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INTRODUCTION

Substantial increases in agricultural production are necessary to
support rapidly growing populations in most areas of the world today.
Proper fertilizers, applied at the appropriate rate and time, are essential
if needed levels of production are to be achieved and if economic development
is to proceed. The inadequate availability of fertilizer today due to the
present shortages of natural gas and other energy resources makes proper
fertilization techniques even more important.

Nitrogen and phosphorus are two nutrients that have recelved much
concentrated interest in research., Nitrogen supplied to the soil by natural
processes is seldom sufficient to produce satisfactory yields of crops.,
Accordingly, more and more reliance has been placed on nitrogen fertilizers.

Abundant amounts of phosphorus usually exist in soils, but most of it
is present in highly insoluble minerals and is unavailable to plants. Even
vhen avallable P is applied to the soill, it can be rendered unavailable due
to reactions between soil components and phosphorus.

The marked increase in the use of N and P fertilizers in recent years
has generated growing interest in the effect of these fertilizers on soil
chemical properties, especially when applied at high rates over a period of
years. The continued use of single nutrient fertilizers may eventually
produce a nutrient imbalance in the soil through excessive removal of
certain other nutrients., Nitrogen applied at excessive rates or at improper
times may increase the probability of nutrient loss through volatilization

or through leaching and possible groundwater contamination.



This investigation was part of a long-range study lnitlated at the
Tribune Branch Experiment Station to evaluate the responses of lrrigated
corn to various rates of nitrogen, phosphorus, and potassium fertilizers.
Beginning in 1961, fertilizer was applied broadcast by hand before planting
two corn hybrids, using NHL”NO3 (34-0-0), triple-superphosphate (0-20-0, or
0-46-0 on a PO, basis), and KC1 (0-0-50, or 0-0-60 on a K

275 2
of application of each element, expressed in kg/ha, were: nitrogen: O,

0 basis). Rates

bs, 90, 134, 179, and 224; phosphorus: O and 19; and potassium: 0 and 37.
These trials have been continued with the same amount of nitrogen, phosphorus,
and potassium applied to each plot each year. In 1968 and 1969, a uniform
application of 11 kg/ha of zinc was applied to the corn test area as ZnSO4
to offset a low soll zinc condition as determined by soll tests, Since
1968, an additional 19 kg/ha of P was applied to one-half of each plot area.

Recent corn ylelds at this location have indicated no significant
response to the applied potassium or to the additional 19 kg/ha phosphorus
application., Nitrogen applications up to 179 kg/ha have increased grain
vields considerably, but 224 kg/ha of nitrogen has not produced greater
corn yields than the 179 kg/ha rate.

The portion of the study reported in this thesls was concerned with
the effect of the continuous applications of N and P on the chemical
properties of the Richfield silt loam soil, and to determine the fate of

applied nitrogen not utilized by the corn crop.



REVIEW OF LITERATURE

Soil Fertility Treatment Effects on Total Nitrogen and Organic Carbon

Long-term soil fertility treatments have been shown to have dramatic
effects on soil chemical properties (28, 32, 45, 46, 62, 68, 69). Dodge
and Jones (28) reported that in one long-term study, there was a continual
over-all loss of nitrogen and carbon over the entire 30-year cropping
period regardless of cropping system or fertilizer treatment. Fertility
treatments had relatively 1little influence on the nitrogen trends in the
soil or on the C/N ratio, Plots with the highest nitrogen content at the
beginning of the experiment suffered the greatest losses of nitrogen.

Haas and Evans (32) showed that there was a sharp decline in total N
and organic C after a 36-year cropping period in another study. Pratt and
Chapman (69) found that there were losses of total nitrogen and organic
carbon at the 90-120 cm depth after a 20-year lysimeter investigation.
They also reported decreases in exchangeable potassium with depth, and
decreases in magnesium content with increasing N treatments,

In arguing against the claim that agricultural fertilization is a
leading source of nitrates in our water supplies, Stewart pointed out that
the total nitrate-N currently available from the soil organic matter and
fertilizer is less than the soil organic matter alone furnished at the
beginning of cultivation many years ago (79). Since both total N and
organic C are reliable estimates of organic matter content and the content
of organic matter is an index of the amount of potentially available
nitrogen in a soil, it can be seen that these effects of continuous

cropping are of considerable importance,



Soil Reactlon Changes and Secondary Effects on Other Soil Chemical Properties

Of the many effects long-term applications of nitrogen fertilizers have
on the soil, the most important is probably the general tendency of these
materials to alter the surface and subsoil pH (1, 2, 12, 23, 46, 62, 66, 67,
88, 89, 90, 91). Nitrogen carriers have a direct, immediate effect on soil
acidity and a residual effect which develops more slowly (88). Residual
changes in soil pH may be in the same direction as the immediate change at the
time of application, as in the case of ammonium salts and calcium cyanamid; or
residual effects may completely reverse direct effects, as in the case of
anhydrcus ammenia, diammonium phosphate, and materials, such as urea, which
release ammonia upon hydrolysis. Clevenger and Willis (23) described the
immediate decrease in soil pH upon addition of nitrogen fertilizers as due
to a "salt effect". Wolcott came to the same conclusions after his work
with several N fertilizers (88, 90, 91).

Residual acidifying effects of most common N fertilizers are generally
in the following descending order: mono-ammonium phosphate, ammonium sulfate,
ammonium chloride, di-ammonium phosphate, ammonium nitrate = anhydrous
ammonia = urea = ureaform (66, 88, 90). Calcium nitrate, sodium nitrate,
potassium nitrate, and calcium cyanamid possess a residual basic effect on
most soils.

The increased acidity of soils due to continuous applications of
nitrogen fertilizers has several indirect effects on other soil chemical
properties, Abruna, Pearson, and Elkins (1) found that heavy applications
of ammonium nitrate and ammonium sulfate caused severe reduction in
exchangeable base level after only one year of applications. He reported
that exchangeable K was lost from the soll faster than other bases, An
indication of a subsoil zone of accumulation of bases leached out of upper

horizons was observed,
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Adams et al. (2) found that annual applications of N fertilizer
exceeding 224 kg/ha reduced soil pH, and that the higher the N rates, the
deeper the profile pH ﬁas affected. The movement of calcium and magnesium
downward to the 30-45 cm zone confirmed the effect of pH on these cations.,
In another study, ammonium sulfate applied at a rate of 38 kg N/ha lowered -
soil pH from 7.4 to 6,0 after 5 years (12), The effect of ammonium nitrate | :
was less pronounced, and calcium nitrate had no influence on pH. The pH
changes only had slight effects on exchangeable and soluble cations.

The use of high rates of residuallf.acid nitrogen fertilizer caused 2
appreciable downward movement of calcium and magnesium salts in a study by ;%g
Hiltbold et al. (35). In a Michigan study (91) the effects of ammonium <
sulfate and calcium nitrate bn exchangeable base étatus were compared. Total
exchangeable bases (K + Ca +_Hg) declined conslstently from year to year at
all sampling depths, regardless of treatment.

Nitrogen sources can indirectly effect micronutrient availability )
because of changes in soil pﬁ. In a study reported by Leo, Odland, and g
Bell (35), long continued ﬁse of ammonium sulfate increased soil acidity
and also increased the solubility of toxic aluminum. There was also slight
downward movemeht of organic matter, which increased subsoil organic matter
content, CEC, and led to a wider C/N ratio in the subsoil, Viets (84)
found that poor aeration (low redox potential) coupled with low pH increased
the amount of water-soluble manganese and iron in soils but had little effect
“on gzinc and copper. Copper availability is dependent upon soil pH but does
not normally increase appreciably until pH falls below 5.0. Manganese
availability increases markedly when the pH falls below 5.5. Field

studies with corn in Michigan showed that acidifylng nitrogen carriers
increased the uptake of manganese, zinc, and-borbn, while tending to depress

the uptake of molybdenum and copper (90).



Owensby et al, (62) observed that high rates of nltrogen applied to
bromegrass lowered soil pH in thé upge?_15 em of the soil profile. In the
15-30 cm depth, only the 224 kg/ha N rate lowered the pH significantly. /<
Exchangeable potassium decreased with nifrogen rate initially, but increased
at the higher rates in the upper portions of the soil profile. This
increased aﬁailability was linked to increased acidity at those levels.

Boawn et al. (12) showed that high rates of applied N had no pronounced
influence on P availability, but the resultant lowered pH did increase the 63
availability of manganese. Very low soil pH may decrease P availability .
due to the formation of insoluble iron and aluminum compounds containing
phosphorus. Pierre and others (67) noticed that with high nitrogen
application rates developed acidity was much less than the theoretical
amount expected. They reported that this was due to the low excess base
compared with nitrogen in the harvested crop. They also speculated that
there were large losses of nitrogen due to denitrification without an
equivalent loss of bases. Dancer, Peterson, and Chesters (27) found that
as.soil pH decreased,.the'rate of ni?rate accumulation decreased and the
length of the delay period before nitrate-nitrogen started to accumulate
was increased.

In a study by Broadbent and Tyler (19) utilizing ammonium chloride
and potassium nitrate, nitrogen immobilized in the soil from the ammonium ?é
source increased as pH increased, whereas the reverse was true of the
nitrate source. These results appear to be related to the physiological
acidity or alkalinity of the nitrogen source, Use of residually acidic
fertilizers on a calcareous soil tends to lower pH, but also increases the

probability of immobilizing some avallable nitrogen.



Cornfield (26) found that acid soils tend to accumulate organic
nitrogenous residues to a greater extent than do solls of high pH and that
the nitrogen in such residues tends to mineralize readily if soil pH is i é
increased. He also found_that nitrate accumulation occurred more rapidly g
in soils having a pH gréatér than 6.5. Ammonium accumulation was generally “
high in acid and low in neutral and alkaline soils (25). Generally, soils
that fix ammonium under molst conditions have low nitrification values.

While the effect of nitrification on soil acidity has received
considerable attentioﬁ, any effect that nitrogén volatilization might have
on acidity has been ignored, Hiltbold and Adams (35) noted that nitrifica-
tion of an added ammonium salt creates acidity equivalent to the ammonium
oxidized plus the anion with which it 1s associated, Gaseous loss of
ammonia or volatilization of nitrogen dnring.nitrification effect a removal
of potential acidity equivalent to the nitrogen lost. Denitrification of
nitrate results in formation of OH equivalent to the nitrate reduced
and volatilized. The frequent unaccounted losseé as well as low recoveries
of applied nitrogen by plants indicate that volatilization may appreciably
effect the soill acidity resulting frém N fertiligers,

As soils become more acidic over a period of time due to nitrogen
fertilization, the leachates in the upper horizons tend to show greater
acidity than do the soils themselves, As these leachates move downward,
the lower depths decrease in pH also. On acid-sensitive crops, low pH may
inhibit root growth, thus allowing less utilization of nitrogen deep in the
soil profile (2).

