophication. Hun-off can take plase on flat Boile in ‘winter when soils aire frozen
and snow is melting. Also, in epring when rain follows fertilizer applicastion,
run-off can contribute conesiderable amounts of N and P to the surface water, but
thia will be only incidental cases.

Table VI shows total nitrogen and phosphorus contribution of watersheds to
surface water. In these watersheds pollution by induetry and population are ex-
cluded. A emall effect of rural living may be possible, but it is wvery difficult
to eatimate theae amounta.

It appears from Table VI that the total contribution of phosphorus including
drainage water is small (0.35 kg P/ha) when serious pollution by annual waste is
excluded. 5till this leoss is higher than that found in lysimeter experiments where
run-of f is excluded (0.22 kg P/ha).

Clichter and Furrer (1971) are of the opinion that a high value of 0.70 kg P/ha
ie due to run-off.

In summary, the offect of run-off from Table VI can be estimated to be from O

to 0.5 kg P/ha/y. The upper limit of 0.5 kg P/ha/y is the lower limit estimated
for soil erocsion.

e Pollution by Animal Waste

6.1 Direct Pollution of the Surface Water

Direct discharge of animal waste with a high content of organic matter,
nitrogen and phosphorus, causes a serious pollution problem.

Under normal practical conditiones the farmer will use the animal waste as
manure for hisa crope. When, however, [or economic reasone the number of liveatook
per ha has to be increased, liquid manure tanks become impractical and it will be
cheaper to discharge a part of the urine to the surface water.

However, in "industrial® farming which means: "the highest number of live-
stock on the pmallest area possible", the animal waste becomes a considerable
problem for the farmer and a diecharge to the surface will be a way out.

It 18 not difficult to calculate the total amount of N and P produced annually
by livestock. But it is difficult to estimate which part is really discharged to
the surface water.

Kolenbrander (1971) estimated on balances from different watersheds a direct
discharge of 0.2 kg P/ha/y and 5 kg N/ha/y, which is egual to 1% of the faeces
production plus 10% of the production of urine. In regions where "industrial"
farming has been concentrated the direct discharge may be a factor 7-8 times
higher.

Harmeson at al (1971) enotimated for the Kaskaskia River region (Illincis)
that about 7% of the nitrogen has its origin in animal waste while Baumann and Kelman
(1970) postulate a rough estimate of 25% for Iowa.

From these data it is clear that estimates range widely. But even a direct
discharge of 7% is in the order of the contribution of soil erosmion.

In order to reduce eutrophication it will be necessary to restriot "industrial"
farming in this uncontrolled fashion.



Total

Table VI

Loss of W and P from Catehiment Areos,

Excluding Effects of Urban
+

Living and Industrizl Pollution

100% i 1004
Country and Source Forast or E Cultivated Type
i Trairie Land i Expiloitation
i L i K
i kz/ne ka/ne T kg ha ke ha
i ) | H ' i
| | i |
Carads : Oweng/Johnson =" | - ! 5 i 0.26 i -
izelean (1971) | Campell/Webber L0 ! .01 - - Prairie
Fronea i Bupt de Mad ione ] - | 2 =
Natrerlands i q. Veluwe - - ; - P 0.40 Grassland
¥2lanbrander ¢
{1371) | Mlevoland Lo - 24 0.16 Arable
| Hupselsebeek ! - - | SE# 0.52 | Grassland
: ?1eraenseseek | - - { ag i 2.49% | Grassland
| Langabroekerw - - | - ! 1.37#= Grazssland
Swaden : |
Brink (1271) | Uprsale rez. | 2 |o.08 & | 0.35 Arable
Sniizeriand ! ] j
Gdchter/Fuarrer | Préalpine reg. o 1é } 0.70 Grassland.
(2971) - Hidlands | 6 0.03 23 i 0.35 Mixture
United Kinedom | ' |
Crrems L aara, ! Graat Cuse i - | - 12 : 0.08 -
B ! Lake ¥ononz’ | o= P - & i 0.36 -
Sawayer ‘ Lake Wambesa R & | 0.39 -
(Z247) Lake Kegonsa T 8 I 0.41 <
Averagae 2 .G.DE 12 .35
Lysimeters (250 ma) 0.3 0,12 ] Ue2e Arable or
Grassland

* gxeluded from average (animal pollution)




6.2 'Dumping and Irrigation with Animal Waste

When direct discharge to surface water has to be prevented, the farmer may
start dumping his animal waste on his agricultural land in amounts much higher than
ie neceesary for crop production., Crop production may even become a mecondary
factor!

From the study of Stout and Burau (1967) it becomes evident that any fertile
sandy soil has an inherent potential nitrate supplying power of about 22.5 ppm N
(= 100 ppm NO.) which value ie in good agreement with that found in lysimeter
axperiments fgr sandy scils in Table II. However, this concentration of 22.5 ppm N
is the maximum concentration recommended by the International Water Supply Asso—
ciation in 1952 (Trines, 1952) in relation to "infant methemogloinemia"™, The Ame—
rican Drinking Water Standards quote a maximum level of 10 ppm N (= 45 ppm HDE}'

It is evident that dumping of high amounts of animal waste in excesas of crop
need Will increase the amount of nitrate which in turn will increase basic leaching.
On light secils this may result in nitrate concentrations of groundwater above the
etandards for drinking water. In countries where drinking water from public water
supplies is predominant this will not be a problem because a decrease by denitri-
fication in deeper layers may be possible (Kolenbrander, 1971, Hebert and Graffin, 1971,
Oooke and Williams, 1970, Stewart et al (1967)).

In the foregoing we have seen that applied Tertilizer phosphorus was not leachad
in mineral scils. Only in very light sandy soils with a low phosphorus fixing capa~
city and high water penetration it may be possible that fertilizer phosphorus can
move elowly downward and reach the water table after a great number of years.

However, when phosphorus is in a form not easily absorbed inte the seil complex,
in contrast to fertilizer phosphorus, there is the possibility that the displacemsnt
of the phosphorus inte the subsoil will be much faster and result in increased phos-
phorus concentrations in groundwater. Rietz (1969) found at a depth of 40 cm after
sewage application a content of 9 mg P/1, van Geneijgen and Scheltinga (1970) at
60 cm 2.6 mg P/1 and Kuelleker end Miner (quoted by Black, 1970) at 122 em 0.5 mg
p/l, after irrigation with liventock waste. This value of 0.5 mg P/1 seema to be
considered as a minimum value in sewage effluent, aleo after chemical treatment
of sewage water (Notes on Water Pollution, 1968). It may be an indication that
this phosphorus is in organic form and has to be mineralized first by bacterial
activity before it will be absorbed.

Results of Vetter and Klasink (1972) with high amounts of slurry show a 2-3
fold increase in phosphorus content in subsoil (60-90 cm) after 20 years.
Van Geneijgen and de la Lande Gremer (not yet published) found an increase even
within a year of total P at 1 m depth after dumping eight times 30 tons of slurry
on a sandy soil in a few weeka.

These results indicate that phosphorus from organic manure can move to a greater
or lesser extent to the subsoil. This process will be stimulated by irrigation of
high amounts of waste with low dry matter content. Resulting phosphorus concentrations
are higher than those normally found at this depth (1 m) dus to fertilizer phosphorus
(about 0.08 mg P/1).

The determining factor is not the rate of reduction of the P concentration in
the waste water but the phosphorus content in the effluent or ground water. An im-
portant factor is clearly the depth of the water.

In reducing nutrient enrichment of surface water, N pollution of subsocil has
to be prevented, which will be possible by limiting irrigation with high amounts
of waste with low dry matter content on light soils and dumping of high amounts of
solid waste,



T. Evaluation of Agricultural Contributicn

The relation between phosphnorus discharge per ha catchment area {PD} and the surface
leading facter for lakes {SLJ from Vollenweider (1970} ia:

AL
Pp= 8y -

The value of S, as given by Vollenweider is ranging from 0.7 kg F/ha/y at a mean
depth of the lake of 5 m to 6.0 kg P/ha/y at an average depth of 200 m. The ratio A/ Ag
represents the ratic between the area of the lake (A[) and the area of the watershed (4g).
The value Py will be small for emall lakes in large watershads and for lakes that are
ghallow (decrease of S ).

From data of Gdchter and Furrer (1971) for Swiss lakes (Table VII) a relation has
been calculated between the discharge factor Py and the percentage of lakes for which
this discharge ias permigsible or dangerouas.

From these figures it is clear that the P losa found under forest conditions
(mee Table VI) is permissible to all lakes. The P loss from leaching {lysimeters) of
0.22 kg P/ha is permissible to about 60% of the lakes and dangercus to 10%. The total
P loss including run—off (0.15 kg P/ha) is only permiesible to 10% and dangerous to
5% of the lakes.

It appears that thers is already an unatable situation in the samallar and shallowar
lakes when only drainage water from agriculture 1s discharged, and that the danger limit
will ba very esasily crossed by pollutions of any other kind puch as run-off srosion,
animal waste and sewage water of population.

In evaluating the contribution of agriculture, ws can coneider 1te contribution
to the total phosphorus flow to the surface water. Thie is poseible by input balances
of Watersheds. Table VIII shows four balances in which it is striking that contribution
of agriculture in The Netherlands is only 4% in rural run-off and groundwater whereas
this is 42% in the U.3.A. The most important factor influencing the results is the low
population density in the U.5.i. The lower this density the higher the contributicn of
agriculture. A second faclor is that for The Netherlands the contribution of phoephorus
in agriculture is eatimated to e 0.4 kg/P/ha and in the U.B.A. at 2.77 by P/ha dus to
the important effect of so1l ercsion. At high population denaities urban living will
be a very important source of eutrophication (Owens, 1370},

B. Legal Aspects

In nearly all countries new laws or additions to older cnes are promulgated concarn-
ing the protection of the environment against pollution. Discharge of waste {fluid,
solid or gas) to water courses is forbidden or restricted to a license containing financial
and technical conditions on discharging, The authorities must balance the advantages
to society and the costa for the pollutber,

However, these legal measures in environment protection relate at beat to the oxygen
content of the surface water which is depressed by direct pollution with organic matter
and ammonium nitrogen and not to eutrophicatbion. The use of fertilizer as a source of
polliution is not restricted in any country. One does find reatrictions on feed lots
in mome provinces of Canada and in some states in the United States. The conditiona
are that adeguate land or other facilities must be available for disposal of waste, pre—
venting run-off to surface water and the provision of storage facilities for manure.

In The Netherlands "natural" run-off is not coneidered as an artificial pellution!



Table VII

Felation between Phosphorus Diascharge Factor Pp

and Percentame of lakes to which this is Permissible

or Danperous

Phospheorus Discharge % of the Lakes
Factor Pp Kg P/ha/y ——
Permigsible Dangerous

To to

0 100 d

0.10 97 9]

0.15 a0 1.