Abruna (1) observed that excess soll acidity from long term nitrogen
applications may also effect activity of soil microorganisms, The optimum
pH of nitrification is about 7.5 to 9.0, so nitrification may be retarded

if the soil pH is decreased too much,



Continuous nitrogen applications have been shown to have secondary
effects on the avallability of soil phosphorus. Grunes (31) found that
additions of nitrogen fertilizers to the soil can have both a salt effect
and a pH effect on phosphorus availabillity. In calcareous solls, the salt
increased the solubility and hydrolysis of the calcium carbonates to produce
a higher calcium ion concentration which in turn reduced the phosphate
concentration., Residually-acidie N fertilizers slowed down reversion of
soluble phosphorus fertilizers to a more insoluble form and brought more
phosphorus into solution from the reaction product of the soil and the P
fertilizer,

Lorenz and Johnson (49) found that the physiologically acid ammonium
salt, (NHu)zsou, effectively released native soll phosphate better than

NH,NO, on a fine sandy loam soil with a pH of 7.8. Olsen et al, (60)

3
discovered that phosphorus solubility in calcareous soils in Colorado
increased rapidly as the soil pH decreased. Lowering the pH of alkaline
soils was found to increase the phosphorus in solution (21, 68).

Owensby et al, (62) found that high nitrogen rates increased the
availability of phosphorus in the surface 15 cm of soil in a study in
Kansas, Rennie and Soper (72) found that increased utilization of phosphorus
occurred only when the applied nitrogen was in the ammonium form., Nitrate
sources of N were relatively ineffective, They attributed this to the fact
that the ammonium ion indirectly influences the plants' ability to take up
phosphorus, but does not effect the avallability of the applied phosphorus

2

fertilizer., At higher soil pH levels (7-9), HPQu_ is the dominant ionic

form of P, and is less readily absorbed by most plants than the H2P04_

lonic form found within the pH range 5-7.



Effects of Continuous Fertilization on Nitrate Accumulation and Leaching

Oxidatlion of ammonia to nltrate resulis in replacement of the baslc
ion by hydrogen and the conversion of nitrogen to a mobile form in which
it may accompany soil bases in leaching (35). Much work has been conducted
involving accumulations of nitrate in the soil, Bates and Tisdale (9)
found that the form in which nitrates are added to the soil, the nature of
the accompanying ion, and the physical placement of the salt in the soil
all contribute to the net movement of nitrate-nitrogen in the soil. Upward
movement of this ion is influenced by the movement of capillary water
resulting from surface evaporation,

Gardner (30) found that correlation of nitrate leaching losses with
rainfall is not as direct as might be expected. He hypothesized that the
distance which nitrate will move downward depends not so much upon the total
rainfall as upon the amount of rainfall which actually passes through the
so0il, In a comparison of two application methods of ammonium nitrate
fertilizef, Nelson (58) observed that there was little movement of ammonium-
nitrogen, but nitrate-nitrogen moved downward about 56 cm during the growing
season,

Johnston et al. (40) found that large percentages of applied nitrogen
were lost in tile drainage effluent from silty clay loam solls. He observed
that most nitrogen lost was 1n the nltrate form, but some was in the form of
NHB' NO2 and even organic nitrogen., In a study by Stewart et al. (80), more
nitrate-nitrogen accumulated under irrigated fields than under dryland
cropped conditions in eastern Colorado.

Olsen et al. (59) found that the total amount of nitrate-N in soil
profiles was directly related to the rate of nitrogen applied., Other
researchers have found that nitrate movement in the soll over time 1s not

as great as would be expected.
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Peterson and Attoe (65) found that on well-drained silt loam soils
and with moderate ralnfall, losses of nitrogen by leaching were small,
They observed that most of the nitrate-nitrcgen not removed by the crop
was found in the soil within ithe root zone. Moore (55) found that nitrate-
nitrogen movement through the soil was considerably slower than movement
of the percolating water,

larson et al. {(45) observed an apparent lack of nitrate-N movement
and accumulation in fine-textured scils under northern climatic conditions
even under high rates of continuous nitrogen fertilization. Boswell and
Anderson (13) found little movement of mineral nitrogen in a sandy clay
loam and a loamy sand after 5 months. Even with high accumulated rainfall,
appreciable amounts of the applied N were evident at 1-2 meter depths
18 months after nitrogen was applied to fallowed plots.

Data obtained by Herron et al. (34) shows that nitrates in large
amounts accumulated during a three-year period in Nebraska, but it apparently
stayed wifhin the root zone even under irrigated conditions., Accumulation
of nitrate-N below 180 cm has been found to be very slight in these soils.

Cornfield (25) found that nitrate-nitrogen accumulation in incubated
solls was significantly correlated with total nitrogen and organic carbon
contents, Pratt and associates (70) found that in order to ascertain
nitrate-N concentrations in the unsaturated zone (the area below the root
zone and above the water saturated zone), it is necessary to know (1) the
" volume of drainage water, (2) the yearly excess of nitrate available for
leaching, and (3) an estimate for denitrification.

Since nearly two-thirds of the total annual precipitation occurs in
the northern great plains region during the May-September period, leaching

during winter months 1s usually not a problem in this area (34). The
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usual period when heavy rains are likely to occur and which might cause
leaching of nitrates in soils would appear to be spring when cultivated
crops are not yet established. Herron et al, (34) summarized that
utilization of residual nitrate-nitrogen by plants would appear to be the
best and most practical method for preventing bulld-up of nitrate in the
soil profile. Olsen et al. (59) stated that the most effective methods

for limiting the amounts of NO,-N passing through the soil profile include:

3
maintaining a crop cover on the land as much of the time as is feasible,
reducing the acreage and frequency of crops that receive fertilizer-N in
the rotation, and limiting the rate of N fertilization to approximately
that required by the crop.

Nitrates can accumulate near the soil surface after extended dry
periods (75, 77, 87). Simpson (75) argued that nitrate-nitrogen is
microbiologically assimilated during progressive drying of the topsoil
and is protected by the dry conditions from leaching or microbiclogical
reduction. He hypothesized that transport of nitrate ions to the surface
in the scil sclution by capillary transport is not responsible for the
major nitrate accumulation near the soil surface.

Stephens (77) also postulated that most accumulations of nitrate in
the topsoil are probably due to the microbiological manufacture of nitrate
during nitrification. During dry spells in Uganda, a limited amount of
upward movement of soil solution can occur and this gave rise to some
accumulation of nitrate in the surface soil,

Wetselaar (87) stated that accumulation of nitrate near the soil
surface in Australia must be physical movement, because soll temperatures
were too high and soll water content too low for biclogical nitrification

processes to take place, He also rebuked photo-chemical oxidation reactions
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of nitrate formation because of shallow penetratlion of ultra-vioclet light and
the adverse effect of the heat component of radiation on decreasing nitrate
content in the surface soil.

Ammonium-Nitrogzen Losses by Volatilization

When materials containing or yielding ammonium are applied to the soil
in the irrigation water or by Eroadcast methods followed by irrigation, the
greater portion of the ammonium is adsorbed at or near the soil surface
(38, 39)., The equilibrium reactions between the soil base-exchange compounds
and the soil solution adjust so that ammonium compounds are present in the
soil solution as long as ammonia exists in the adsorbed state (50). If
the soil solution is alkaline, then a part of the ammonia will be present
as hydrated ammonia, ammonium hydroxide, ammonium bicarbonate, and ammonium
carbonate, depending on the alkalinity, concentration and other f§ctors.

Ray et al. (71) found that migration of ammonium-nitrogen is closely
related to the movement of water, The magnitude of migration is dependant
upon such soil characteristic as texture, organic matter content, and CEC,
There is less retention of ammonium-nitrogen in sandy soils and movement is
predominantly downward and lateral. In finer textured soils, such as loams
and silt loams, ammonium-N movement is more symmetrical with slightly greater
upward and lateral movement than downward movement.

According to Allison et al. (3), subsoils can fix much more ammonium-
nitrogen than surface soils, They also found that considerable moist
fixation can occur in soil if the predominant clay mineral ié 111ite or
vermiculite, and these values are increased by drying and heating.

Nitrogen fertilizer losses as gaseous N compounds must be evaluated

before the effects of continuous applications of nitregen fertilizers on the
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s0il can be accurately measured, Losses of fertilizer in irrigation or
rain water run-off must also be determined. According to Moe et al. (54),
applied ammonium nitrate fertilizer, because of its high ionization, is
adsorbed and held near the soll surface. A more non-ionized N source,
such as urea, is carried further down into the soll with the‘first
increment of rainfall and therefore is less subject to surféce run-off
loss., Urea is rapidly hydrolyzed to ammonia in the soil and little loss
as nitrate-N occurs. Moe further states that run-off losses of surface
applied N fertilizers are greatest when the fertilizer i1s applied to very
wet soils or to fallow soils having a surface seal.

There is widespread agreement among investigators that ammonia can
be lost readily from the soil by volatilization (39, 48, 50, 86). Allison
(h) states that ammonia volatilization losses from the soil, under suitable
conditions, may amount to 25% or more of the ammonia added or‘formed.ﬁ
Kresge and Satchell (44) observed that no ammonia was volatilized from
ammonium nitrate as long as the soil pH did not rise above neutral. Losses
increased markedly at pH values above 7.0. Losses from alkaline soils

containing much NH, near the surface increased as soils became dry. There

3
were also high ammonia losses from soils with low CEC.

Jewitt (39) found that substantial guantities of N added in the form
of ammonium sulfate to alkaline soils was lost. According to Martin and
Chapman (50) evaporation of water was necessary for appreciable volatiliza-
tion of ammonia from the soil to occur. Losses increased as temperatures
became higher,

Meyer et al. (53) also observed that NH., losses were greatest when

3

such fertilizers as urea, urea-ammonium nitrate solutions, ammonium sulfate,
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and ammonium nitrate were applied to neutral to alkallne soils under
conditions of limited rainfall. Losses were magnified by the presence of
crop residue on the soil surface and accentuated by cool temperatures which
limited nitrification. Fuller (29) observed that volatilization losses from
ammonium-containing fertilizers under aerobic condlitions are greatly reduced
by placing the fertilizers below the surface of the scll. He also stated
that losses of volatilized ammonia formed by mineralization of organic
compounds in the soll are rarely significant.

Yaalon (92) found that ammonia concentrations in monthly composite
rain water samples collected in Israel showed marked dependence on soil
temperatures, increasing significantly as soils warmed up in the spring.
He attributed this to the release of pedogenic ammonia from calcareous
soils at the beginning of the warm spring. Losses from ammonium-containing
fertilizers were also considered a contributing factor.

According to Robinson (73), ammonification decreased when soil
moisture level decreased below the permanent wilting point (PWP), but
still took place quite actively at low soil moisture levels. BSince
nitrification was retarded at low moisture levels, there was a consequential
build up of ammonium-N, After 8 days of incubation at 3500, little nitrate-N
was found in soil that was alr dry prior to incubation, whereas nearly 10 ppm
ammonium-N were found, At moisture levels below PWP, ammonium-N started to
accumulate, while nitrate-N levels remained constant.

Nitrogen Losses Due to Denitrification

Bremner and Shaw (14) described denitrification as a biological
process whereby nitrates are reduced to gaseous nitrogen compounds such as

nitrous oxide and molecular N. They concluded that denitrification occurs
only when the oxygen supply in the soil is restricted. Arnold (8) and

Jones (41) support this viewpoint.
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Wagner and Smith (85) determined that nitrous oxide (NZO) may account
for a large part of the nltrogen loss under denitrifying conditions, They
reported up to 85% of the applied urea nitrogen was lost from a treatment
in one study. They also noted that clay soils normally lose more nitrogen
due to limited aeration that favors denitrification.