0.20 70 5

Q.25 50 12

0. 30 25 23

.35 10 35

0.40 2 5O

0.45 0 63

0.50 0 75

0.5% 0 BT

0.60 0 95

0.65 0 98
/70.70 0 100

Data of GHchter and Furrer (1971) and Vollenweider (1970)




Table VIIT

Estimated Amounts of Nitrogen and Phosvhorus reaching Surface Waters
el

Hetheriands Wigconsin Lake Mendota J.5.A.
i) F i) F i) P N F
e |
Reinfall (2) g T 9 % 1% i 20 % 3% 2% 1%
Lreoan
Living  (3) 27 % T4 % 6% 68 % 16 % 53 % 14 % 28 %
Rural ) i 8 o P p
Aun=-0ff : 2 12 2 ] 1l 2
un-0f 5 % g * - 4 5 50 % 42 %

Ground Water 29 @ 2 % 42 &% 2 % 52 % 2%
Hon-fAgrie.
Land - - - - - - B 294
industry 31 % 15 % 2% 1% - - -
Ratic :
Urhan living _
Rural Sources (1) 0.77 21 0.67 2.3 0.25 1.2 0.21 0.4

{1) Bural run-off + grourd water
{2) Only in surface water area
{3) Ineluding private sewage syatems and urban run-off




9.

10,

Poarible Remediea

Starting from the general point of view, control of eutrophication implies a strong
reduction of the P and N discharge to surface water. Agriculture hae in principle the
following possibilities for reducing P and N diecharge:

1. Reducing soil erosion by better soil coneervation management;

2. Fertilization from aircraft or eteep slopes should not be allowed;
3., No manuring activity in autumn and winter;

4. Sufficient storage capacity for all waste from the farmj

5. Preventi fallowing in autumn and winter by use of a cover crop
ng £
(preferably not a leguminous crop)j

f. Over-manuring (dumping and over-irrigation of soil have %o be limited
particularly on light sandy soils;

7. Separate treatment of solid and liguid animal waste will open better
possibilities than production of elurrey;

8. Factory farming haa to be restricted to licensed operations;

9. HRestrictions in P and N fertilizer use will have little or no affect in
reducing eutrophicationg

13, Decrease P and N loss from mining soil organic matter will result in
a strong decrease in crop production and increase of food prices;

11. A% high nitrogen fertilizer levels, it iz advisable to give a number
of emall applications rather than a single large one.

Summary
The contribution of agriculture to nutrient enrichment of drainage waters is about
0,22 kg P/ha/y. This amount is dangerous to 10% of the lakes and permissible to 606

Contribution of run-off is estimated to be 0 =0.5 kg P/ha/y. The average total
discharge in drainage water and run-off is about 0.35 kg F/ha and permisaible to 10%
of the lakes and dangerous to 35%.

However, it is not easy to reduce this contribution of agriculture because there
is no relation between applied fertilizer phosphorua and P leached at 1 m depth.
Only by "mining" scil organic matter during the next 50 years will it be possible
to reduce this P loss, but this will result in & seriocus loss of crop production which
is impossible in view of our ever-increasing world pepulation.

The contribution of nitrogen depends on the type of soil and ranges for mcil arganic
matter from 45 kg N/ha/y on sandy soils to 5 kg N/ha/y in heavy clay soils. The diffe-
renca is due to leas by demitrification.

The total leaching loss from fertilizer N was calculated to be 3.5% at a level of
60 kg Hfha on tillage land. On grassland the N loss is still smaller and is ranging

for 0il organic matter from 0.3 - 5 kg N/ha/y and for N-fertilizer at 1% at an appli-
cation level of 250 kg N/ha.



The contribution of soil erosion is much more important than from fertilizer and
is ranging for P from 0.5 - 5 kg P/ha/y and for Nitrogen from 5 = 50 kg N/ha/y.

The contribution of animal waste was estimated to range from 1 - 25%. Because
of its serious effect on pollution and eutrophication, factory farming must be res-
tricted by licenses.

Use of fertilizer is not restrioted by law, while "faotory farming" is in mome
countrien.

Nutrient enrichment due to waste is not restricted by any law. Discharge of
“organic" waste in relation to the oxygen content of the surface water however is.
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NUTRIENT CYCLES AND AQRICULTURAL RESOURCE MANAGEMENT Ei

Congiderationa for Decision Making
Willard H. Garman g

Technical Assistance Bursau, Agency for International Development
U.5. State Departwent, Washington L.C., U.Gia.

In terms of land area and value of natural rescurces, agriculture and forestry con-
stitute the largest environmental complex on earth. Although the problems associated with
this complex may differ from region to region, one can safely say that at least for the
ao-called developed nations its major problems are sediment and dust, plus organic wagtes
from livestock and the food and forestry processing industries.

Sedimont burdens from agricultural lands in the United States are estimated at two
billion tons per year, as is the quantity of livestock wastes produced. Both are immense
problema, and would be wvery costly to handle even if the will and the technology existed.
Fortunately the amount of sediment has been reduced during the past generation due to effi-
cient crop production methods which have permitted several millions of marginal acres of
U.5. crop land to be retired from cultivation. With sustained effort during the 1370's,
gediment should be brought under reasonable control on both farms and forests. In papsing
one might note that sediment [rom highway ercsion and urban and industrial growth is also
about two billion tone & year, but as of now prospects for rapid improvement in the U.35,
are not bright.

Livestock numbers in the U.5. are on the increase and the volume of wastes is growing
faster than dipposal technology. Many people today say that dispomal of manure is agri-
culture's greatest problem. They believe that the only solution lies in spreading more
and more of it on rural lands. It appears guite likely, therefore, that the U.5. soon
will see pome shifting away from the huge feeding operations where thousands of cattle
are turned out annually, to smaller onea with lower-density stocking. Such a shift will
facilitate control of runoff as well as getting manure spread on the surrounding land.

The cost will appear to be high because of reduced eofficiency and because the value of
the nutrients will not pay for the labor required. Thus, one can anticipate added food
coata or increased taxes, and these must be evaluated in terms of enhanced environment.

City tax burdens are already great in the U.5. and are skyrocketing for handling of
human sewage and urban wastes. A number of joint city and federally sponsored experimental
projects are currently under way to find out how much organic matter or sludge can be accommo-
dated by spreading on a given area of land, at what cost, with what social objection, if any,
and with what toxic effectes on plants, if any.

Because most etreams in the U.S5. already are overburdened with organic matter, not only
is the demand for improved treatment technology imperative, but it appears that we must look
to land disposal to provide relief for atreams and lakes in the near-term future. Hopefully,
for the long-term, new technology will develop economic techniquea for dissipating oxidizable
carbon so that streams can handle urban effluenta with no adverse effects. Hopefully, too,
new techniques will provide gimilar means of handling livestock wastes to protect streama
from oxygen depletion.

lf Invitational paper for:
FAO Panel on Environment, 24-28 Januaey 1972, Rome, Italy, sponsored jointly by the
Government of Sweden. Views in the paper are those of the author and not necessarily
those of agencies of the U.35. Jovernment.

gf Senior Agricultural Chemicals Specialist, Technical Aseistance Bureau, Agency for Inter-
national Development, U.5. State Department, Washington, D.C., U.S5.A.



Unfortunately certain rather recent cropping pattern changes in the U.3., and parti-
cularly in the midwestern states, have not led to improvement in stream quality. Teday
millions of acres of land (1)} ars devoted to moybeans whereas formerly they were used for
barley, oate, wheat and hay, crops which provided considerable soil protection, eapecially
during periods of heavy snow melt and spring rainfall. This ie in marked contrast to the
lack of enow melt and spring rainfall. This is in marked contrast to the lack of protection
now provided by dead and shredded residuea from the soybean crop. Residues from the vast
acreages of corn ares handled similarly, and provide little protection. It would surely fellow,
fherefore, that adjacent streams are receiving much greater amounts of water runoff (1),
containing organic matter and plant nutrients, leached out of the crop residues.

FEATILIZERS BLAMED

Recently fertilizers have been blamed for deterioration of water quality in U.5.
streams through contribution of nutrients, I am not yet convinced that this is serious
because there iag very litile conclusive evidence based on a check or natural background
area for comparisen. According to Dr. Frank §. Viets {15} of the 1U,5. Department of Agri-
culture, some of the best information to date on the effect of fertilizers was obiained
in Canada on a PBrookston clay soil. Here the experiments included various crops on ferti-
lized and unfartilized plots. The amount of nitrogen and phosphorus fertilizer applied is
raferred to as "higher than normally recommended".

The T-year average composition of the tile drainage water was:

FPM
NGE-N F
Fertilized B.1 0.21
Unfertilized 6.4 0.18

Although the amounts of nitrogen and phosphorus from both the treated and untireated
plots are relatively small, they are very much more than those required for support of
plant growth in agqueous eystems. The same can be said for the results of all other similar
work I have obgerved, as for example, the data reported by Viets Elﬁ} for different types
of land use, which values average from 7.4 to 11.4 ppm of NOy-N reaching a water table at
a depth of 20 feet. :

Extremaly interoating to reflect on at this point is a publication by Drs. Stout and
Burau f17) in which they calculated the nitrate concentration in leachates frem 1.3,
prairie soils due to a century of cultivation. IF the soile contained 0.1 percent organic
niteogen in the top foot, and if one fourth was lost during 100 years of cultivation, and
one=nundredth was lost as nitrate in 12.6 inchea of percolate annually, the water would
contain 28.6 ppm of NOa-N., This leads me to the belief that in the early years of cultivat-
ing thesme soile, when rate of organic matter destruction was quite high, watera naturally
muet have been considerably higher in nitrate than is true today.

The above data cited by Viets and lines of reasoning by Stout and Burau seem to lend
strong support for looking beyond planf nutrienta, and instead considering organic matter
as the pollutant, rather than 1ts nutrientes. Perhaps only when nutrients are present to
the degree of causing an undesirable toxic salt effect should they be looked upon as
pollutante. Water can contain all essential nutrients in the best possible balance for
plants and yet be a gterile medium. Unless energy is provided for bacteria, little life
will ensue. In the laboratory, unless air (carbon dioxide)} is bubbled through the medium,
very limited production of algae ccocurs until organic matter builds wp. Dr. H.5. Swingle
of Auburn University found this out more than 20 years ago when he obtained negative results
from fertilizing fish ponds. He scon reasoned that bacteria would be necessary to generate
enough carbon dioxide for the photosynthetic plants such as algae, if they were to serve
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am the base for the food chain for fieh production. It was only after he supplied energy
sources, &3 cobtonseed meal or soybean meal, that he got goed yields of phytoplankien,
zooplankton and fish.