Mlison (4), who has stated that nitrogen balance sheets often do not
account for all the nitrogen originally present in or added to well-aerated
soils, verified that soil nitrogen can be lost as nitric oxide, nitrous
oxide, NH3 and Nz. Soils which are approaching saturation with moisture
rapidly release large amounts of their available nitrogen as nitrous oxide,
At lower molsture contents, very slow evolution of the gas can take place
(8).

Bremner and Shaw (14), Clark et al. (22), Meek et al., (52), and
Patrick and Wyatt (63) all described conditions that enhance denitrification
in the soil, The rate of denitrification increased with a rise in pH,
temperature, and moisture content (14). The instability or reactivity of
nitrous acid in soils is primarily responsible for the large volatile losses
of N commonly observed during the course of the mineralization and nitrifi-
cation processes in many well-aerated soils (22).

Broadbent (16), Broadbent and Stojanovic (17), and Jannson and Clark
(37) all found that appreciable denitrification can occur under apparently
aerobic conditions, Kefauver and Allison (43) observed nitrite reduction
under aerobic conditions,

Work by Meek and MacKenzie (51) tended to eliminate the accumulation
of nitrite as a factor causlng large losses of gaseous nitrogen from
alkaline soil under aerobic conditions., In another study (74) little N20

was found under alkaline soll condltions, but N20 production exceeded N2



16

production under acid conditions. Fine textured soils showed a tendency to

lose more N, than N.0, and ammonium nitrate treatment favored evolution of

2 2
nitrous oxide, Smith and Clark (76) found no loss of nitrogen as either
nitric oxide or nitrogen dioxide from moist, aerobic soil., Nitrite can
accumulate in soil as a lag phase in nitrification under alkaline conditions
unfavorable to Nitrobacter spp. (56, 85).

Loewenstein et al. (48) showed that denitrification and nitrification
in the soil proceeded simultaneously. They speculated that nitrates produced
in the aerobic soil area moved to oxygen-poor regions and became subject to
denitrification. Aerobic areas in the soil may have become anaerobic as a
result of rapid oxygen consumption or because of concurrent 002 evolution
by the soil microflora, Broadbent and Clark (18) have noted that the
reduction of nitrite under aerobic conditions as a factor of denitrification
may be of considerable importance, since nitrite may be formed in soils
either from reduction of nitrates when oxygen is lacking or from oxidation

of ammonium when oxygen 1is adequate.

Effects of Phosphorus Application on Soll Chemical Properties

Applications of phosphorus fertilizer over a continucus period of time
also have been shown to have an effect on the chemical properties of soils.
Several researchers have found that inorganic phosphorus is quite immobile
in the soil and does not move far from the point of application (40, 68, 82).
Soluble P rarely moves more than 2 or 3 cm from a fertilizer granule before
reaction with soil components essentially stops further movement. Repeated
applications will result in slow downward movement to 10-15 em, This limited

movement of P in the soll indicates the need for initially placing fertilizer

P in the proper position for maximum effectiveness,
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According to Taylor (82), essentlally no phosphorus moves downward by
water percolation because most fertillzer P is converted to water-insoluble
forms rapidly after application to the soil., Phosphorus immobility is due
to the elements' strong adsorption by finely divided mineral soil particles
of the clay fraction (40, 82).

When soluble phosphate fertilizers are added to calcareous soils, they
react with Ca.CO3 through rapid monolayer sorption on CaGO3 surfaces, and, at
high phosphate concentrations in the vicinity of the fertilizer particles,
the precipitation of dicalcium phosphate and tricalecium phosphate or even
apatite-like compounds (24),

Phosphorus moves in a calcareous soil primarily in organic forms {33).
Addition of a microbial energy source to the soil increases the movement of-
organic P significantly, but no increase in the movement of inorganic
phosphorus is obtained., Higher plants are unable to utilize the organic
phosphorus found in the soil solution (33).

Bingham and Garber (11) found that on alkaline soils heavy phosphorus
applications of 1,000 kg/ha resulted in acute copper deficiency, but both
copper and zinc solubilities were increased by excessive P fertilization.
These heavy treatments reduced the availability of molybdenum in alkaline
soils., Zinc uptake was the same regardless of level of phosphorus treatment,
whereas manganese, iren, and boron avallability was increased with the heavy
P treatment.

Effects of.Fertilizer on Zinc Availability in Calcareous Solls

Most zinc disorders in plants occcur in calcareocus soils. Residually
acidifying fertilizers applied to calcareous soils have been shown to
increase the avallability of several micronutrients (11, 84). Zinc

availability is often a problem on calcareous solls, owlng to the ability



18

of calcium carbonate to transform zinec to sparingly soluble compounds (57).
Zinc may be fixed at the surface of CaCO3 particles, The greater the level
of GaCO3 of the clay fraction (carbonate clay) the less available the soil
zinc. Jurinak and Bauer (42) also described this unavailability of zinc
in calcareous soils as being due to zinc adsorption by carbonates or
precipitation of zinc hydroxide or carbonate. Some solls retain an+ as

strongly as zinc silicate, and more strongly than zinc hydroxide or

carbonate (83).



METHODS AND MATERIALS

The study consisted of a randomized complete block design with 5
'replications of 36 treatments. Only 3 replications of 12 treatments were
sampled since previous corn yields indicated no significant response to
applied potassium or to an additional application of 19 kg/ha of P to
half of each plot (Table 1),

The experimental area was located east of Tribune in Greeley county
on the Experiment Station's irrigation site. The soll of the experimental
area is a Richfield silt loam, which is a fine, montmorillonitiec, mesic
Typic Arglustoll, It is a deep, well-drained, nearly level (0-1% slope)
soil of the uplands, developed from calcareous loess, The Richfield soll
has a dark grayish-brown silt loam surface layer over grayish-brown silty
clay loam subsoll, which grades to lighter colored, very friable calcareous
silty clay loam at 10-18 inches., Previous soil analysis data from the
experimental site are indicated in Table 2.

Soil Sampling, The first replication was sampled on January 23, 1972,

and the other two replications were sampled on February 20-21. Soill core
samples were taken with a truck-mounted hydraulic soil probe (Figure 1).
Soil core samples were taken with a 5 cm diameter, 1.2 m slotted stainless
steel sampling tube, The sampling tube was inserted into the soil to a
depth of approximately 1 meter and removed with an intact soil core inside.
The sampling tube was removed from the drive head and placed on a channel
board with a meter stick mounted on one side of the channel. The inﬁact
soll core was removed from the sampling tube with a wooden dowel and
placed in the channel board for sectloning (Figure 2). The soil core was

cut into 5 em inerements for the first meter., The coring process was



20

sjo1d 8y} JTeY 03 poppe oxem snxoydsoud ey/Sy 61 /T
BY/SY ‘eanjysTou %G'ZT 0% peydszzopy [T

13446 299°0T 299°0T 29901 OHG'IT €62'21  LSEf2T €6 LET6 g20'‘sg LE BT H22
22L46 8BL‘OT  ZE£G5°0T 88L°0T Q4TI 0EZ*ZT £62'ZTI Tih'6 B s 820°‘g LE 6T 64T
0226 19101 016‘6 T97°0T £16°07T tH8'TT  OHG ‘Tl 906°g 2tk 'g #1°8 L6 6T 1T
160°8 3'8 814’8 e ‘g 1848 20T 982°0T gz0‘g 9 AP g20's LE 6T 06
L6E'9 ¢eo‘sd To0h*L G20l 685 ‘4 906°g CHE'6 968°G 1€€'g 1€€°¢ LE 61 G4
£94°€ oz ‘Y goz'h G92'4 e '€ 902G L51'G 661 °C Tz ‘¢ +Ho'e LE 61 0
rAAR C2L'0T  LES'OT GZL'0T  84K'TT G ‘2T 891‘eT g0h*6 88 048 0 61 22
65946 LEGOT  009°0T LEG'OT  H58°TT 0€2‘2T  L16'TT goH‘6 62'g t#%1'g 0 6T 641
€826 860°'0T  GEo0‘0T 860'0T T0T'TI L22'TT 16811 €656 9128 ARV 0 61 +t£T
912°8g 2€0'6 2€0°6 2€0'6 77 6t£°0T  4Ah'0T %18 To' 4 0814 0 61 06
€259 ToH'4 T0H‘L ToH'L 280"°4 906°g #60°6 +80°9 C19°S €qT's 0 61 &4
004°¢€ 82 ‘4 g9z’ g8ze 'Yy 05H'E L5h'S 892G 1749 S 0sH‘C 24542 0 61 0
659'g 982°0T 184°S 982‘0T 44B‘6 GOT‘2T  009°0T tR‘g 912‘sg £06°L 0 0 +#2z
£65'g 6H£ 0T £65°8 6t£°‘0T 8T4‘8 95€ ‘2T  LES‘oT '8 6.2°8 Hoh‘8 0 0 64T
C96°L 6596 g20‘g 65946 1848 ZZ'TT  €€6°6 €06°L 1608 gECL 0 0 11
[ PAFS BTL‘8 g20'g 8148 Lot‘s LEGOT  22l'6 Toh 4 GTL L 924 0O 0 06
LHT'9 296‘9 2969 296°9 942"*4 L91‘g 0£6 ‘g Hee's 892G aH9's 0 0 &%
GLG'E \M@mm.i ont‘y \mmmm,j 66T°¢C \m&ma.m 080G 4692 0SH'E 605 °2 0 0 o
BU/5Y

*EA® *FAe £L6T 0467 4961 1961 1961 I 4 N
€4-T96T £4-896T Jusu}esL]

*UI0D POYEITIIT MO\ﬂﬁHwﬁh ey3 uo unyssejod pue ‘snroydsoyd ‘usfoxyTu JO £300FI¥ T SIqel



21

Table 2. General soil analysls date from the experimental area prior
to the current investigation.

(Composite samples)

Organic

Matter pH Avail, P Exch. K
% pp2m pp2m

Corn: 1961 1.4 7.9 H 550+
Nov., 1964 N only 1.5 7.8 13 550+
N+P 1.4 7.8 30 550+
Nov., 1967 N only 1.4 7.9 s | 550+
N+P 1.5 7.9 37 550+
Dec., 1970 N only 1.7 7.7 16 550+
N+P 1.7 7.7 32 550+

repeated until a composite core of 4 meters had been collected. The
lower 3 meters were sectioned into 20 cm increments. Two cores were
collected from each plot and combined into a single composite sample.
Samples were placed in soil sample bags foi transportation to the laboratory.
Since two 20 cm increments from the duplicate cores (5 cm diameter) would
not fit into a sample bag, it was necessary to split these sections along
the vertical axis and retain half of each section.

Samples from the first sampling date were returned to the laboratory
and placed directly in a forced air oven and dried at 5508 for 4 days.
The dried soil samples were then ground with a hammer mill, screened
through a 1l4-mesh screen, mixed and stored in sealed glass bottles, The
samples from the second sampling date were frogen for approximately 1 month

before being dried and ground,



Fig. 1. Truck-mounted hydraulic soil probe used to obtain soil
core samples.