More recently, acientists of the Tennesee Valley Authority fartiliged paired coves
over a two year period to mee if nutrients would cause increased algae-growth for fiah
production. They found that the addition of aoluble inorganic nutrients produced no mea-—
surable effects on phytoplankton or on inorganic nutrients produced no measurable effects
on phytoplankton or on fish. Had they included a readily available source of organic
carbon, I'm sure profound effects would have occurred immediately, and that these effects
and ensuing onea would still be evident in terms of speciea of aguatic plants.

In nature, where organic matter is nearly always present, it is well established that
very small gquantitites of nitrates and mineral nutrients w 11 sustain luxuriani growth of
aquatic plants, and that certain rooted plant species obtain nutrients through their roote
{10}, Upon plant decay, these nutrients, plus thome added by wildlife and transient water-
fowl (5) are cycled over and over by bacteria, algae and other plants and animals. I can-
not, therefore, enviesion a gituvation in nature where man-induced inputs of these nutrienta
are necessary for eutrophication; otherwise how can one account for the sarth's vast coal,
o0il, and peat depomita? Likewise I cannot envieion any existing asituation where removal'
of a nutrient other than carbon from effluents could have any measurable effect on the
receiving stream or natural body of water. To be effective the principle of nutrient
removal gurely will have to be applied to the body of water itself (7). 4nd, if and when
it is, it likely will oe bzsed on the removal of one or more of the micronutrients, as by
chemical precipitation, plus harvesting of algae or other plants at certain intervala.

Slowing the process of accelerated eutrophication will indeed be difficult because
the input of both organic and inopganic carbon must be controlled. The present tremendous
volumes of human and livestock wastes dictates that ceontrcl over the organic carbon input
should take firat priority, not only for sanitary reasons, but because it offers a means
of partial control over accelerated euitrophication. But, until the inorganic carbon input
can also be centrolled, there is little hope of bringing eutrophication under reasonablae
control, especially near airports and cities,

BETTER COMMUNICATIONS ESSENTIAL

BEegardleas of what part of the world you are from, 1'e sure each of you hare is aware
that considerable affort is going forward in the (0.3. to remove phoaphorus -Crom aewaga,
prior to its discharge. Unfortunately both the people and the political decision-makers
wera led to believe that this would halt eutrophication, whereas it can lead only to wasted
effort and money (7). Repetition of this type of error muet be avoided by the developing
nations, and this will require skillful attention to communications.

Actually communicationa of elementary information on pollution sources should not
be too difficult because there are only a few major ones of asignificance:
1. Sediment, dust, and inorganic industrial wastes.
2. Organic matter:
a. Domestic animale, human, and wildlife wastes,
b. Industrial wastes,
c. Plant and animal remainas,

d. Improperly used chemicals.

i, Energy wastes:
a. Trangportation,

b. Heating and powar. ...f...



On the other hand, communications of information on how to bring pellution sources under
pontrol is gquite something else and much more difficult. All tooc often factual data are lack-
ing or not yet conclusive encugh far decision making. Thig ig the area of speculation now
occupying efforts of the "phophets of deom'", who rarely let the abeence of facte keep them

from talking and wWwriting.

Two basic conditiones now are evident, however, and these should not be difficult to
communicate to the lay community and ite decision makers, These are:

1. The human population eventually must be balanced against resources and
the abivility of a country ar region to cope with the wastes of its society.

2. People of evory nation must prepare to meet the high cost of disposing
of their organic and energy wastes while al the same time preserving the
productivity of their lands.

ESSENTIALS OF NATURE AND AGRICULTURE

The remainder of this paper 1a devoted to a4 Tew simple, although often ovarlooked,
pituations and foacte of nature and agriculture which neod {0 be understcod by deciseicon
and policy-making pecple, both in the developed and less developed naticna, if costly
mistakes are to be avoidaed.

Simplified View of XNubtrienk Cyclas

A simplified view of the earth 1e that the chemical elemente at or near the surface
and in the air are in a centinuing etate of movement, or subject to forces which can cause
movement. The cutntanding characteristic is that cutge of inorganic elemente (including
plant nutrients) from land to water greatly exceeds input over most land surfaces of the
earth. The same degree of negative balance doca not apply, however, to the non-mineral
nutriente, carbon, nitrogen, oxygen and hydrogen. With them, there is a turn-over through
the atmosphere, land, organic matter, and water, with outgo from land almost being balanced
by inputs, except for agricultural areas of the world where crop and liveatock removals are
causing a deficit and for lake sharelines, swamps and boga where plant remains are accumulat-

ing.

Nitrogen - the Mobile Element

Fartunataly, man has learned how to f x nitrogen rom the air into forme that he can
handle and uae Lo ncurish crepa. If thia had not been true, he might already be on the verge
of extinction. Tt 1s fortunate, too, that most orop plants have the ability to eyntheaslze
more protein an their supply of so0il nitrogen 18 increassed by additional fertilizer or
othear meano.

1t has beon estimated (3] thal 90 million metric tons of nitirogen are fixed biologically
on the earth every year, largely through algae 1n water and bacteria on land, and that an
additional 10 million tone are added by rainfall. This 100 million tona is almesat four
timeas the 25.6 million metric tone of fertilizer nitrogen consumed in world agriculture
in 1970. It ie only in the more advanced countriea that synthetic sources of nitrogen play
a key role in food production. These countries fix three-fourthe of the world's nitrogen,
but contain only ene-fifth of the world's people (13).

In 1968, C.C. Tanner {ld] confirmed earlier atudies that the {Fertllizar} Nitrogen
Equivalent of Dieta (FNED) ts generally related to per capita income. Tanner's work has
been confirmed by FAQ studies. The dietary method has been used to supplement other tech-
nigues for projeciing future needs feor nitrogen.

-



Based on projected dietary protein and other needs of the world in the year 2030, when
population will be 12 billion people (4 times the present level), more than 200 million tons
of nitrogen will be required to grow food and fiber. Moat of thie nitrogen will have to come
from the fertilizer factory.

Because nitrogen looms so great in man's future, and because vast gquantities of 1t are
constantly moving about in our environment, a few facts should be kept in mind. Even though
the atmoaphere contains about 35,000 tons of nitrogen over each acre, this represents only
about 2% of the earth's supply of the element, the major portion being in minerals, rocks,
and soils.

fccording to a recent review (6}, the United States [exclumive of Hawaii and Alaska)
receives 10 million tons from biological fixation., Add to this amount the 5 million reach-
ing United States soils and waters in rainfall, T million tons from fertilizers, and some
7 to 8 million tons from combustion of fuels (17) in factories, autos, and homes, 10 million
in livestock wastes, and 8 million tons which go down the sewer every year from the food
consumed in the U.S5,, and it is obvious that the amount of nitrogen transient in the environ-
ment 18 indeed very great. Still an additional source of transient nitrogen is the 20 million
tong arising from the yearly decay of organic matter in soils of the United States, 1ncluding
forest lands. About half of this is utilized each growing season by plants and scil organiama,
and recycled (12). Actually, the total or net loms is lower today than formerly. The firast
2% years of cultivation of land 1n the Midwest destroyed about 25 per cent of its original
nitrogen. During the next two 20-year pericds loascs amounted to approximately 10 and T%,
respectively (11).

But, many of these same souls still contain up to five tons of nitrogen per acre plow-
depth. In terms of nitrate, this 1a egquivalent to 4%,000 pounds per acre. 3Such esoils ob-
viously could lose 100 pounds of nitrate per acre per year for a half century and still have
at least 2.5 tons of nitrogen remaaning. The soils' reserve of nitrogen, however, should be
no less then than now because profitable cropping practices will be adding large quantities
of erop residues. In spite of this, even then our best lands likely will not be able to
aupply enough nitcogen during the growing season for optimum yields unless nitrogen ferti-
lizer L8 used.

Tr. Stanford of the U.S. Department of Agriculture {12) has emphasized that little
movement of nitrate ocours below the root zone of a properly fertilized erop, and then
only when rainfall op irpigation water is supplied in excess of that used by the crop and
rotained in the soil profile. Under most farming conditions in Europe and America there
is little opportunity for nitrogen loes by leaching during the growing season. This likely
will not hold true, however, in the tropics and needs to be studied. No doubt new slow-
reloase sources of nitrogen will be economically easential.

Hegause nitrogen ig present everywhere and because it is such a mobile nutrient in
water, land, and air, it has received very wide attention in recent years with reupect to
exceanive growth of unwanted aguatic plants, especially algae. However, if one remembers
the above figures, and considers that rainfall contains from 0.5 to 1.0 ppm of nitrogen
and that 40 some apecies of algae get their own nitrogen from the air as needed, it does
not appear likely that nitrogen from fertilizer is generally increasing aguatic plant growth.
It must be remembered, too, that only 0.3 ppm of nitrogen, or half that in ordinary rainfall,
will support growth of algae.



Phosphorus Non-Mobile

Phosphorua, unlike nitrogen, is highly immobile in soil. WNevertheless it is receiving
a great deal of attention in connection with pollution. Like nitrogen, however, it is an
sppential constituent of every plant and animal cell and thue a major component of the human
diet as well as that of livestock, pets and wildlife. Because phosphorus ia ever-prencnt
in both moil and water, and always will be, there is little cause for concern over ilL, ca=
pecially when leams than 0.01 mgfl {10 ppb)} of 1t in a lake is enough to support algal bwlooms.
Underwater depoeitis of organic matter, milt, and clay will provide enough available phorphorus
for decades to come to grow many aquatic species of vegelalion because cectain rooted ones
obtain their eupply of mineral nutrients through their roota {10). Upon death of the planta,
their nuirienta are released and are subject to being cycled over and over again by count-
less formn of agquatic life.

The soil sediment that reaches lakeo and ccaptal waters containe phosphate molecules
tightly adsorbed on the esurfaces of the clay and colloidal particles. The amount of phos-
phate thus adsorbed may amount to 1.0 ppm. Diatinction must be made, however, between
adoorbed phosphorus and phosphorus in true solution when one considecn growth of algae.

To control algae By controlling the amount of phosphorus in true solution means that the
quantity of such phosphorus muat be maintained below 0.0l mg/l and this would seem to be
impossible in most situations (7, 8, 9).

Thus 1% is difficult to envieion & water environment in nature, let a one find one,
where growth of algae, for example, could be inhibited because of lack of phosphorus.

fegarding nutrisnt input-cutput relabtionshipe, the study of nubtrient budgets for
continentn, or wiatershedn euch as the Nile or Miseissippl, seems rather uselesn except
for knowing the seriousness of the occurring loeses. On a omaller scale, however, nutrient
budgels may serve a useful purpose for areas such as a dairy farming region (4), a live-
atock Teeding area, or a small watershed.

Carbon has CGreat Significance

Over thousands of years great atores of carbon were fixed by plants and are woitl held
in soil organic matter, peat, muck, coal, and o0il depoaite. The stores in soils of many
aroas of the world are being depleted by poor Tarming practices, and ocur fuel mources are
being diossipated for heat, power, and transportation.

Ailthough blologiete and ecologista recognize how important carbon is to life processes
on earth, most have yet to recognize that at times it may be the controlling (18) or moat
limiting factor for plant growth.

Coneider firet a soll-grown crop, and look at th major nutrients required to grow
150 bushels of corn grain per acre, (including tops, grain, and roots):

N 185 lbs. to the acra
P 13 " " " "
K 255 " " " T
Ca 70 " T 1 "
5 a2 " n n "
HH 6{] " " " "
Oxygen 5 i oo W
Carbhon B " " ] "
Water 4,000 " " " "

Plug emall amounts of micronutrients.
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The earth's atmosphere over one acra, at sea level, weighs about 47,000 tons. This
weight is composed largely of nitrogen and oxygen, but contains also carbon dioxide, hydro-
gen, water vapor and inert gases in small amounts. The major components of interesi are:

Hitrogen 37,500  tons over each acre
Oxygen 9,500 woom " "
Carbon dioxide 21 " " " "

Tha 21 tons of carbon dioxide contain 5.7 tons of carbon, or only three-fourths of
the 8 tona used by the crop.

Then congider pure water which contains and can gupply much less carbon dioxide than
air. For such, many acientists now believe that carbon is the plant nutrient moat likely .
to control rate of growth of aguatic plants. Impurities of sewage, organic industrial
wastes, waterfowl excrements or decaying plante and animals furnish energy for growih of
bacteria in water which release the carbon dioxide neceasary for maseive growth of aguatioc
vegetation.

Almost always overlooked is the fast that algae reguire 100 to 200 times more carbon
than phosphorus. Cne ton of algal tissue (dey matter basis), which can grow in two menthe
per acre of lake area, will centain 1000 pounds of carbon and only 5 to 10 poundes of phosphorus.
The latter can be supplied by almost any body of water from fresh organic inputs (5) plus
the vast phosphorus stores which have accumulated over centuries in bottom muds and organie
daposita.

But, werse does the 1000 pounds of carbon come from? Ordinary water containe only
0.40 to 1.00 ppm of carbon dioxide, or the eguivalent of 0.10 to 0.25 ppm of carbon.
Pure water in eguilibrium with normal air could net possibly grow one ton of dry algae
tissue per acre in two months.

This point is 8o important that it warrants further detail and review. Organic matter,
guch as sewage, is utilized by bacteria, which evolve ihe carbon dioxide for growth of algae.
Once the process gets going, it is difficult to control, because the algae release oxygen
to stimulate bacteria and when both die, their carbon iz consumed by more bacteria, which,
in turn evolve more carbon dioxide to grow more algae (20). 4s yet, all of the details
of the complex "symbiosis" are not fully understood. Enough is known, however, to realize
that removing phosphorus or other nutrients from city effluents {(7) will not control growth
of algae in natural or man-made bodies of water (unless inputs of carbon also are controlled),

Algas often Useful

Without algae to fix nitrogen and to convert carbon dioxide into oxygen around the warld,
animal 1ife never could have developed, MNog would we have our vasi coal, oil, and peat de-
posits. [wven today algae are, perhaps, the most versatile form of life on earth. According
to Steward (11), the more extreme the physical conditions are, the more likely one is to find
blue-green algas, provided that light, water, and carbon dioxide are available at some period.
He cites two examples: In Antarctica, on rock and soil surfaces, Nostoc species [ix nitrogen
alone, or in lichen aymbioeis, at low temperaturea. HNostoo accumulates in such areas to
depths of 15 cm. as algal peat. In Yellowstone Park, USA, the color of large thermal areas
ig due largely to blue-green algae, where nitrogen fixation occurs at temperatures up %o

55°C.

Historically, blue-green algae have been beneficial in helping produce rice, the staple
food Tor over half of the world's population, because they fix from 30 to 50 kilegrams of
nitrogen per hectare per year under paddy conditions.



How Pure Need Water Be?

What degree of purity do we need, and can we afford?

Even remote mountain atreams are not pure in the sense of being sterile. Excreta
from wildlife and fish, and decaying plant and animal remains keep these streams con-
gtantly polluted in warm weather. Wild ducks use certain flyways and {frequent numerous
lakes and reservoira. A& government report E&} for a lake in Illinoisa indicates an addition
of 12.5 pounds of nitrogen and 5.6 pounds of phosphorus per acre per year bto water from
the teransient duck population.

Runaff from urban etreetes, sidewalks, rooftops, highways, and playground areas is high
in chemical nutrients. Even rainfall iteelf is nol pure when it reaches ground level but
contains many types of chemical compounds and substancea.

So, We must ask ourselves, "What i1s pure water and where do we find 1t7" We don't.
What we have in the future will depend upon the use to which it 18 to be put and the cost
each use will justify.

SUMMARY

While L% is relatively easy to determine the contribution of a city or of a factory
to the pollution load of a stream, it 18 much more difficult to do se for a farming or
forested arex. Chiefly, this 1s because of the large number of wariables plus some un-—

known factors.

Rainfall averages about 0.7 of a part per million of nitrogen. HNear livesteck feedlots,
cities, and cartain types of industrial plants, considerably larger amounts of nitrogen
in such forms as nitrogen oxides and ammonia occur in the rain., Nitrogen oxides going
into the atmosphere in the USA from automobile exhauats, homes, factories and power plants
and being roturned to land and water surfaces with rainfall is about 1T million tons a year
{16). All too often the natural and artificial atmospheric inputs are overlooked and a portion
mey end up by being assigned to the agriculiural sector. Alseo, changes ccour from time to
time in lakes and resapvoirs cauning inversions and atepped-up release of nutrients from
the bottom deposits. Whepre situations have wormened in recent years, due chiefly to citien
and industry, agriculture has received too much of the blame (for eoxample = Lake Erie in

the U.S.}.

When farmland is maintained i1n a high state of fertility with planis growing as much
of the year as posaible, very small amounts of nutrients are lest to surface or underground
water El?}. To date there is no conclusive evidence that proper fertilizer use has in-
creased the nitrate level of streams or welle {13} in the U.5., Over the past decade many
towns, cities and factoriea have added waste treatment facilities and others have improved
their degree of waste teeatment before dumping eftluents into streams. This has greatly
reduced the organic food For bacteria, and in Surn reduced the biological oxygen demand
(BOD) on the stream {15). The result 13 that both the nitrate and oxygen levels should
now be higher than when the stream was overburdensd with decompeosing organic matter.
Obvioualy, when the BOD 1s great, bacteria will use oxygen and nitrate ns they beccome
available, and neither will be present in a medium {unlesa a toxic subk.ance or cbher
condition prevents growth of bacteria).

Paired watersheds under study by the U.5. Department of Agriculture (13) throw further
light on agriculture's small contribution. One watershed in Ohio is farmed and fertilized,
and the other is in forest. The amounte of nitrogen and pheaphorus being released annually
from both watersheds ars almost the same, and very small, but encugh %o support aguatic
plants., Similar results have recently been reported from Canada {2), whepe the amount of
nitrogen in Canal Lake coming from rainfall exceeds that coming from surrounding farm lands.
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Scientiets realize that they lack sufficient information to determine agriculture's
exact contribution. It will require several years of tedious work in numercus watersheds
by skilled soil scientists and hydrologists to obtain this information.

Research programs, although meager, are seeking new techniques for disposing of
organic wastes and more effective means of conserving soil and keeping it from blowing
and washing away. When land is properly farmed and otherwise handled, little sediment
gets into streams and lakea. Unfortunately there is yet a long way to go in most countries
until all land ie properly maintained and adeugate protection provided.

Before man and hie civilization appeared on the scene, foreste and prairies released
enough nutrients to streams, lakes, and coastal waters to support eutrophication and to
gupport marine animal life. If this had not been so, there would have been no fish or
other marine animal life. The world's peat and muck soils, coal, and oil deposits are
monuments to the process of eutrophication (19). In North America, one has only to fly
from Minneapolia to Winnipeg on a clear day to observe all stages of this process over vast
areas practically untouched by man, and certainly untouched by agriculture.

People in all lande need to understand that although man has not been on the scene
very long, he has greatly accelerated the process of eutrophication by organic waate
producte from his sewage, factories, livestock and pets. He is learning how to treat
and handle waste from such sources. In due course, but at high cost, man's contribution
likely will be controlled.

People everywhere also need to be aware that both intensive research and extenasive
action programe are going to be required, and although these will appear to be costly,
in reality they will return untold dividendas because only fertile soils will support man
in the future and because it is twenty-fold cheaper to keep soil in place than it is to
dredge it out of reservoirs and lakes.

If water or health problems are likely to occcur from use of fertilizer, surely they
would have been evident bhefore now in Holland, Denmark, and Japan, where fertilizer usage
is older and more intense per unit of area, for example, than in the United Statea.

The Appendix to this paper is intended to provide anawers to some of the more fregquent
questions about agriculture and the environment. While the answers express the views of the
author, they are based largely on the writings of the persons cited below, most of whom have
published a number of additional important papers.



APPENDIX

Anewars to Commonly Askad Queationa

ARE HEALTH PROBLEMS ASSOCIATED WITH NITROGEN FERTILIZERS?

4 ropeated warning is that of associabing blue baby disease (cyanosis or methemoglobi-
nemia} with umse of nitrogen fertilizera. Records of the U.5, National Institutes of Health
and of varioup atate depariments of health, do not reveal a single inetance asscciabted with
fartilizer use., Hor 1o there a cane on record where a child has become afflicted with the
diseane from eating processed baby foods.

Ruminant animals reduce nitrate to toxic nitrite and thue are susceptible to excessive
intake of the nitrate 1on in their diets, Cerctain crops are high in nitrate and if consumed
under certain conditions, (as on a low snergy diet}, the animals will develcp toxic symptoma
and may die. In Fact, death of cows was once a commen occurrence in Wisconsin due to high-—
nitrate weeda in pastures, and in the Dakotas from grazing small [ raine prior to the time
fertilizer came into uae.

Frost or drouth during the growing season to atop protein aynthesis may cause high
nitrate in plant tissue, and grazing i1e to be avoided.

Water-related or health problems invelving fertilizers are not likely to occur in
the United States because none has yet developed in Nlolland, Denmark, or Japan, where ferti-
lizer uae is much greater per acre, covers a much higher proportion of total land area, and
goor back over a much longer periecd of time,

DOES FARMING CONTHIBUTE TO THE LEVEL OF NITRATE IN STREAMS AND LAKES?

Heaulls of the moat conclusive agricultural nitrogen study to date have recently
been published by the U.S. Department of Agriculture for the Upper Hio Grande River Valley.
Turing the past 20 yearas, when use of {ertilizer increaseod 15 to 100-fold in the Hincon,
Mesilla, and E! Paso Valleys, no increase occurred in the nitrate content of the river watera.