Fig, 2. Method used for sectioning soil cores into desired
increments.
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The soil samples were analyzed for NH4+FN, NO.-N, total N, pH,

3
available P, extractable Ca, Mg, Na and K, CEC, extractable Cu, Fe, Mn and

2
3

Ammonium and Nitrate Determinations. A steam distillation procedure

Zn, total €, €0,“ -C and organic C,

outlined by Bremner and Keeney (15) was used for NH4+—N and NOB--N
determinations. A 4 g portion of each sample was weighed and placed in a

300 m1 distillation flask along with 20 ml of 2M KC1 and 0.2 g of MgO. This
mixture was steam distilled and 25 ml of distillate were collected in a 5 ml
aliquot of 2.0 percent boric acid-mixed indicator solution.1 The 30 ml
mixture of indicator solution and distillate were then titrated with standard
0.00557 N sulfuric acid from a 5 ml microburet graduated at 0.01 ml intervals.
Blanks of deionized water were used to correct all samples. Results were
calculated in ppm NH4+~N.

Nitrate-nitrogen was determined on the same soil sample following
ammonium-nitrogen determination by adding 0.2 g of ball-milled Devarda's
alloy to the distilling flask and immediately distilling another 25 ml of
distillate into 5 ml of HBBOB—mixed indicator solution. The sample was
titrated with the standard sulfuric acid and the results calculated in
ppm NO,, -N,

2
Total Nitrogen. Total soil nitrogen, excluding NO

3 -N, was determined

on a 1 g soil sample by the macro-Kjeldahl procedure described by Jackson (36).

1Indicator solution consisted of 20 g H BO3 and 20 ml of mixed
indicator dissolved in 700 ml of warm water gnd brought to a 1 1 volume;
adjusted with 0.05 N NaOH until 1 ml of mixed indicator solution added to
1 ml of distilled deionized H, O gave a bluish-green color, Mixed indicator
solution made up by dissolving 0,99 g of bromocresol green and 0.66 g of
methyl red in 1 1 of absolute ethanol.
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pH. Soil pH was determined by adding 5 ml of distilled water to 5 g
of soll, stirring the mixture, and measuring the pH after 20 minutes by
standard potentliometric methods,

Available Phosphorus. Phosphorus was determined as weak acid extractable

P using the Bray-1 extracting solution with subsequent colorimetric deter-
mination. The extractant used was 0.03 N NHuF and 0,025 N HCl. The color
development of the extracted solution was by reduction of the solution with
1-amino-2-napthol-4-sulfonic acid to allow formation of a phospho-molybdate-
complex,

Extractable Cations, Extractable Ca, Mg, Na, and K were determined

by using a centrifuge extraction procedure with 0.1 N ammonium acetate as
described in Jackson (36). A correction procedure for the solubility of
Ca and Mg carbonates in the leachates was also used. The supernatant was
evaporated to dryness on a hot plate, then dissolved and brought up to
volume in 0.1 N HCl. Calcium and magnesium were determined by the use of
a Perkin Elmer model 303 atomic absorption spectrophotomer. Flame photo-
metry was used for determination of Na and K.

Cation Exchange Capacity. Catlon exchange capacitles were determined

by washing the soil sample from the extractable cations procedure with
methanol until all excess ammonium acetate was removed., The sample was
transferred to a 800 ml Kjeldahl flask with 300 ml deionized water, 10 ml
of 50% NaOH and mossy zinc. Ammonia was distilled and the distillate
collected in 30 ml of boric acid-methyl purple indicator until 150 ml of
distillate were collected. The 175 ml mixture of indicator solution and
distillate were then titrated with standard 0,07i% N HESOH. Cation exchange

capacities were calculated and expressed as meq/100 g soil.
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Micronutrients, Extractable Cu, Fe, Mn, and Zn were determined by

using the DTPA-TEA extraction procedure (20, 47). Ten grams of soil were
placed in a centrifuge tube and 20 ml of DTPA extracting solution were
added. The tubes were covered with plastic stoppers and shaken on a
wrist-action shaker for 2 hours. The samples were then centrifuged for
3 minutes and filtered into polyethylene bottles. Extractable Cu, Fe, Mn
and Zn were determined by atomic absorption spectrophotometry.

Carbon. Total carbon was determined on samples from 4 treatments
by the usé of a Leco carbon analyzer through the courtesy of the Department
of Crop and Soil Sciences, Michigan State University (6, 10, 81). One
hundred milligrams of finely ground soil (80 mesh) were weighed into a
special ceramic crucible and one scoop (approximately 1 gram) each of iron
chips and tin accelerators were added. The crucible was then placed in a

combustion tube of an induction furnace through which O, was being passed.

2
The sample was combusted at a temperature of over 16?000 with the carbon in
the sample being oxidized to 002. The gas mixture was passed through

(1) a dust trap to filter out the solid tin and iron oxides, (2) a sulfur

trap containing MnO, to absorb sulfur gases which may have been oxidized

2
during the combustion of the sample, and (3) a heated catalyst to convert

any CO formed to CO Moisture was removed from the gas mixture before it

o
entered the analyzer by an anhydrone trap. After combustion and passing
through the purification train, the gas mixture was passed into a cylinder
housed in a temperature-controlled oven (4500) in the analyzer., The thermal
conductivity of the mixture in the cylinder was measured by a thermistor-

type thermal conductivity cell. The output of the thermal conductivity

cell was read on a speclal DC digital voltmeter as percent carbon.
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Carbonate-carbon was determined using the acld-neutralizatlon method
outlined in Black (7). Five grams of soll were placed in a 150 ml beaker
and 50 ml of 0,544 N standarized HCl were added. The beaker was then covered
with a watchglass, placed on a hot plate, and boiled gently for 5 minutes at
150°C. After cooling, the contents were filtered and washed with 50 ml
of deionized water. Five drops of phenolphthalein indicator were added to
the filtrate and it was titrated to the endpoint with 0.251 N standardized
NaCH. Carbonate-carbon was then calculated and expressed as percent carbonate-
carbon,

Approximate organic carbon percentage for each sample analyzed for
total carbon was determined by subtracting percent carbonate-carbon from
percent total carbon (5).

Statistical analysis was completed on the data using the least squares

method. All results were reported at the 5% level of significance.



RESULTS AND DISCUSSION

Detailed soll anaylsis results are presented in appendix tables 1-47,
Tables in the text of this chapter showing ﬁean values are averaged across
nitrogen rates, phosphorus rates, or depth, whichever 1s appropriate
concerning the specific treatment or depth effect demonsirated.

Ammonium-nitrogen

Ammonium-nitrogen accumulations in the soil of the experimental area
were exceptionally high, especially in samples collected at the later
sampling date., Some samples had ammonium-nitrogen concentrations that
exceeded 200 ppm. There was a trend for ammonium-N concentration to increase
wlth added nitrogen, but this was not significant at the 0.05 level of
significance (Table 3). Ammonium-nitrogen was significantly higher where
19 kg/ha applications of phosphorus had been used. There was a significant
decrease in ammonium-N with depth as shown in Figure 3. Little downward
movement of ammonium-N occurs since it is tightly adsorbed by the soil
collolds and is not susceptiﬁle to leaching. However, appreciable concen-
trations of ammonium-nitrogen were present even at depths of 400 cm (Table 4).

The high concentrations of ammonium-N indicated possible contamination by
atmospheric refrigerant ammonia during cold storage. This source of contami-
nation would only have affected samples collected at the later date, since
the first set of soil samples were not frozen before being dried. Since
adsorption of NH4+ and other catlons 1s related to soll CEC, this particular
501l would be expected to have fairly uniform ammonium-N concentrations
throughout the profile if contamination was a problem, since CEC did not vary

appreciably with depth, Lack of significant variation of CEC with depth ralses

some question concerning ammonia contamlnation,
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Table 3. Mean values for ammonium-N, nitrate-N, total N, pH, and avallable
P as affected by N rate or P application.

Treatment ammonium-N nitrate-N total N pH avail. P
kg/ha ppm ppm ppm ppm
ON 50.90 2.62 737 8.17 8.53
L5 N 52.74 2.23 752 8.12 8.54
90 N 54,98 2.72 728 8.14 7.98
13 N 55.15 L.02 751 8.13 5.52
179 N 57.35 L,55 737 8.12 6.55
224 N 56,78 6.96 749 8.11 5:25
LSD 05 NS 0.45 NS 0.01 1.24
0P 51.18 3.66 751 8.14 4 .68
19 P 58.13 L.04 733 8.12 9,62
LSD 05 2.75 0.26 15 0.01 0.71

Environmental and soil conditions at time of sampling may have been
conducive for mineralization of soll N without subsequent formation of
nitrate-nitrogen through the nitrification process. Reduced aeration, cold
temperatures, and high soil pH all adversely affect nitrification to a
greater extent than ammonification.

Since mineralization prbceeds most rapidly in well-aerated, warm soils
with plenty of basic cations present, this process may have been stimulated
while the moist samples were being dried prior to preparation for analysis,
Ammonification has been shown to take place at very low soil moisture contents,
and at fairly high temperatures (50—?000). Therefore, ammonification could
have been occuring without subsequent nitrification before the soll became
too dry, resulting in ammonium-N accumulation.

The increased ammonium-N concentratlions accompanying added phosphorus

indicate that this increased avallability of P may have been utilized by
heterotrophic soil organisms to stimulate mineralization of organic nltrogen

compounds and increased production of ammonium-N,
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Table 4, Mean values for ammonium-N, nitrate-N, total N, pH, and available
P as affected by depth,

Depth, cm ammonium-N nitrate-N total N pH avail., P
ppm ppm ppm pPpm
0-5 108,27 9,22 1258 8.01 16.11
5-10 117.20 13.48 1180 7.98 13.10
10-15 110,92 11.52 1141 7.93 8.01
15-20 103.70 7.99 1161 7.93 7.13
20-25 111.37 5.59 1116 7.98 5.72
25-30 106.07 L.,17 1052 8.01 3.73
30-35 99.11 3.01 963 8.08 2.22
35-40 91.20 3.11 899 8.08 1.16
Lo-45 84,57 2.94 8liy 8.10
L5-50 81.04 3.04 797 8.11
50-55 73.60 323 772 8.13
55-60 68,03 3.15 748 8.14
60-65 61.91 2.84 696 8.15
" 65-70 57.53 3.13 689 8.16
70-75 54,51 3.15 654 8.16
75-80 55.28 2.84 709 8.18
80-85 51.77 2.7% 703 8.17
85-90 48,62 2.90 672 8,18
90-95 48,18 2.65 679 8.18
95-100 4l 79 2.84 695 8.18
100-120 .77 2.23 575 8.18
120-140 30,96 2.43 566 8.18
140-160 27.21 2.56 564 8.18
160-180 22.57 2.60 H1 8.19
180-200 19.96 2,72 533 8.16
200-220 20,21 2.72 531 8.16
220-240 18.60 2.77 510 8.17
240-260 22.16 3.18 546 8.16
260-280 20.10 3.06 558 8.17
280-300 20.73 3.43 586 8.16
300-320 21.12 2.92 609 8.17
320-340 19.34 2.92 570 8.19
340-360 20.24 2.73 624 8.22
360-380 19.05 2.43 591 8.24
380-400 18.30 2.49 607 8.25
LSD 05 11.50 1.08 64 0.03 1.43

Some fixed ammonium-N could have been released from the soil organic
matter fraction during steam distillation if 1t were somewhat water soluble,
Physically sorbed ammonia also could have been released during the stean
distillation procedure. This soil probably had high ammonium-N fixing

capaclity, since expanding clay minerals like montmorlllonite have large
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adsorption capabilities., Ammonium-N fixation by the organic fraction of
mineral solls increases with pH. Clays saturated with divalent lons also
generally have higher ammonlium contents than clay saturated with monovalent
lons.

Nitrate-nitrogen

Soil nitrate-nitrogen concentrations were much lower than ammonium-
nitrogen levels. Individual sample values ranged from none to 27 ppm.
Nitrate-nitrogen decreased with depth as shown in Figure 4, and both nitrogen
and phosphorus treatments had a significant effect on the accumulation of
nitrate-nitrogen (Table 3). The pattern of accumulation indicates nitrates
are moving downward uniformly, as there are no large peaks of nitrate
accumulation in the soll profile. There is an cobservable increase in
nitrate-N at the 300 cm depth, and then concentration decreases again
(Table 4).

V’The increased accumulation of nitrate-nitrogen with applied N indicates
that at tﬁe high rates some nitrogen fertilizer is not being utilized by

the corn crop. The effect of P on nitrate-nitrogen may be secondary in

that phosphorus has a beneficial effect on soll organisms that enzymatically
hydrolyze organic nitrogenous compounds and proteins and subsequently
manufacture ammonia which is oxidized to nitrate-nitrogen. If this is the
case, then total soll nitrogen and organic carbon, which are the main
constituents of organic matter, should decrease with added P. Subsequent
data show that this is so.

The effect of phosphorus on nitrate-nitrogen was most prevalent at the
low nitrogen rates. The results of avallable nitrogen analyses indicate

that more research ls needed on thls calcarecus soil in regard to immobill-

zation, mineralization, nitrification, and denitrification of soll nitrogen.
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Total Nitrogen

Total soll nitrogen, excluding nltrate-nitrogen, decreased dramatically
wlth depth, as illustrated in Figure 5. Concentrations were lowest at the
200-240 cm depth. Nitrogen had no effect on total N (Table 3), while
phosphorué decreased the amounts of total nitrogen in the soil at all but
the two highest nitrogen rates. This trend was probably explained by the
fact that at low N rates, added phosphorus stimulated grain formation in
preference to forage production, so that less organlic nitrogen was returned
to the soil as crop residue after grain removal. As nitrogen fertilization
rates increase, grain ylelds reach a plateau and more phosphorus, as well as
other plant nutrients, are incorporated into vegetative material which is
returned to the soill following harvest. Total nitrogen content ranged from
130-1680 ppm in individual samples.
pH

The effects of nitrogen and phosphorus fertilizers on soil pH, though
small, wefe significant as shown in Table 3. The effect of the nitrogen
fertilizer on decreasing pH can be explained by the residually-acidifying
effect of ammonium nitrate. The higher the N rate, the greater the potential
acidity. Phosphorus applications at the lower nitrogen rates (0, 45, 90, and
134 kg/ha) decreased soil pH, but had no effect when applied with heavy
nitrogen treatments. There was a significant increase in pH with depth,
as shown in Figure 6, which implies that surface pH changes have not extended
into the lower part of the soil profile. The large amounts of calcium
carbonate in this soil indicate that no detrimental decreases in pH can be
expected at the present fertilization rates. In fact, a decrease in pH would
probably be beneficial as most micronutrients are more readily available at
PH levels lower than those present in this soll. Soil pH varied from as low

as 7.8 near the surface up to 8.4 at the 400 cm depth,
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Avallable Phosphorus

Weak Bray extractable phosphorus content in the surface 5 cm was quilte
variable, ranging from 6 ppm with no applied P up to 37 ppm with 19 kg/ha

of applied phosphorus as triple-superphosphate. Available phosphorus

dgcreased as nitrogen rates increased. Added nitrogen probably stimulated
P uptake by increasing crop growth. Much more available P was present with
the P treatment as compared to plots that recelved no phosphorus fertilizer,
as was expected. At low N rates, added P increased soil available P to a
much greater extent than at higher N rates, indicating that nitrogen is
limiting growth and P uptake at these low nitrogen rates. At higher nitrogen
rates, phosphorus levels indicate that it is the limiting nutrient as shown
in Figure 7. There was a marked decrease in avallable phosphorus with depth
(Table 4). As phosphorus is relatively immobile, little downward movement
of applied P would be expected. Previous data from this study indicate that
available phosphorus did not tend to increase with time when 19 kg/ha was
added but.that the level in the soll remained at a fairly constant, adeqguate
level, When no phosphorus was added, there was a trend for soil phosphorus
to decrease with time (Table 2).

Extractable Calcium

Nitrogen applications had a significant effect on soil extractable
calcium as shown in Table 5. There was a decrease in calcium with added N
when no phosphorus was applied., With applications of nitrogen and phosphorus,
no meaningful trends were apparent. Figure 8 indicates the effect of depth
on calcium content. The area of lowest concentration (0-20 cm) is probably
due to uptake and removal by crops and to loss of part of the calcium pool
in the form of CaGO3 through acidifying effects of organlic acids and applied

ammonium nitrate. Some calcium also probably leached downward and is
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Table 5. Mean values for calclum, magnesium, sodium, potassium,and CEC
as affected by N rate, P application, or soil depth.
Treatment calcium magnesium sodium potassium CEC
kg/ha ppm ppm ~ ppm ppm meq/100 g
ON 15341 736 88.7 570 22.05
134 N 16039 711 83.3 557 21:75
224 N 14711 672 95.4 517 22.17
LSD 0 12 16 7.3 17 0.19
.05
0P 15106 705 92.9 40 22,05
19 P 15621 708 85.4 556 21.93
LSD NS NS 6.0 14 NS
.05 ‘
Depth, cm
0-5 8755 539 84.9 594 23.22
5-10 8749 526 91.4 563 23.30
10-15 8698 519 79.1 525 23.60
15-20 8865 509 66.0 510 23.27
20-25 11706 565 81.3 506 23.56
25-30 15836 624 84.3 485 23.67
30-35 17883 660 92.1 464 22.83
35-40 17834 649 90.6 435 22,12
Lo-45 16594 652 99.9 428 21.48
L5-50 15424 685 g99.1 437 21.23
50-55 16459 712 91.4 L7 21.25
55-60 17855 753 92.5 475 21.08
60-65 18495 788 93.9 507 2112
65-70 18583 806 95.6 553 8118
70-75 17916 825 93.2 573 21.06
75-80 17905 854 86.4 622 21.28
80-85 17854 857 85.2 655 21.03
85-90 17286 860 4.2 684 2l.01
90-95 17525 877 90.1 7 21.25
95-100 17045 867 91.8 764 21.26
LSD 05 2354 Ly NS Ly 0.49

responsible for the zone of increased extractable calcium accumulation at

the 60-70 cm depth.

A correction procedure for free calcium and magnesium

carbonates was used but extractable calcium concentrations still exceeded

20,000 ppm lower in the profile.

The pattern for extractable calcium

concentration is similar to that for carbonate carbon, indicating the close

relationship between these two ions in this calcareous soil,
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Extractable Magnesium

There was a significant decrease 1n soll extractable magnesium with
applied nitrogen as shown in Table 5. This was Possibly due to removal by
the growing crops and to some downward leaching of soluble MgCO3 though no
zone of accumulation was apparent (Figure 9). Magnesium concentration
increased with depth. Phosphorus application had no effect on soil
extractable magnesium. Magnesium concentrations ranged from 450-900 ppm.

Extractable Sodium

Extractable sodium was significantly affected by both nitrogen and
phosphorus fertilization. When 19 kg/ha of phosphorus was added, sodium
content increased as N rates increased as shown in Figure 10. At the O-N
rate, the addition of phosphorus led to a decrease in extractable -sodium
content. Depth had no effect on sodium, indicating that plant uptake of
this element is low and that it is associated with the mineral fraction of
the soil and not the organic fraction. Sodium concentration in the soil was
erratic and showed no pattern (Table 5).

Extractable Potassium

Extractable soil potassium was affected by nitrogen, phosphorus, and
depth (Table 5). Potassium concentrations decreased with applied nitrogen,
indicating increased plant uptake as ylelds increased. Extractable soil
potassium increased when phosphorus was applied. This may have been due to
the slight decrease in pH due to applied phosphorus. The decrease in
alkalinity may have increased the availability of soil K. The addition of
phosphorus also tended to increase soil extractable caleium, though the
increase was non-significant (0.05). Since Ca++ tends to replace K+ cn the
soll exchange complex, this increase in extractable Ga++ would therefore

result in an increase in extractable potassium.
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The general decrease in extractable K at the 30-60 cm depth is likely
due to uptake by plant roots. Since much potassium is found in the vegetative
portions of corn plants, considerable amounts of plant K are returned to the
soil upon incorporation of plant residues. This explains the accumulation of
extractable potassium near the soil surface as shown in Figure 11. Corn
yield data (Table 1) show that the addition of 37 kg K/ha does not influence
any significant increase in grain yield. However, there is a slight increase
at the two highest N rates when comparing the N + P treatments with the
N +P + K treatments. This observation, in conjunction with the significant
decrease in extractable potassium with increased N applications, implies that
continuous heavy applications of N and P may ultimately result in the
necessity to apply fertilizer K in the future. The grand mean for extractable
soil potassium was 548 ppm.

Cation Exchange Capacity

Soil cation exchange capacity was affécted by nitrogen treatment, but
no obvious trend was apparent (Table 5). Phosphorus tended to decrease the
soil CEC, but the effect was insignificant.at the 0.05 level., There was a
definite decrease in CEC with depth, which was due to 1ess crganic matter
below the surface 25 cm as shown in Figure 12. BSo0il cation exchange capacity
varied from approximately 20 meq/lOO g to 25 meq/iOOg soil,

Extractable Copper

Soil DTPA-extractable copper was not significantly affected by either
nitrogen or phosphorus treatment as shown in Table 6. There was a trend for
soll copper to decrease with added phosphorus at the two lower nitrogen rates.
Regardless of phosphorus treatment, DTPA-extractable copper was highest when
134 kg N was applied. Perhaps additional nitrogen increased extractability

but at the highest nitrogen rate higher crop uptake may have reduced the
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amount of avallable copper in the soil. Copper concentrations were highest
at the 25-35 cm depth, At the lower depths (35-50 cm) added phosphorus
resulted in decreased amounts of available coppér as shown in Figure 13.
Low copper concentrations in the surface 10 cm are probably due to croﬁ
uptake and removal, Soll DTPA-extractable copper was considered to be
adequate with a grand mean of 0.67 ppm.

Extractable Iron

Regardless of treatment, DTPA-extractable iron decreased with depth
as shown in Figure 14, Iron availability is often a problem in calcareous
soils in Kansas, especially with sorghum, soybeans, pinto beans, and corn,
and the decreased extractability with depth is probably due to increasing
pH and soil calcium carbonate content. Nitrogen treatments had significant
effects on extractable iron, and the same pattern of concentratlon developed
as was noted with copper. The effect of phosphorus was insignificant, but
some suggestion existed of an increase in extractable iron with P applications
(Table 6). Extractable iron concentrations ranged from 3-7 ppm, which ranks
in the medium to high category in Kansas,

Extractable Manganese (.

DTPA-extractable manganese levels were high enough that no deficiency
problems should exist. Manganese concentrations varied from approximately
3-18 ppm. Manganese was affected by nitrogen and phosphorus treatments as
well as depth, as shown in Table 6. The increase in extractable manganese
with nitrogen was probably due to secondary effects of high nitrogen rates
on soil pH and CaCO3 content near the soil surface. Phosphorus addition
decreased available manganese throughout the profile. This may have been
due more to increased uptake and removal by the crop than to any other factor.