Analyses of Midwest streams tend to confirm that their nitrate level has not increased
in recent yecars even though use of nitrogen fertilizers and livestock feeding have more than
doublad. Where exceptions may be citad, thers appear to be other ¢ircumetances such as un—
usually heavy apring runolf from fields atanding over winter in ¢orn and soybean setubble.
Soluble nutrients from these decaying plants no doubt contribube nutrients to the runoff water.
But, where crope are woll fertilized and managed, so1l losa is minimal, as ia the lose of
nitrogen.

DO NITROGEN FERTILIZERS GET INTO WELLSG?

Witrate lertilizers acmetimes are liated aa contaminants of farm wella. Extensive
atudies of 6020 welle in Missouri, and studies in cerbtain other atates, have uncoverad no
conclusive evidence associating fertilizer use with high nitrate in wolla. The major
findings thus far are that wells with high niteate are usually shallow, poorly conetructed,
noar to a feedlot, fTarmyard, or Beplic tank, often conlaminated with opganic matter and
bacteria, or located in areas of sandy soil.
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DOES NITHCGEN CAUSE EXCESSIVE GROWTH OF ALGAE?

Although nitrogen is an essential constitutent of every living cell, it happens that
there is encugh of 1t available in rainfall to support algae growth, besides the fact that
40-some species of algae can fix their own nitrogen. Thue, no further input is neceasary,
an from fertilizer, unless one's cbjective is to grow encugh phytoplankton for fish production.
Here a program of fertilization is usually essential to get enough plankton to shade out
rooted water weada.

DOES USE OF NITROCEN FERTILIZEH UPSET THE NITRCGEN CYCLE?

Lesa than 10 per cent of the seven million tona of nitrogen applied to United States
soila is in the nitrate form. Even if all of it were applied in the nitrate form, however,
the end result would be no different than if all of it came from organic matter. It happens
that plants do not know whether their nitrate, or other nutrients, arise from an organic or
an incrganic source. Fortunately, fertile agricultural soils readily convert organic nitrogen
into nitrate, whether the source, for example, is urea fertilizer or barnyard manure.

Soile in midwestern U.3., for example, release an average of abou! BO pounds of avail-
able nitrogen® per acre from organic matter every growing season, while total loas from all
U.5. farm soils amounts to more than 20 million tons of nitrogen a year., About 10 million
tona of nitrogen enter our envicronment from nitrogen-viseing bacteria and algae, five million
tons from the atmosphere, 10 million tons from livestock wastea, and eight million tons
(in sewage) from the food we eat. When added to the nitrogen coming from food and fiber
processing industries, the total amount of it moving about in our enviromnment is wvast, indeed.
In comparison, the seven million tons of fertilizer nitrogen used to nourish growing plants
last year in the U,3. ie but a very small part.

HAS IMPROPER FERTILIZER USE DAMAGED SOILS?

: Long=-term experiments in Illinois, Missouri, Pennsylvania and England prove to the
contrary.

Plota of seoil, depleted of organic matter and tilth because of no fertilizer, or
improper fertilization, during a century of experimentation responded immediately to good
fertilizer and lime treatment once applied according to crop need. In fact, yielda were
reatored almost to normal the very firat year of adeguate fertilization.

Neighbouring plote, receiving good fertility treatments during this time, showed no
decline in yielding ability, regardless of whether the fertilizer nutrienta came from manure
or inorganic fertilizers. Also, there was never any diecernable difference in quality of
wheat or corn produced regardless of the source of nuteients, i.e., organic or inorganic,

8o long as the amounts were the same,

WHAT 15 EUTROPHICATION?

Chemical nutrients at or near the earth's surface are subject to movement by water
and air. In nature there is a continual downhill movement of these nutrients into streams,
lakea, and oceana.

When man entered the geological picture, thie movement (or water—enrichment proceas)
became more active because of working the soil to grow fopd. This caused more soil particles
and organic matter to move inte water bodies. These pubstances, for ages of time, have been
accumulating under water along the shorelines of the world.

Thue, eutrophication may be looked upon as nature's age-old genlogical proceas of supply-
ing waters with chemical nutrients. Withoul this process, there would be no coal, oil, or
muck deposite on our planet. HNor would there be marine life.



WOULD EUTHOPHICATICN BE SPEEDED UP IF USE OF PERTILIZERS WAS CURTAILED?

Yes, becauss agricultural land scon would be unable to support protective vegetation
and would be subject to natura's wind and rain storma. Hesides millione of additional acres
woild have to be cultivated.

WHY ARE ALGAE SOMETIMES CALLED TIIE KEY TO LIFE?

Because certain algae can utilize atmospheric nitrogen, they are regarded as the early
"base of life" for the storing of wawst amounte of carbonaceous matber or energy on earth.

Algae aleo are important becauvoe of the link they provide in the food chain for animal
life in aguatic enviromments.

Surely, 1f it were not for algae and other green plants, man would perish because

the process of photosynthesia maintaine carbon dioxide as a level he can tolerate in the
air he breathes.

ARE LAKES PERMANENT OH DO THEY DISAPPEAR?

No lake or body of water is permanent. Each has [our otages of life: birth, existance,
cld age, and disappearance. Examples of all atages can be found in the United States, Canada,
Alamska, Siberia, Brazil, and Africa, in surroundings practically untouched by man and certain-
ly never touched by agriculture.

Although the aging process has been accelerated by vairtue of man's activities, cne must
not overlook the contribution of sewage and other organic waste products. More than 1000
communities in Y.5.4. 8till discharge all of their wastes into water without treatment of
any kKind. An zjual number of cities employ primary treatment which removes from 30 to 40
per cent of pollutanta.

Many authorities agree that organic matter in sewage and livestock manures, when added
te poil sedimentn, conatitute our greatest water pollutants. Until and unless these are
contrelled, tax dollara apent For water quality improvement cannot result in the gquality
of water desired.

HOW DOES OHOANIC MATTER CONTHIBUTE TO ALGAE GHOWTH?

In Lake Erie, for example, organic matter from sewage, waterfowl, Fish and rooted water
plants provides Tood for bacteria to maultaiply. They give off carbon dicxide, which, along
with water and sunlight, are among the essential ingredients for growth of plants. When
carbon dioxide 1a plentiful, massive growih of algae occurs when light, temperature and
nutrients are adeguate. The process 1s difficult to control because the bodies of dead algae
and other plants furnish food for more bacteria to evolve more carbon dioxide to grow more
algae. This 138 why removal of phosphorua {phaaphuta], as from detergenis, cannot be expected
to control excegsive growih of unwanted plants. Control measures must be aimed at eliminab—
ing energy by deatroying organic matter, but aven this will not provide the desired control
in moab situations, as near to an airport or city where carbon dioxide is plentiful.
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I3 PHOSPHATE (PHOSPHORUS) THE CAUSE OF EXCESSIVE ALGAE GHOWTH?

Phosphorus, an esgential constituent of every living uall, ig wtilized by plants and
animals mainly in its phosphate [oxidized) form.

In believing that phosphorus is the key to growth of algae, and the causes of the death
of lakes, people overlook the fact that algae reguire 100 to 200 times more carbon than
phosphorus, depending on the particular algae species. One ton of algal tiseue, dry weight
basis, which can develep in six weeke of good growing conditions, in an acre of lake area,
will contain approximately 1000 pounde of carbon but only five or six pounds of phosphorua.
The latter can be supplied by the water because of the recycling of organic phosphorus from
decaying rooted plants, animal remaina, waterfowl excrement, and often from sewaze and in-
dustrial wastes. Even without these socurces, the vast stores of phosphorus from decaying
rooted plants, animal remaina, waterfowl excrement, and often from sewage and industrial
wastes. Even without these sources, the vast stores of phosphorus laid down in the bottom
mude and opganic deposites over ages of time are sufficient to satisfy demanda for it.

WHAT IS5 BALANCE IN NATURE?

When speaking of "balance of nature", a frame of reference and a time in history arae
needed. Dinosaurs did not survive. Certainly, the early American Indians, who lived as
cloge to nature as humans have at any time in history, had but a very short natural life
gpan., Was nature in balance during those times?

Until man found out how to grow plentiful and nutritious food and to combat disensea
and insects with modern-day chemicals, his own life span was very short.

Dr. Cecil H. Wadleigh, former science advisor for Natural Hesources, U.3. Departmany
of Agriculture, has said: "Make no mistakel MNature alone could not sustain the World'as
population for one day —— not in food, not in clothing. Truth is thabt nature never
maintained a balance in favor of man, or other animals, and never will."

In the days of the buffalo, wvast regions of our civer and streams were muddy wallows
and polluted beyond description. Range lands often were devoid of vegetation because of
overgrazing. Today, most of these same lands and waters are in much better condition.

I5 WATER PUHE?

Me. Dof. Wailliame, former administrator, Umited States Seoil Conservation Service, and
" one of America's most ardent conservabionists, made this statement in 1969.

"Water vapor ig pure, but when it condenses and falls intoe the earth's atmosphere,

it becomes a solvent for many substances. Pure water is seldom found anywhere in
nature. Falling rain dissolves gases, including oxygen, nitrogen, and carbon dioxide,
and carries them into the soil,

"Hater disoolves chemical nubrients in the soil and carries them into plants. This
is not pure water, but a golution containing hundreds of different chemical compounds
and subatances.

"Today, man has the knowledge to enrich this soil solution through proper use of
commercial fertilizers so as to produce his food and fiber in higher guality and

in greater gquantity than at any time in the world's history. Today, man also has

the knowledge of s01l conservation technigues to maintain agricultural lands in a
high state of productivity with practically no loass of sediment and its nubrients

to streams and lakes. Unfortunately, we have some way ye$ to go before all of our
land is protected. FBut, we do know that vigorous plant growth and goad ground cover,
often made possible with adequate fertiliszation, provide a most effective detecrent
to Bo1l ercsion and its pellution of lakes and streams.”



WEAT FERTILIZER FACTS SHOULD EVEHYBODY KNOW?

Chemical fertilizers are purified or upgraded products of nature, being recycled
back bthrough nabure by man for crop and livestook produc tion.

There is no discernible difference in nutritional quality of crops grown with ferti-
lizers, manure, or human wastes. Once in the moil, organisms free organic nutrients by
releaping them inte inorganic forms for plante to use,

Without commercial fertilizers, upgrading of dieta for the growing populationa in the
developing nations would in no way be possible, and the standard of living in the more ad-
vanced would decline at a rapid rate.
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EFFECT OF SOIL ENRICHMENT WITH MINERAL ELEMENTS AND
FERTILIZERS ON SURFACE WATER AND PLANTS

A, Cottenie

State Agricultural Univeraity, Ghent, Belgium

Introductian

[ntenaive fertilizer uae has resulted in Belgium to a considerable increase of the
chemical fertility level of agricultural scils. Therefore, a direct guantitative crop
responac to fertilizer application or omission is rarely ohserved, excepl for nitrogen.

The question whether this enrichment of the soil with fertilizer aalts contributes
to environmental pollution needs systematic ohservation and research If intensive
fertilizer use should affect the environment, its firat symptoms will concern soil and
aurface water, as well as the growing plants.

On the other hand chermical soil pollution has occasionally been observed as a
consequence of an increased cantent of elements auch as Zn, Pb, Ni, Cr etc., which
are normally present as traces, and which cause toxicity to plants at higher levels,
The following pages summarize some ohservations with respect to this problem.

S0il and soil water relationship

Every chemical which is introduced in the soil is distributed over different more
or less diglinetl fractions, Phenomena of dissolution and precipitation, adsorption
and exchange, as well as complexation, lead to an egquilibrium status which may he
represented by the following scheme:

absorhbed | —| free ions in S complexes in liguid

iona — golution P aclution phase

minerals

‘ precipitates } solid

The possibly polluting action of an clement is function of its mobile fraction or the
quantity of it, which ia capable of being transferred from the solid to the maobile
pool. If we consider the normal Fe-content of a sail, being of the order of 5%

(50 000 ppm), only some 510 10 ppm of this total quantity is normally present in the
aolution phaae. A amall part of the iron in the solid phase is able to he transferred,
due to the chelating action of organic matler, to reduction of Fe (III} to Felll} and to
pli decrease. In order to catimate the influence of fertilizer application on the



composition of soil water and water drained away from the fields into brooks and canals,
field observations and systematic experimentation ias being carried out as described below.

2.1. 5oil and Water Analysis

- A series of samples were taken from soils before and after dressing and analysed for
the fraction of fertilizer elements which are complexed, adsorbed and which remain
in solution. Therefore the soluble cations were determined in water extracts {acilf
water: }/5). These soluble ions consist of free ions and soluble complexes. To deter=
mine the soluble complexes, a cation-exchange resin Dowex 50 W (Ma-form) wasa used.
The resin is able to fix the free ions, _ﬂ:hile iwt'fir e}}oluhl_ic_+cnmplex$$ remain in solution.
For the determination of adsorbed Ca |, Mg , K , Zn  and Mn |, the samples were
pe::{_cl}_olated W-Fi-s-h 1 N NH CAc of pH 7 (Schollenberpger & Simon, 1945), while adeorhed
Cu and Fe were determined after percolation with 1 N NH40ﬁc of pH 3 (Jackson,
1958).

- Another series of samples were taken before and after a period of heavy rainfall from
brooks, where the water from the surrounding fields is gathered.

= In a laboratory experiment different soils received two doscs of N-P-K fertilizers.
After equilibration the soils were percolated with water, and the leached fertilizer
elements analyzed,

2.2, Results and discussion

2.2.1. Incorporation of the fertilizer into the soil

The origin of the soil samples and the applied fertilizers are given in table 1.

Table 1: Origin of the samples and kind of applied fertilizers.

Origin of Mr. Kind of applied - Texture claas
sample fertilizers
| .
Watervliet 198 undressed | heawvy sandy-loam
i 190 N P K (15-15-15) '
Astene I 172 undressed loamy sand
173 N PK({13-13-20)
Meilegem 168 phosphale slags, K, gandy loam
Magpgnesia lime, |
169 phosphate slags, K,
Mapneaia lime 4 CaNCN
Bottelare 176 undressed loamy sand
177 MPKI(13-9-20-5) to sandy loam
S5t. Laureins 187 undressed loamy sand
188 KCl1
Ophasselt 163 undressed sandy loam
182 NP K Mg
Wetteren 191 undressed | light sandy-loam
192 NP K MgCa (6-8-14-14-22) |
Dikkelvenne 170 Farm yard manure
phosphate slags sandy loam
171 Farm yard manure + K




In complement to the already mentioned analysis, the conductivity of the extracts,
the total N~content and the pH of the soils were alaa determined. The results are
given in table 2.

Table 2 : Results of the chemical analysis of the dressed and undressed soils.

o pHl C':::}{uh;l.-::— Ca in ppm [_ Mg in ppm . K in ppm M in
gam- H O tl‘i:’lt‘}* | | r mg;"‘lﬂﬂg
ple 2 micro il
mho per| ¢ lsc| A s | s8¢ A s |sc A
CITl
189 5.85 120 '_ o 3Ll I < 6 e el e s 1 48.5 3B, 5( 0 g7.7] 170.2
190 5,34 168 ]100.5 0| 651 3.6 |0.05 30.0 42,2 0 78.2] 145.6
172 5,70 195 (120,00 (1037 | 10.9 | 0.05 50,0 25.2 | 0 T8, 2] 150.4
173 |5.40 | 770 |562.5|0 | 863 (| 30.8 |1.35 | 27.0|| 263.7|7.25|117.3] 156.3
168 6.12 301 EISQ.Z 0 (1037 || 22.8 [0.25 |113.5( 109.5 (1.0 |[200.4) 122.3
169 b.72 439 270.0| 0 [1528 || 24.2 | 1.35 |108.0 182.5 (2.0 |205.3} 151.8
176 G.30 230 130,00 |1292 || 10.6 |{J.13 B7.5 53.5 1.0 ([141.7) 121.1
177 f. 40 305 185.0| 0 | 952 || 13.9 | 0. 18 58.0 #1.5 1.0 |[136.8) 126.4
187 b, 48 117 E?G,D a | 701 9.5 10,12 EB.Ul 26.5| 0 3. 1] 123.7
158 b.31 292 f130. 00 (1177 |(20.3 | 0.25 |103.5 90.0(0.5 a7.7( 152.1
183 |6.25| 7 | 52.5|0 |1037| 4.0 |0.22 | s5.0 21.7|7.25| 88.0| 114.8
182 6. 90 341 JZCIT,E 0 |1583 || 19.0(1.59 [117.0 42,2 [0.50 (152.5( 148.:2
131 [ 6.95 145 [ 72.5) 0 |1352 8.9 | 0.07 | 134.0 73.0 1.0 |235.6( L13.1
192 B.25 320 |32.'EI.0 01157 || 60.6 | 0,38 | 156.5] 195.0 4.5 |234.6| 128.3
170 |6.95 | 230 -i1m.ﬂ 011217 || 13.5 | 0.63 |107.0| 38.5| 0 141.7 121.6
171 7.00 252 ‘!ll‘:,lz.ﬁ 0 11648 I_!ll.U 0. 03 T9.0 A5 0 141.7) 116.4
e il o
S total amount as soluble ions,
5C : soluble complexes. The soluble free ions can be found as the difference

hetween 5 and SC
A ¢ adaorbed fraction

These results show that:
1.- the elecirical conductivity is higher in water extracts of soils which received
a fertilizer—treatment, than in the undressed soila.

2.- sgaluble Ca increaased notably in all dressaed soila. This is due to the fact that
this element is present in most fertilizers.

3,—- the K-content in the soils, treated with a K-fertilizer, is much higher than in
the undressed soila. Relative high amounts of this element are present as free
ion in solation.

4.~ Mg, present in the fertilizers, is recovered as well in the free solution as in
the adsorbed fraction.

5.~ except in one soil (no, 190}, the quantities of N found after N-fertilization were
higher than in the undressed soils.

The increase of the mobile contenta of all elements under study in soll water indica-
tes the possibility of their envichment in drainage and effluent water,



2.2.2. Drain water

Drain water from an horticultural soil receiving intensive fertilization, showed

the following compogition in comparison with the normally used irrigation waler:

irrigation drain

waler water

conductivity {wmho) 263 1340

Total salt (mg/1) 140 725

SO (mg/1) 45 385

Cl™ {mg/1) 22 65

NO3~ (mg/1) 0.6 200

NHy4t (mg/1) 0.5 1
Na (rmg/1) 7.4 26.8
K (mg/1) 4.5 26.8
Mg {mg/1) 3:3 3B. 4

Ca (mg/1) 41 197
PO,4, Mn, Fe traces traces

Tahle 3 shows the analytical results of water samples, taken at three different
places in a brook where drainwater froem the surrounding fields is gathered.

Table 3 : Chemical analysis of brook water samples before and after heavy

rainfall ("Lieve'" canal)

SO T— l'_ Before rainfall After rainfall

1 2 4 1 2 4
pH 7.40 7.75 ?.suh 7.85 8,13 7.52
Fe-content in mg/] 1.28 0.16 1.28 1.28 8.13 7.52
Mn-content in mg/1 0.51 0.50 0.60 0.90 0.30 1.04
PD4" in mg/1 1. 60 5.40 18. 30 1.30 4,10 4,20
NO," in mg/1 0.10 0.32 0.06 | 14.20 0.92 0,32
ND3_ in mg/1 3, 80 4.20 4.40 1.80 1.80 trace |
r~u-14Jr in mg/1 [ 5.30 e di] 15. 60 4.10 &.00 33,00
Na in mg/l 25.00 142.7 35.00 13.50 78.30 | 198,00
K' in mg/l 9, 30 {1 59, 80 18. 60 15.70 39.00
MgH in mg/1 14. 00 15. 80 17. 40 11. 40 12.58 9. 36
ca't 1h mgfl 33.50 121.50 35.00 || 130.00 | 120.50 | 102,50
Conductivity in
microMho per cm gO0 1180 2780 BBO 1120 1820
Salt content aa
mg NaCl/1 435 640 1650 480 604 1000




Considering the resulta given in table 3, it appears that :

P4 +t +4

1. - TheMNa , K , Mg and Ca content of the water samplea taken after rain-
fall is generally smaller than before rainfall, due to dilution. o

2.— The NO and NH contentsa increascd after rainfall, while the N03 Ccon-

tent was decreasing.

2.24,3, Laboratory experiment

Mine different soils were treated with the following dosea of N, p and E-ferti-
lizers.

Fertilizers !' M, FEDS’ K. O Doais 1 Dosis 2
i in units/ha
NH4ND3 [ 26 % M 100 200
superphosphate 18 T PZDG 100 200
KE_50 O % K_ O 0 300
PR 7 & k3

The pH, carbon content and C.E.C. of the soil samples are given in table 4.

Table 4 : Characterisation of soil samples

pH rH o C.E.C.in
Soil MNr Origin ! Walkley meq/100g Texture

HE‘.D | KC1 & Black | of soil
TIGV1RG Herentala 4 85 3.95 2095 T.50 sand
TOGV142 Waarachoot | 5.60 4, 60 2,682 11.87 loamy sand
TOGV1i44 | Peruwels L6, 25 .50 1.30 .30 light aandy loam
TIGV1IS5T | Glabbeek 6. 45 5.25 | 1.38 10.25 light gandy leam
T0GV14] Merendree 6,30 5. 05 L 2.23 11.55 gandy loam
TOGVIGED | Proven 7.75 6. 90 0. 65 14.75 gandy loam
T0GV145 | Wannegem—Lede | 5,65 4,75 1.54 9,37 heavy sandy loam
T1IGV1IET | Kieldrecht 7.B5 7,20 2. 23 19. 50 heavy sandy leam
TOGV1I43 Ath 6. 50 L | 1.42 11.25 light loam

Of each s0il 100 g were mixed with the N, P and ¥ fertilizers as mentioned
(+ blanc). The treated samples were brought into percolation-tubes, the soil-celumn
having a length of 20 to 30 crn. After percolation with 100 ml of deionised water, N
F and K were determined in the effluent {see tahle 5).