There was a decrease in avallable manganese with depth regardless of treatment

as shown in Figure 15.
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Table 6. Mean values for copper, iron, manganese, and zinc as affected
by N rate, P application, or soil depth.

Treatment copper iron _ manganese zlnc
kg/ha ppm Ppm ' ppm ppm
ON 671 3.99 7.51 1.03
134 N 697 5.07 7.56 1.08
224 N 652 4,37 8.49 0.84
LSD NS 0.39 0.69 - NS
.05
0P 679 4,36 8.40 0.99
19 P 668 L. 59 7.31 0.97
LSD , NS NS 0.57 NS
.05
Depth, cm
0
0-10 .637 5,48 13.03 1.84
10-20 - 661 5.30 10,16 2,07
20-30 713 4,82 7.19 0.74
30-40 704 3.66 4.80 0.14
40-50 652 3.42 4,08 0.13
LSD.05 .O48 0.50 0.89 0.45

Extractable Zinc

DTPA-extractable zinc concentrations varied from nearly none up to
2.5 ppm. The reduction in soil zinc levels was quite pronounced below 30 cm,
This is a prime reason why zinc deficiency symptoms commonly develop in crops:
growing on newly leveled land where the subsoll is exposed at the surface.
Eleven kg/ha of zinc were applied to all plots in 1968 and 1969 to offset a
low soil zinc condition. The decrease in zine in the upper 15 cm is probably
due to crop removal since that period of time (Figure 16)., Available soil
zinc concentration with depth seemed closely correlated with expected pH
effect on zinc availability. No clear differences due to treatment are

evident in data presented in Table 6.
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Total Carbon

In analysis for total soll carbon, carbonate-carbon, and organic
carbon, only the four extreme treatments were included (Figure 17).
Applications of 224 kg N/ha decreased total soll carbon, while addition of
19 kg P/ha increased amounts of total soll carbon. However, the effects of
these treatments were not significant as shown in Table 7. Total carben
concentration increased with depth, reaching a maximum near the 35-55 cm
depth, and then declined. Total carbon varied from 1.0 to nearly 2.2%.

Carbonate-carbon

Soil carbonate-carbon varied from 0,3-1.8%. There were large concentra-
tions of carbonate-carbon at the 40-60 cm depth in the profile as shown in
Figure 18, This accumulation is probably due to downward movement of
soluble calcium and magnesium carbonates through the leaching process. No
consistent differences due to treatment were apparent, but there was a
general trend for carbonate-carbon to decrease with nitrogen treatment,
especially in the upper 25 cm. Depth means, as shown in Table 7, indicate
significant differences in carbonate-carbon concentration with profile depth.

Organic Carbon

Organic carbon decreased with depth as shown in Figure 19. This was
due to decreased organic matter content with depth. There was a general
trend for the nitrogen applications to increase soil organic carbon,
especially in the upper 20 cm, but this effect was not significant (Table 7).
Organic carbon decreased with the addition of 19 kg/ha of phosphorus, but

this trend was evident only under the 224 kg/ha nitrogen applicatiocn.
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Table 7. Mean values for total carbon, carbonate-carbon, and organic carbon
as affected by N rate, P application, or soil depth.

Treatment total carbon carbonate-carbon organic carbon
kg/ha % %
ON 1.54 1.22 0.32
224 N 1.51 1.17 0.34
LsD NS NS NS
.05
0P 1.52 1.17 0.35
9P 1.54 1.22 0.32
LSD.O5 NS NS 0.02
Depth, cm
0-5 1.20 0.46 0.74
5-10 1.14 0.48 0.66
10-15 1.15 0.48 0.67
15-20 1.08 0.47 0.61
20-25 1.21 0.67 0.54
25-30 1.46 i.01 0.46
30-35 1.68 1.28 0.41
35-40 1.96 1.56 0.39
4o-45 2.06 1.67 0.39
Ls_ 5o 1.93 1.71 0.22
50-55 - 1.90 1.65 0.25
55-60 1.79 1.60 0.20
60-65 1.81 1.56 0.25
65-70 1.66 1.46 0.21
70-75 1.52 1.40 0.12
75-80 1.46 1.34 0.13
80-85 1.41 1.% 0.10
85-90 1.44 1.29 0.16
90-95 1.34 1.26 0.09
95-100 1.33 1.23 0.11
LSD 0.19 0.17 0.08

.05
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SUMMARY AND CONCLUSION

The results of thls study indicate that continuous applications of
nitrogen and phosphorus fertilizer have had measurable effects on chemical
properties of the Richfield soil.

Unaccountably high cbncentrations of ammonium-nitrogen indicate either
possible ammonium-N contamination of the samples or build-up of ammonium-N
in the samples through a microbiological process such as mineralization
without subsequent nitrification. Depending upon the source of the
ammonium-N, many questions concerning the nitrogen status of this soil
remain unanswered, More research in this area is needed since ammonium-N
is included in the XKansas test for avallable soil nitrogen.

Nitrate-nitrogen levels in the profile indicate little accumulation or
leaching of this form of nitrogen. Nitrogen and phosphorus treatments
increased the amount of nitrate-nitrogen in the soil as fertilizer rates
increased. Fertilization with nitrogen certainly has not produced accumula-
tions of NOB--N in the s0il which could pose a threat to groundwater quality.
This demonstrates that adherance to recommended rates of nitrogen fertiliza-
tion tends to eliminate the problem of soil nitrate-N loss due to leaching.

Nitrogen applications had no measurable effect on total soil nitrogen,
but the addition of 19 kg/ha of phosphorus significantly decreased total
soil nitrogen.

Both nitrogén and pho;phorus applications significantly decreased soll
pH, even though measured differences were very small, Since this soll contains
such large amounts of calcium carbonate, no forseeable drastic change in pH
should take place using the present rates of fertilization. Soil pH slowly
increased with depth and reached a maximum of about 8.4 at the 400 cm depth

due to the presence of free calclum carbonate,
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Weak Bray extractable phosphorus decreased as nitrogen rates increased,
and increased markedly when 19 kg P/ha vere applied, Little movement of
fertilizer phosphorus 1s indicated due to sharp'decreases in extractable
phosphorus with depth.

An interesting trend in this study was that the application of 19 kg
P/ha decreased total soil‘nitrogen and organic carbon. This would lead one
to speculate that soll organic matter content also decreased. Though this
was not measured, soil CEC did decrease slightly, and surface CEC is closely
related to organic matter content.

Heavy rates of nitrogen fertilizer tended to decrease extractable
calcium and magnesium levels in the soil. Phosphorus had no effect on
extractable calcium and magnesium concentrations. Both calcium and magnesium
concentrations increased considerably with depth. The Ca:Mg ratio in this
soil is quite high, exceeding 16:1 near the soil surface and approaching
27:1 lower in the profile, The soil KiMg ratio varies from 1:1 at the
surface to 1:1.5 at the 50 cm depth, This high magnesium content may
explain the lack of response of corn to applied magnesium that researchers
have found recently in Kansa,s.2

Extractable soil potassium content decreased when increasing nitrogen
rates were applied, which was probably due to increased plant removal of
soil K. Addition of 19 kg P/ha produced an increase in' extractable soil
potassium, which was probably due to the effect of phosphorus on lowering

soil pH and thereBy increasing availability of soil K,

2Whitney, D. A, and R, Ellis, Jr., 1973. Kansas Fertilizer Research
Report of Progress., 202:124.
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Cation exchange capacity, which varied from 20-25 meq/lOO g soil,
decreased with depth, Soll CEC was affected by nitrogen treatment, but no
trend was apparent.

Higher applications of nitrogen seemed to generally increase the
availability of iron and manganese, while phosphorus only affected the
availability of soil manganese. Levels of all micronutrients were adequate
in the upper 15 cm of soil. Zinc levels below 30 cm were quite low,

Nitrogen and phosphorus had inverse effects on all forms of soil carbon,
but measurable effects were gquite small and usually insignificant. Carbonate-
carbon comprised from 75-80% of the total soil carbon when averaged across
all depths,

The results of this study indicate that applied phosphorus effects on
s0il chemical properties are more significant to date than the effects of
nitrogen. When high rates of nitrogen are used, decreases in soil potassium
are quite apparent. This would indicate that potassium fertilization may
eventually be necessary on areas where high nitrogen rates have been applied
for some time, especlally when large amounts of forage along with grain are

removed, such as is the case with silage production.
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Table 1. Soil NH4+-N (ppm) as affected by treatment.

Depth,
cm
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Table 1. Soil NH4+-N (ppm) as affected by treatment (Cont,)
Replication 1
19 P, kg/ha
N, kg/ha
Depth,
cm 0 179 224
0"5 ?5!6 61 l? ?5-4
5-10 44 .4 61.0 123.5
10-15 59.6 ; 65.2 69.4
15"20 3“’.? L] 58-9 8403
20-25 41,6 68,7 51,3 76.3
25-30 47,2 55.5 56.9 66.8
30-35 40,9 68.0 61.0 98,8
35-40 49,9 79.7 70,0 84,8
40-45 31.9 81.8 4,2 95.8
45-50 374 . 56,2 54,1 117.0
50-55 25,0 59.6 58.9 54,8 100.9
55-60 25,7 40,2 5545 5545 86.2
60-65 31.8 56.9 50.6 37.4 64,4
65-70 21,5 45,1 35.4 i 60,4
g0-7% 17.8 51.3 48.5 34,7 46,2
75-80 20.5 57.6 42,3 46,5 59.0
80-85 23.2 34.7 55.2 28.4 52,4
85-90 16.8 36.1 40,8 27.7 38.9
90-95 17 .4 31.9 Ly .3 36.3 Ly .8
95-100 12,5 36.8 47,0 30,8 36,0
100-120 10.0 29.3 57.1 26,7 28.2
120-140 12.3 32.0 k1,9 22.6 Lo,1
140-160 14.0 30.2 42,7 23,2 27.5
160-180 10.9 28.5 . 16,8 25.3
180-200 2.9 20.5 14.8 32.9
200-220 5.7 20,9 12,7 23.0
220-240 7.8 26.5 10.0 26,1
240-260 10.0 19.5 14,8 21.8
260-280 8.2 18.7 15.6 19.2
'280-300 12.3 20.0 17.4 26.6
300-320 13.9 15.4 14 .4 34,4
320-340 13.3 15.0 18.7 33.2
340-360 12.5 24.7 14.6 39.3
360-380 12.1 16.6 19.1 24,9
380-400 10.5 11.5 15.6 28 .4



Table 2. Soil NH4+—N (ppm) as affected by treatment.

Depth,
cm

Replication 2

0 P, kg/ha

N, ke/ha
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Table 2. Soil NH, -N (ppm) as affected by treatment (Cont.)
Replication 2
19 P, keg/ha
N, kg/ha
Devth,
cm 0 4s 90 134 179 224
0-5 iy P 163.5 187.0 25 | 129.9 130.6
5-10 160.5 105.0 149,0 173.4 142.,2 1194
10-15 179.1 133,7 215,6 194 .3 152.4 171.3
15-20 137.0 114,2 147.2 120.9 132 .4 121.3
20-25 1922 105.5 259.7 175.4 170.6 110.0
25-30 135.3 129,2 216 .4 95.5 180.6 92.7
30-35 202 .4 155,0 109.2 64, 86.3 120.8
35-40 6.9 109.0 150.,7 81.0 127.3 96.5
Bo-45 77.9 125.1 83.2 60,4 81.7 91.9
45-50 87.0 109.7 115,2 81.7 119.7 86.7
50-55 134.4 98,6 70.2 Ly .8 126.5 63.2
55-60 90.0 7% .9 105.7 82.9 109.2 ¥13.5
60-65 93,6 88.8 85.6 55.7 83.4 70,1
65-70 35,3 88.4 84,8 37.0 82.4 64,5
70-75 84.8 85.6 77.9 73.4 744 70 1
75-80 82.2 75.6 58,5 50,2 66 4 70.1
80-85 84 .4 92.9 58.1 50,0 79.8 50,2
85-90 59,0 119.4 51,2 76.6 77,0 55,2
90-95 53.8 91.3 49,8 41,4 63.2 51,2
95-100 53,6 65.1 53.8 43,1 64 .4 bg,?
100-120 49,5 41,2 34,4 26,1 46,7 46.5
120-140 47.1 47,6 29.8 41,9 375 39.4
140-160 53.3 36.9 275 28.4 54.0 21.6
160-180 38.9 23,2 17.5 22.5 25.4 24,4
180-200 41,5 19.9 19.9 26.1 21,1 17.8
200-220 35.5 21.8 23.4 21.1 22.8 21.5
- de g ) 26.0 20.9 21.5 18.5 20,6 19.9
240-260 28.0 19.9 25.4 29.2 19.7 23.5
260-280 51.6 25.8 18.5 23.0 20.4 20,2
280-300 L .3 21.6 15.9 23.9 26.6 21.3
300-320 43.3 26.0 24,6 19.7 20.6 28.7
320-340 30,3 18.0 18 2 21.9 21.3 22.8
340-360 bo.1 19.6 17:5 16.1 23.0 23.4
360-380 33,7 20.8 17.1 21.8 15.4 19.0
380-400 28.0 22.5 15.4 24,6 22.5 18,2
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Table 3, Soil NHa+-N (ppm) as affected by treatment,
Replication 3
0 P, ke/ha
N, kg/ha
Depth,
cm 0 ks 90 134 179 224
0-5 123.5 104.8 191.7 69 .4 107.3 59.5
5-10 220.4 59,2 156.9 138.8 122,7 79.9
10-15 145.8 149,7 149.,1 164.9 131.8 64,5
15-20 138.9 98 .4 130.1 68,2 116.8 94 .6
20-25 174.0 178.,2 142.,2 83,9 133.6 101.9
25-30 165,7 116.8 81.8 108,8 130.3 105.0
30-35 174.0 136.2 122.5 78.2 116,1 105.2
35-40 47,6 4g,1 100.9 77.0 124,0 95,8
Lo-45 114,2 84,1 103.1 87.2 84,9 102.2
L5-50 141,0 7,2 95,8 93,8 100.7 104.0
50=55 94,8 59.5 88.1 52.1 93,4 63.3
55-60 84,1 64,7 70.9 58.7 84.3 107.6
60-65 85.3 45,0 3.4 54,5 91,7 84,1
65=70 113.8 72.0 h7.8 62.6 85.1 48,6
70-75 24,6 42.9 56,7 48,8 62.8 k1.5
75-80 73.5 59.2 64.9 63.7 59.3 50,7
80-85 79,9 56,1 56,2 41,7 65.1 47 .4
85-90 78.7 52.8 55.9 353 L7.8 45.5
90-95 70,4 67.8 51.6 36.3 65.1 65.4
100-120 39 .4 44.5 377 bs,? 38.2 34,1
120-140 40,0 32.0 23.7 36.2 25.8 26,1
140-160 27.9 30.3 28.2 26.6 21.8 24,6
160~180 22,1 32.9 25.4 27.3 22.5 26.8
180-200 24 4 19.7 21.6 25.4 18.9 21.3
200-220 28,7 22.8 19.4 28,4 1940 15,7
220-240 24 .4 13.2 18,7 24,7 18.3 18,7
240-260 20,6 25.4 20,1 37.0 v 14,7
260-280 25,4 15.4 20.4 17.8 20.8 18.0
280-300 1051 16.3 20.6 24,6 19,0 21.5
300-320 35.5 19.2 15.1 29.2 19.0 19.9
320-340 22.3 17.3 22,0 22,1 15.6 22,0
340-360 19.9 14 .4 18.3 27.2 17.1 19,7
360-380 17.5 19.6 20.4 37.2 17.0 17.5
380-400 14,7 16,1 14.7 18,2 18.5 28,2



Table 3. Soil NHu+—N (ppm) as affected by treatment (Cont.)

Renlication 3

19 P, kg/ha
| N, kg/ha
Depth,
cm 0 4o 90 134 179 224
0-5 78 .4 258.3 50,7 47.8 204.5 170.1
5-10 164,7 212.6 107.6 134.8 214, 9 173.0
10-15 81.5 157.3 81.3 100,0 155.2 171.4
15-20 91.3 223.,0 97.9 91,0 201.4 125,3
20-25 79.8 161,9 63,8 134.1 191.3 66.1
25-30 111.9 122.,0 68.3 145.8 193.4 98 .4
30-35 87.4 153.3 73.0 160.4 168.? 66.3
35-40 81.3 176.6 81.7 131,8 165.2 37.4
40-45 89.1 154.9 103.1 91,3 98.6 84,9
45-50 58,1 1544 ,3 85.8 82.4 110.2 75.4
50-55 41,5 139.6 83.9 90.0 66.7 88.9
55-60 37.9 100,3 53..1 7.9 62.3 28.4
60-65 52.8 112.6 61.6 67.0 79.1 53,3
65-70 32,9 101.4 33.6 65,2 68.9 30.5
70-75 38.2 81.8 56 .4 59.2 59.3 T
75-80 29.8 84.3 53,3 56,2 57.8 36.2
80-85 3?!5 6?-3 54.? 62.3 59!? 46¢2
85-90 73. ? 61.2 45,0 49,3 63.5 35.6
90-95 h2. 72,8 54,3 Lh, 1 41.9 55.7
95-100 47, 4 68.7 37.4 66.6 56,1 45,0
100-120 37.7 54 .2 51.4 40.3 33.2 27.9
120-140 28.0 29.9 26,0 31,1 37.9 32.9
140-160 24,2 29,1 26,0 30.3 33.7 19.6
160-180 23 .4 25.4 23,0 23.9 325 23,5
180-200 20,1 24.9 16.8 29.4 24.9 18.0
200-220 19.4 23.5 17.3 22.7 27.2 16.6
220-240 20.4 203 17.8 20.9 21.5 11.9
240-260 22.8 25.:6 19.0 a7 22.0 26.6
260-280 22.7 27.0 18.0 22.7 24,2 34,8
280-300 19,6 25.3 18,2 23.4 23.7 12.1
300-320 18.5 20,6 14.5 20.1 16.8 14,0
320-340 17.0 19.6 14,7 22.7 21.3 G2
340-360 18,0 21,1 199 23.5 21,2 11.8
360-380 14,7 19.9 15.4 19,2 19.2 13.8
380-400 17.1 17.0 20.2 25.1 15.9 17.0
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Soil NOB'-N (ppm) as affected by treatment.

Table 4,

R

Heplication 1

0 P, kg/ha

N, ke/ha

90

Depth,

224

179

134

k5

cm
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-N (ppm) as affected by treatment (Cont,)

-

Soil NO3

Table 4,

Replication 1

19 P, kg/ha

N, kg/ha

224

179

134

45

Depth,
cm
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Table 5. Soil NOB“-N (ppm) as affected by treatment.

Replication 2

0 P, kg/ha

N, kg/ha

224

179

134

4s

Depth,
cm
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Table 5.

Soil NO3™-N (ppm) as affected by treatment (Cont.)

Replication 2

19 Pg kg/ha

N, kg/ha
90

Depth,

224

179

134

4s

cm
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Soil NOB--N (ppm) as affected by treatment.

Table 6.

Replication 3

0 P, ke/ha

N, ke/ha

g0

Deoth,

224

179

134
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cm
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Soil NOB--N (ppm) as affected by treatment (Cont,)

Table 6.

Replication 3

19 P, kg/ha

N, kg/ha

Depth,

224

179

134
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cm
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Table 7. Total soil N (ppm) as affected by treatment,
Replication 1
0 P, kg/ha
N, kg/ha
Depth,
cm 0 4s 90 134 179 224
0-5 1170 1190 1070 880 1260 1140
5-10 1100 1050 1100 1020 1060 1100
10~15 1080 1100 1050 810 1020 970
15-20 1070 1070 1010 840 960 970
20-25 1000 1010 1100 820 970 880
25-30 1030 960 1060 800 840 830
30-35 870 950 970 560 880 810
35-40 730 810 880 510 820 860
40-45 750 770 860 540 760 790
bs-50 630 730 790 530 640 740
50-55 810 670 1100 540 640 690
55-60 840 500 780 560 630 710
60-65 790 530 760 640 750 570
65-70 710 500 660 650 620 590
70-75 680 480 640 600 650 530
75-80 830 560 610 730 600 570
80-85 800 580 780 620 600 490
85-90 450 500 600 680 520 570
90-95 480 600 690 650 560 500
95-100 570 550 790 580 550 470
100-120 4h0 420 620 560 480 470
120-140 450 500 640 630 530 470
140-160 470 340 430 520 580 470
160-180 650 400 550 400 470 400
180-200 680 370 500 400 5720 430
200-220 660 450 L4go L20 690 490
220-240 640 360 390 550 " 450 390
240-260 600 500 470 600 Lio 430
260-~280 670 650 400 540 410 510
280-300 610 570 420 640 510 500
300-320 710 580 580 600 530 530
320-340 780 420 600 640 580 530
340-360 730 460 540 750 530 530
360-380 640 350 500 750 450 570
380-400 770 580 470 710 470 570
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Table 7. Total soil N (ppm) as affected by treatment (Cont,)
Heplication 1
19 P, kg/ha
N, kg/ha
Depth,
cm 0 4s 90 134 179 224
0-5 1060 980 1160 1250 1220 1060
5-10 1000 830 1050 1070 1120 1180
10-15 960 910 960 1090 1000 1010
15-20 1000 830 960 - 1070 970 1220
20-25 810 800 950 980 g9Lo 1060
25-30 720 820 830 830 940 920
30-35 680 650 800 800 790 850
35-40 660 620 770 760 800 740
4o-45 540 820 760 730 660 780
45-50 530 670 7270 680 640 800
50-55 480 670 670 720 600 720
55-60 580 570 680 760 640 780
60-65 530 650 600 710 530 580
65-70 460 630 570 630 560 660
70~75 L60 610 590 670 500 630
75-80 560 590 560 620 460 520
80-85 500 570 650 580 600 600
85-90 480 510 550 620 400 670
90-95 460 520 550 580 Lo 580
95-100 420 530 610 520 k70 610
100-120 210 500 580 460 470 500
120-140 250 580 670 540 420 610
140-160 240 550 650 560 380 530
160-180 220 610 570 550 420 580
180-200 190 520 550 550 420 600
200-220 130 480 650 570 380 560
220-240 140 570 630 520 300 680
240-260 170 500 550 620 - L60 610
260-280 210 630 560 500 420 510
280-300 350 610 560 670 500 600
300-320 210 520 630 600 390 600
320-340 300 610 610 680 450 820
340-360 360 850 710 730 480 1120
360-380 310 510 630 650 420 600
380-400 270 410 670 560 480 500



Table 8. Total soil N (pom) as affected by treatment.