Table 5: K, P and N contents of percolation water.

Mr soil K in ppm F in ppm N in ppm

a.arﬂplra-1 Blane | Dosis 1 | Dosis 2 || Blane |Deosis 1 |[Dosis 2 || Blane | Dosis 1 |Dosis 2
56 | 13.2| 33.0 65.0 1.5 2.2 1.3 || 18.2] 36.4 | 3.0
142 | 5.7 Tt 10. 4 4.8 | 4.1 e 21.0 21.0 39,2
144 12.0 175 8.7 2.6 5.2 4,8 25.9 18.2 26. 6
157 60.0 72.0 | 131.0 LA | 19:2 13,3 20.3 18.2 19,6
141 5.52 3.6 o 2.0 3.9 Zid 15.8 21.0 36.4
160 8.3 10.5 11.4 A ) 2.8 16. 1 18.2 23.8
145 25.5 30,2 49,0 3.5 3.5 3.3 17.5 15. 4 30.1
159 31.0 42,2 41.5 0.9 1.5 = 16.8 36,4 39,2
143 142 36,5 36.5 Bt 3.7 7.4 16.8 36, 4 36,4

With these figures the percentages of the applied K and N, respectively retained by
the soil and leached, were calculated {sce table B).

Table 6: Percentlages

of applied K and N, leached and retained by the soil.

Dasis 1 Dosis 2 Dosis 1 |] Dosis 2

Soil % lea- | % retai- | % lea= | % retai- || % lea- | % retai- | % lea- o retai-
nr. | ched ned by !]I ched ned by ched ned by ched ned by

the soil the soil the soil the soil
I'sb || 39.50 a0, 50 51.75 48,25 54. 4 45 4 | 57.2 3z. g
IQZI_ 4,710 g5, 90 4.75 5. 25 ] 1010 | 27.3 Ta.7
144 | .15 Q8. E5 7.30 Gz.70 0 100 1.0 9%. 0
157 24,00 Th. 0D 71.00 29.00 ] 100 . 4] 100
t41 4 2.80 G7. 20 2,50 G7. 50 12. 6 g7, 4 A 70.5
160 | 4.30 95,70 3.10 | 96.90 6.3 93,7 11.5 8.5
145 || 9.50 90. 50 23,50 | 76.50 0 100 18.9 81,1
159 | 22.50 77. 50 11.50 | 88.50 58. 4 41.2 33.6 66. 4
143 34,55 5, 45 17.30 g2.70 5H.8 41. 2 29.4 70. 6

These figures show that the quantities of elementa being leached are very different

in function of soil properties, such as texture, humus content and pH. It has been

shown by Kolenbrander {1970) that distribution factors, calculated from column ex-
periments are not valid in field conditions, however, the observed differences may
be usefull in comparing different soils and acting parameters.

Plant reaction to chemical goil enrichment

Through intensive fertilizer use the upper part of the well known Mitscherlich

curve is often reached and yield decrease may even occur due to non equilibrated

nutrient supply or toxic accumulation of some elements.




Direct toxicity phenomena are however most observed with regard to trace ele-
ments or non essential elements, introduced by external pellution, or eventually as
plant nutrients. The reaction of plants to such situations is largely depending upon
the element and the pH of the soil. Different observations showing injury to plants
and accurmulations of elements, such as Ph, Cr and Zn in their tissues are not caused
by intensive fertilizer use, but occurred in industrial zones and were sometimes also
observed in urban gardens. The case of Pb enrichment in pasture crops along high-
ways was also confirmed; but showed to ke restricted to srmall distances, seldom

reaching 20 meters.

Soils, exposed to temporary inundation with polluted water, often show harmifull
effects, as described in the following two examples.

a.- A soil, flooded with brook water containing 120 to 560 ppm Cr and 9 to 23 ppm
Mi as a consequence of industrial pollution, showed a 0.5 N HNO_ extraclable
content of 78 ppm Cr and 23 pprm Ni, while the grass was enricheéd to 15.3 ppm
Cr and 29. 6 ppm Ni.

b.— On a meadow having a pH-H_0O of 5, 9 flooded with water of the river Schelde,
three cows died within a few days, while the analyais of so0il and plants were as

followa: (in ppm):

Fe Mn Zn_ Cu Ph B Mi ‘ Cr Mo Co

Soil extrac- . f
QL. SRMERET mannaa czson |- ez pseee] ze @ o oo | oams |zos|izas
ted with | |
0.5 n HNO, ;
normal B0 42 [. 10 : T | 20.5 - | traces
flooded [»2000 | 939 | 689 | 71 | 52 B2 |>125 j‘;’mr_‘r o B I
grasa .

narmmal 201 80 40 7 4 16 traces

Fot experiments

Sinece trace elerment toxicilies were often presumed in recent times, a series of
syslematic experiments was set up in order to obhserve the plant reactions towardas
highly increased soil contenta of trace elements at two pH levels. Therefore one
part of an acid sandy soil was treated with lime in order to increase the pH with +

one unit.

After equilibration with increasing levels of B (as NazB D?. llifll'-IEICJI'pr Mn [ as
MnS50 .4H_O), Zn (as ZrlSDqTHZD] and Cu (as CuSDd. 5H O?, successive cuttings
of Italian ryegrass were grown In pots containing 1 kg of soil. The results of these
experiments are given in tables 7 to 10, In all cases the leaf contents of ryecgrasa
with the element under consideration increased very much in functien of the treat-

ments, especially where no lime was applied.

While liming also influenced faverably the dry matter production, a consequent
yield decrease was only observed in function of the high trace clement treatments
with Cu and Zn. If we judge the toxicity of an element in function of this yield



decrease, the toxic tissue concentration levels might be estimated for Cu at the
range of + 20 ppm and for Zn at + 1000pmm (dry matter), while thetoxic level seems
not to be reached in the experiments with B and Mn. These figures however do not
correspond with any estimation concerning the eventual tpxic effects of the produced
crops towards animals.

Table 7: Boron experiment: treatment and results of plant analysis.

B treat- dry matter produced B content in plant
Soil ment fin g) - dry matter (ppm)

(i prn) lat cut Znd cut lst cut Znd cut
acid 0 a2, 74 3.28 18. 2 22.1
pr—HEO 0.5 2.69 3.63 85.0 46, 9
4. 6) 1.0 2.69 3.42 110.0 48.1

1.5 2.82 3.32 155.0 Bé. 9

2.0 2. 46 3.41 193.3 T2:5
limed 0 3..99 1.29 19.0 31.0
[pH—T'IZD 0.5 3.67 1.31 3l1.4 47.0
6, 2) 1.0 3.92 1.29 | 59.4 64,5

1.5 4. 60 1.17 76.9 93.5

2.0 3.93 1.23 107.5 109. 5
Table 8: Mn experiment : ireatments and results of plant analysis,

Mn treat- dry matter produced l[ Mn content in plant
Soil ment {in g) dry matter (ppm) |

{irgppm) lst cut 2nd cut lgt cut Znd cut l

I

acid 0 2.5 1.8 47.7 75. 6
(pH-H_ O 250 2.4 1.9 72.1 136.2
4.22) 500 2.2 e 112.5 103, 4

750 2l 1.4 134, 2 165. 6

1000 w2 L5 149.4 167.7
limed 0 | 2.9 2.4 15.3 23.2
{pH—HZO 250 | 2.0 2.0 26.0 33.1
5,28} 500 ! 2.6 1.7 41.2 84.4

750 2.8 2.2 52.5 98.0

1000 3.1 | 2.0 65.2 125.5




Table 9 : Zinc experiment @ treatments and regults of plant analysis.

Zn treat- dry matter produced Zn content in plant
Soil rment {in ) dry matter {in _p_pm}
fin ppm) st cut 2nd cuat 1st cut Znd cut
acid 0 1.27 2.47 181 186
[pl-l-H 8] 200 0,78 1.00 2100 2890
4.42) 400 0.17 - - =
600 - - - -
200 - - - =
limed 1] 1.38 1.78 117 108
I:pl'I—HED 200 . 1.22 1.57 58S 700
5.22) 400 1.08 1.63 1040 1150
600 II 1.20 .45 | 1500 2230
B500 1.04 1.056 2080 3440

Table 10 : Copper experiment @ treatments and results of plant analysis,

[Cu treat- |'| dry maitter produced Cu content in plant
Soil { ment (in g) | dry matter [(in ppm)
(i ppm) lst cut Znd cut lat cut 2nd clit
acid o 1.10 0.31. |
(pH-H_ O 25 0,92 0. 44 18,3
4. 09) 50 0,69 0.14 26,2
75 | 0.31 0.05 53. 4
limed 0. 1.55 1.31 | 9.2 12.6
{pH-—HEU 25 .47 0.97 11.9 13.9
5,25) 50 1.30 1.74 16.9 17.46
75 1.40 1.70 o | 215

Former systematic experimentation has shown (Cottenie A. et al, 1970) that the
essential trace elements may be classified as follows:

1. B and Mo , the concentration of which in the plant tissue reflects gquite truly
their presence in the soil.

2, Mn and Zn, which may also be found in very variable concentrations in the
plants, but for these elements, soil pH seemas to be the most impertant acting
factor.

3. Fe and Cu, are less variable elemenis in plant tiasues,

This means that toxicily to plants caused by one of these elements will correspond
with a different uptake pattern. For example B or Zn toxicity corresponds with
highly increased concentrations of these elements in the plants, while Fe or Cu
toxicity may cause an important yield deerease without the same enrichment of the
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plant tissues with these elements.

Meubauer experiments

Similar experiments were carried out using the Neubauer seedling method
(Nair, K.P.P. & Cottenie, A., 1967). Therefore 100 barley seedlings were grown
during 15 days in 100 g of soil mixed with 50 g of pure sand.

Vigual symptoms

Observation of visual symptoms on the growing plants and arrest of proper
vegetation growth reflecting in a lower dry matter production, were the criteria
with which toxicity effects of the treatments were estimated. The experiment with
iron showed observable reduction in vegetative growth and toxicity symptoms at
200 ppm with a gradual intensification till 500 ppm.