Replication 2

0 P, kg/ha
N, kg/ha
Deoth,
cm 0 45 90 134 179 224
0-5 1060 1020 1150 1280 1140 1450
5-10 1160 1000 1120 1300 1160 1260
10-15 1180 1090 1130 1040 1220 1160
15-20 940 1080 990 1280 1100 1290
20-25 960 1120 1180 1190 1220 1390
25-30 950 1040 1250 960 970 1310
30-35 900 790 1010 970 1060 1080
35-40 840 940 300 760 870 1080
Lo-45 860 1000 630 820 820 1000
Ls-50 840 1150 660 920 540 820
50-55 720 880 540 600 250 860
55-60 580 1200 780 600 760 840
60-65 560 740 840 520 720 780
65-70 780 960 730 7200 680 730
70-75 900 1080 690 690 670 900
75-80 600 900 820 680 760 1080
80-85 520 960 610 650 790 1080
85-90 650 240 590 720 850 960
90-95 610 980 600 820 680 240
95-100 770 1210 470 660 660 700
100-120 600 1020 430 660 600 500
120-140 450 900 470 500 580 750
140-160 600 1110 480 470 560 630
160-180 520 530 710 530 500 650
180-200 600 690 580 490 460 580
200-220 480 450 Ls0 370 400 900
220-240 460 630 430 400 540 650
240-260 560 530 750 660 720 590
260-280 740 590 660 520 700 680
280-300 590 510 460 600 630 560
"300-320 740 710 670 580 680 680
320-340 620 610 580 800 660 550
340-360 560 790 580 680 620 580
360-380 680 710 580 500 570 840

380-400 570 410 920 640 600 700



Table 8, Total soil N (ppm) as affected by treatment (Cont.,)
Replication 2
19 P, kg/ha
N, kg/ha
Depth,

cm 0 45 90 134 179 224
0-5 1280 1260 1340 1380 1430 1460
5-10 1180 1140 g70 1290 1380 1280
10-15 1340 1210 1400 1240 1460 1440
15-20 1300 1150 1550 1450 1440 1260
20-25 1400 1050 1450 1180 1380 1280
25-30 1180 1100 1290 1120 1420 1300
30-35 1090 1100 930 990 1060 1290
35-40 1060 960 890 1020 1100 1160
Lo-45 780 990 830 730 1000 1000
45-50 790 820 870 810 850 830
50-55 880 960 890 740 960 950
55-60 740 790 790 690 900 Gl 0
60-65 730 690 670 800 710 1000
65-70 6C0 770 830 700 930 860
70-75 900 770 770 840 950 880
75~80 800 960 670 870 830 850
80-85 760 860 630 660 840 760
85-90 660 870 750 750 940 G930
90-95 670 880 850 660 760 660
95-100 700 830 720 240 870 900
100-120 580 480 610 650 610 730
120-140 660 520 600 240 620 640
140-160 790 610 630 650 690 620
160-180 680 270 450 510 540 500
180-200 690 350 540 760 680 630
200-220 680 470 590 650 670 620
220-240 610 410 570 620 590 500
240-260 690 580 670 660 520 660
260-280 780 460 530 740 530 550
. 280-300 780 620 390 870 630 810
300-320 750 710 580 560 620 920
320-340 640 450 560 680 600 600
340-360 830 560 640 720 730 690
360-380 870 650 540 790 580 740
380-400 790 610 610 740 720 720

83 ‘



Table 9. Total soil N (ppm) as affected by treatment,

Replication 3

0 P, kg/ha
N, ke/ha
Depth,
cm 0 45 90 134 179 224
0-5 1560 1280 1480 1340 1410 1210
5-10 1670 1110 1310 1280 1300 1080
10-15 1300 1240 1180 1260 1030 1040
15-20 1250 1450 1140 1200 1020 1220
20-25 1390 1210 1180 1160 1060 1080
25-30 1320 1130 1020 1140 1200 1040
30-35 1300 1080 1000 1090 1090 1160
35-40 1330 950 840 1030 1020 1080
40-45 1140 930 750 G920 1120 9L
45-50 1330 760 900 930 1180 900
50-55 1080 820 820 720 900 9L
55-60 1010 930 650 870 850 1000
60-65 950 690 640 900 840 760
65-70 1010 940 600 830 830 450
70-75 890 680 720 240 540 520
75-80 870 890 880 790 680 560
80-85 930 760 720 780 800 630
85-90 880 770 640 740 600 600
90-95 890 00 810 820 900 520
95-100 900 860 760 720 900 54.0
100-120 610 640 600 860 640 540
120-140 600 570 520 800 510 Lo
140-160 600 580 590 760 470 550
160-180 1030 620 680 820 520 500
180-200 240 500 620 760 560 480
200-220 600 560 510 710 . 460 320
220-240 600 L60 500 810 500 380
240-260 640 640 500 880 300 80
260-280 680 560 660 690 580 500
. 280-300 750 580 590 780 530 490
300-320 760 610 570 770 560 560
320-7340 630 540 600 530 530 260
34 0-360 560 580 600 780 570 470
360-380 680 540 560 980 520 500

380-400 550 660 680 990 560 640



Table 9. Total soil N (ppm) as affected by treatment (Cont.)
Henlication 3
19 P, kg/ha
N, kg/ha

Depth,
cm 0 4g 90 134 179 224
0-5 1380 1620 1090 1160 1680 1370
5-10 1230 1430 1310 1170 1350 1320
10-15 1090 1240 1150 1060 1300 1330
15-20 1060 1440 1270 1210 1360 1370
20-25 1090 1270 1060 1230 1270 1070
25-30 910 1480 900 1090 1110 1050
30-35 800 1210 860 1100 1110 990
35-40 780 1150 920 980 1090 670
4o-ks5 810 1020 810 940 910 860
45-50 660 1000 240 260 880 600
50-55 580 940 800 750 790 800
55-60 560 810 700 670 610 640
60-65 660 810 620 400 750 620
65-70 520 770 540 620 570 630
70-75 620 700 660 660 670 510
75-80 510 750 720 590 650 610
80-85 730 650 670 660 810 660
85-90 980 650 600 600 690 580
90-95 620 760 730 620 650 200
95-100 860 690 720 680 780 600
100-120 620 630 600 570 510 520
120-140 Lo 530 580 460 590 600
140-160 630 530 530 470 520 Lup
160-180 560 770 L20 490 650 490
180-200 600 470 230 510 530 L6
200-220 500 480 Loo 580 590 460
220-240 560 Lgo Lo 480 450 520
240-260 480 630 420 540 550 510
260-280 480 620 430 L50 sLo 630
280-300 500 530 460 580 550 400
300-320 540 510 550 640 580 580
320-340 600 470 510 580 490 450
340-360 510 54,0 480 630 550 400
360-~380 L8O 540 440 660 530 400
380-400 600 540 580 620 450 480
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Soll pH as affected by treatment,

Table 10,

o

Beplication 1

0 P, ke/ha

N, kz/ha

Depth,

224

129

134

90

45

cm
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Soil pH as affected by treatment (Cont.)

Table 10.

Revlication 1

19 P, kg/ha

N, ke/ha

224

179

134

90

4o

Depth,
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Soil pH as affected by treatment.

Table 11.

Heplication 2

0 P, kg/ha

N, kg/ha

90

Depth,
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cm
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Soill pH as affected by treatment (Cont.)

Table 11,

Replication 2

19 P, kg/ha

N, kz/ha
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134
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Depth,

cm
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Table 12,

Soil pH as affected by treatment.

Repllication 3

kg/ha

N, keg/ha
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Depth,
cm
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Table 12,

Soil pH as affected by treatment (Cont.)

Hepnlication 3

19 P, kg/ha

N, kg/ha

Depth,
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cm
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Weak Bray extractable soil ohosohorus {(ppm) as affected by treatment.

Table 13.

19 P, kg/ha

0 P, kg/ha

N, keg/ha

N, kg/ha
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This investligatlon, part of a long-range study initiated at the Tribune
Branch Experiment Station in 1961 to evaluate the response of irrigated corn
to various rates of fertillzers, was concerned-with the effect of continuous
applications of nitrogen and phosphorus on the chemical properties of the
Richfield silt loam soil, and to determine the fate of applied nitrogen not
utilized by the corn crop. Soll core samples were taken in January and
February of 1972 to a depth of 4 meters and analyzed for several soil
constituents,

Ammonium-nitrogen accumulation in the soll was high, exceeding 200 ppm
in some samples near the soil surface., There was a slgnificant (0.05)
decrease.in ammonium-nitrogen with depth. Ammonium-nitrogen was significantly
increased by the addition of 19 kg P/ha, but the increase due to applied
nitrogen was not significant.

S0il nitrate-nitrogen concentrations were much lower than ammonium-
nitrogen levels, rarely exceeding 25 ppm. Nitrate-nitrogen decreased with
depth, and there were no noticeable peaks of nitrate accumulation in the
profile, Nitrogen and phosphorus treatments increased the amount of nitrate-
nitrogen in the soll as fertilizer rates increased.

Total soil nitrogen, excluding nitrate-nitrogen, decreased with depth.
Nitrogen applications had no measurable effect on total soll nitrogen, but
the addition of 19 kg P/ha significantly decreased totél soil nitrogen.

Both nitrogen and phosphorus significantly lowered soil pH, even though -
measured differences were small, Soll pH increased with depth, ranglng from
approximately 7.9 near the surface to 8.3 at the 400 cm depth.

Weak Bray extractable phosphorus decreased as nitrogen rates increased,
and increased markedly when 19 kg P/ha were applied. There was a marked

decrease in avallable phosphorus with depth,



High rates of nitrogen fertilizer tend to decrease extractable calclum
and magnesium in this soil. Phosphorus had no significant effect on calcium
and magnesium. Extractable scdium conteﬁt was'iﬁcreased by nitrogen fertili-
zatlion when phosphorus was applied. Sodium concentration decreased
when phosphorus was applied by itself, Sodium concentration in the profile
varied quite erratically énd was not affected by depth.

Extractable soil potassium content decreased when increasing nitrogen
rates were applied. Addition of 19 kg P/ha produced an increase in
extractable soil potassium., Potassium levels were quite high, explaining
the lack of crop response to applied potassium at the experimental site.

Soil cation exchange capacity, ranging from 20-25 meq/lOO g, was not
significantly affected by nitrogen or phosphorus treatments., Soil catlon
exchange capacity decreased with depth.

Levels of all micronutrients seemed to be adequate in the upper 15 cm
of soil, Iron, manganese, and zinc decreased with depth, but copper had a
zone of highest concentration at the 25-35 cm depth. Phosphorus had a
significant effect only on manganese concentratlion, causing a decrease in
DTPA-extractable manganese. Conversely, nitrogen applications led to an
increase in soll extractable manganese.

Nitrogen and phosphorus had inverse effects on all forms of soil
carbon, but measurable effects were quite small and usually insignificant.
Carbonate-carbon comprised from 75-80% of the total soll carbon when

averaged across all depths.