With zinc , the reduction in growth gradually intensified from 100 to 600 ppm.
In the experiment with manganese, where the treatments ranged from 0 to 600 ppm,
there appeared a slight evidence of manganese toxicity on vegetative growth by way
of growth reduction in the beginning of the experiment. Toxicity symptoms in the
form of leaf tip browning and yellowing, were observed at the 500 ppm level,

A first experiment with boron, where the treatments ranged from 0 to 200 ppm,
showed acute toxicity symptoms. Browning of leaf tips appeared at the 20 ppm
level. Yellowing of leaves leading to a papery white appearance, coupled with
stunting of vegetative growth, started at the 40 ppm level with a severe intensifi—
cation till the highest level (200 ppm). In a second experiment with boron, where
the treatments ranged from 0 to 20 ppm, there was no observable reduction in
vegelative growth corresponding with the treatmenta.

Sparse leaf tip browning was ohserved at 2,5 ppm level and later at 1,25 ppm
also. However, maximum leaf tip browning was observed at 20 ppm level.

Uptake of trace elements

Uptake of trace elements in ug per g of dry matter was obtained as a multipli-
cation product of content in ppm in dry matter and yield of dry matter in g.
Iron uptake showed relatively small variations, while the toxicity symptoms and
reduction in vegetative growth started from the 200 ppm level (table 11).

Table 11 : Iron treatment effects on Fe-uptake.

r T~ : Fe‘—uptake {in

I microgram)
i

control : 85. 90

100 ppm [ 95. 58

200 ppm I 83. 66

300 ppm I 83.58

400 ppm | 87.28

500 ppm ] 78.16




The effect of zinc additions has clearly reflected in uptake. At the 400 ppm
level there was a marked reduction in uptake coupled with a correspondingly marked
reduction in vegetative growth (table 12},

Table 12 : Zinc treatment effects on trace element uptake.

Muean uptake by dry matter averaged over 3
Doses replications (in microgram)
Zn Al Cu ‘Mn Fe

Control 46, 95 15.72 16,53 164,51 Bb. b6
100 ppm 124.51 20.33 17.41 215.48 0. 93
200 ppm 492.21 T, 9 25.37 354,81 147. 82
300 ppm 1000. 43 11.05 27.40 422,37 133.08
400 ppm 908. 58 16.98 24.28 240. 96 133,37
500 ppm B26.75 4.67 14, 64 153,16 101.27
600 ppm 409, 56 3.03 11.80 147.140 70,40

In the experiment with manganeae there were no obaervahble growth differences,
but the treatments eirongly influenced the Mn uptake (table 13).

Table 13 : Manganese treatment effects on mean uptake of Mn and Fe

D Mn uptake . Fe uptake
oBed | e . f
{in microgram) {in microgram)
0 222 103
50 507 -

100 910 BE
200 2186 99
300 2506 B2
400 3516 91
500 2946 73
600 2787 T0

In the first experiment with boron, discernible differences in uptake corres-
ponding with the reduction in vegetative growth could be observed. In the second
experiment, despite the absence of perceptible growth differences, a significant
difference in uptake was observed (table 14}.
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Table 14 : Boron treatment effects on B uptake,

lst Experiment 2nd Experiment
Treatment B uptake Treatment B uptake

{(ppm B) {in microgram) {ppm B) {in microgram)

contral 3l control 11

20 449 1..25 T0

410 627 2.5 69

80 474 5 223

120 280 10 319
160 282 20 551 !
2010 209 | | |
- | | ]

Digcussion

The experiments on trace elements using the Meubauer method have shown net
response of harley seedlings to treatments with iron, #zing, manganeae and boron.
The guantities of elements added were relatively high in order to obaerve at which
level toxicity phenomena would appear.

The experiments have demonstrated that while uptake is gencrally the muost
relevant factor to be considered, toxicity as manifested by growth reduction may
in some cases be found without a corresponding abnormal increasc in plant content.
In the case of iren, the relatively high level of treatments failed to show percepti-
ble differences in uptake. In the case of mangancse, despite the absence of a per-
ceptible growth reduction, highly significant differences in uptake could be obtained.
With respect to zinc and boron, growth reduction brought about corr egponding sig-
nificant differences in uptake, Significant increases in plant tissue contents and
uplake of these two elements were also observed with application rates far below
the toxicity level. The results alse show clearly in interaction effect between Fe
and Mn, as well as between Zn and Al

Generally, the lowest lreatments already showed sufficiently diacernible
differences in uptake in comparisen with the controls. Therefore, it seemas that
the response of cereal seedlings, in this case barley, is sufficiently senasitive
to reveal the existence of different soil status with respect to manganese, zinc
and boron to which this study refers. The uptake of iron on the other hand showed
no significant relation with the corresponding treatments.

Pot experiments with contaminated soils

Soil contaminated with Zn, Cu and FPh.

A soil originating from an industrial area and showing high contents of Zn, Cu
and Pb was used in a pot experiment with Perennial Ryegrass (R.v.P.)
- At a scil pH—IIzD of 6.45 the contents of these elements in the harvested plants



were: 770 ppm Zn, 25.9 ppm Cu and 18. 2 ppm Fb.

- Liming to pH-H_O 7.15 increased the yields but the tissue contents remained
still at a very high level.

-  Addition of the chelating agent E.D.T. A. to the soil caused invariably a consi-
derable increase of the same trace element contents.

- The normal trace element aituation of herbage plants is in the range of 100 ppm
Zn, 10 ppm Cu and 5 ppm Pl

3.3.2. Soil contarninated with Zn

Another series of experiments was undertaken with Zn-contaminated in com-
parison to normal seoils. An extraction with 0.5 N HN(}3 laoil-solution ratio of Vis)
showed the following Zn contents:

Soil A (highly contaminated) : 1330 ppm Zn
Scil B {contaminarted) 3 270 ppm Zn
Soil C {reference soil) H 27 ppm Zn

Table 15 shows the results of leaf analysis of plants grown on these soils.

Table 15: Trace element conlents of planta grown in soile with different Zn con—
tamination (in ppmi.

Darley leaves from Oat leaves from normal
MNeubauer pob experiment pol experirment
Zn e Mn Cu Zn Fe Mn ;» Cu
|
SollA || 1551 | 62 83 12 | 1923 b6 36 [ 3.7
Spil B | 203 3 a9 15 | 425 i1 ay _ i
Seil C T4 f24 375 12 65 B4 189 '1 3.7

Treating the contaminated seoils with D.T. P. A. and with peat did not conse-
quently alter this situation, but liming with relatively high rates of CalOH)_ caused
a substantial reduction of Zn-uptake and yield increase. However the Zn content
in plants grown on the contaminated soil remained still very high.

4, General remarks

Our observations indicate thal intensive use of solid fertilizer may result in a
certain accumulation of nutrient elements in the soil and an enrichment of soil
water with these elements. Further comparative studies with liquid and solid
fertilizers are actually carried out. #As far as our experience reaches, this type
of contamination however ie legs important than goil and plant pollution with
external sources of trace elementa, which can lead to toxic accumulations in
plants and actual yield depressions. An accurate idehtification of such situation
is possible using simple pot experiment techniques. It is our experience that the
most effective way for immeobilizing an excess of unwanted trace elements in light
textured soils, is a consistant increase of soil pH by liming.
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TWO STATEMENTS ON THE PANEL DISCUSSION

Praof. Dr. E. Welte

Univeraity of Coettingen

Statermnent on Fertilizer Nutrient Recovery

Meaning of the term: Eecovery = Nutrient in the Yield x 100
Mutrient in the applied
amount of fertilizer

The recovery value will be often misunderstood and the difference to 100% ia
explained as real losa.
The main factora influencing the recovery - value are!

1] According to the law of biochemical equilibrium no plant ia able to utilize a aolu-
ble nutrient up to 100%.
The maximum value depends on the kind of nutrient and the kind of plant.
For nitrogen this maxirmurm {theoretical) value for the most efficient planta{grasaas}

ig about 90{..

2 Lower values as the theoretical one are caused by!

(a) the amount of applicd fertilizers in the non—harvested parts of the plant
(roots and other residues);

(b} the reached production level on the yield curve. Decreasing values, if the
declining part of the curve is conaiderable {upper part);

{c) the saturation rate of the sorption or fixing capacity of the inorganic and
organic constituents of the soil {clay minerala and humus);

{d) real loss by leaching or volatilization, and on slopes additionally by run-

off and erosion.

Losses from the use of commercial fertilizers are negligible, if

- the applied amount is in agreement wiht the plant's need; ¥
- the released nutrients from the soil reserves are taken into account;
- timing and lecaling are accurale;

- the right fertilizer material is used.

Main conclusion from this statement:
The recovery value never perrmits any information about losses-

Statement on the Role and Importance of Commercial Fertilizers

Plant production in farm-systemns without any ‘use of comm ercial fertilizers is
limited hy the nutrient-flow (flux) of the soil based on weathering and mineralization,

The level of production is very low (normally <1000 kg cercala/ha) because it is
a nearly closed system — with some uncontrolled inlets (nutrients frem the atmosphere)
and outlets {loss by leaching, wvelatilization, and on slopes run-off and erosion).



The model for this aystem in which legumes are not considered may be illustrated

by @raph 1.

Nutrients
fram the atmosphere (negligibla)
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b the equilibrium stard with respect to the production level (agricultural production

climax)

Nw— I[N5 + NLi = [Nu - NRI

where MN__ is the decigive factor for the netto production. Its positive effect depends main-
Iy on the climatic conditions (weathering intensity, microbiological activity, etc.)

This systermn offers no additional potential to increase the yield. _
This ayatem is still in use in many developing countries with a high population

density.
The most effective way to make more of this system and to increase the yield
im to introduce nutrienta from outside into thia system, that means to use commercial
fertilizers or other nutrient importing material (N-Fixation of legumes included).

By this the system will be opened, getting into the function of an input-output

syatern, a model of this may be illustrated by Graph II,

In the equilibrium atate!
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With increasing amounts of commercial fertilizers N becomes more and more important
and in a high developped agriculture with a high productmn level:

y N
]\c = W

The role of the soil has changed from a nutrient releasing natural body to a turn-—
over systermn with the main function to transform the inpul material {commercial fertilizer)
into plant-food with a high degree of efficiency.

The nearly closed system of model [ necessarily included a fallow period as a

regenerating phase.
Comparing both systems { model I with model 1I ) losses of nutrients by leaching,

run-off and erosion are hipgher in the first than in the input-output = system, as already

mentioned by other apeakers during this meeting.

Commercial fertilizer use and the role of timing with respect to eutrophication.

The following graph may characterize normal conditions on arable land in many

european countries.

waler-mpeemant walpr-moegment l

cropping Segsan Bars land (1f no cover crops)
atter cropping Season



Conclusion

Application pericd for Application period for

goluble commercial F.¥.M. and other animal

fertilizer wastes

Effect Effect

Megligible nutrient More or less nutrient losses
losaes, only by run-off, ercsion and leaching

by run-off and erosion especially during the mineralization
at the beginning phase

In this and similar cropping systems eutrophication is mainly
caused by organic manure and animal excreta in connection with
mineralization processes in the organic matter of the soil.



