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ABSTRACT

INFLUENCE OF CULTIVATION, CROPPING SYSTEMS, AND
CROP RESIDUES ON THE CONTENT AND DISTRIBUTION
OF NITROGEN FORMS IN SOILS

By

Ebinimi F. A. Burutolu

Changes in organic C and total N, and in the distribution
of N in fractions obtained by acid hydrolysis were used to evaluate
effects of tillage, cropping systems and types of crop residues on N
status in soils.

Under cash crop systems on Charity clay and Hodunk sandy
loam, total N in the plow layer was lower by 66% than in surface
layers of adjacent virgin soils. The correspohding decreases in
organic C were 62% in clay and 80% in the sandy loam.

In a Tivestock operation on Kalamazoo sandy loam, total N
was lower by 23% and organic C by 12% than in the virgin soil.

At another location on Charity clay, seven cash crop sys-
tems involving different sequences and proportions of corn, navy
beans, sugar beets, oats and alfalfa were compared. After 11 years,
total N had declined by 2 to 11% from levels found at the beginning
of the experiment. Organic C had declined by 13 to 17%.

At all field locations, decreases in the proportion of

nonhydrolyzable N and increases in the proportion of hydrolyzable



Ebinimi F. A. Burutolu

unknown forms (HUN fraction) indicated that a long-term effect of
tillage was to increase exposure and decrease stability of physically
protected humic complexes. This increased the proportion of lower
molecular weight fragments and precursors. An increase in exposed
surface was indicated also by increases in hydrolyzable ammonium.
Variable changes in the proportion of hydrolyzable amino acid and amino
sugar fractions appeared related to current crop cover.

A Hodunk sandy loam amended with residues of corn, navy
beans, sugar beets or alfalfa was incubated for 63 days. Both chemical
and biological transformations may have contributed to observed
patterns of mineralization - immobilization. The HUN fraction seemed
to be a key intermediate in transfers of N among organic fractions
and in exchanges with the mineral N pool. Amino acid and amino
sugar fractions peaked after major respiratory losses of C has occurred
and appeared related to size or activity of microbial populations.
Lesser parallel changes in hydrolyzable ammonium indicated its

association with active surface sites.
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CHAPTER I

INTRODUCTION

The nature and status of soil organic matter and nitrogen are
important factors in crop production. Organic matter contributes
important physical, chemical, and biological properties to soils.
Nitrogen is an essential element in plant nutrition. When soil is
cultivated, soil organic matter and total N decline with time. The
decline is rapid and appears linear in the earlier years after virgin
soils are brought under cultivation, but gradually slows and ultimately
reaches a new equilibrium after 50 to 100 years of cultivation.

The rate and magnitude of organic matter and total N loss is
influenced by the cropping system and sequence (4, 5, 7, 8, 15, 17,
18), crops grown (7, 20), specific management practices (4, 5, 14,
15, 16, 2), the original soil N content (3, 5, 6, 7, 17, 18), climate
(9, 10), soil type (1, 15), and length of cultivation. The rate of
establishment of equilibrium is provided by change and the magnitude
of the term (N0 —-%) exp(-rt) in the equation of Bartholomew and

Kirkham (2):

s>

N=2=-(N_ - é)e'rt

0

where N0 is the initial N content
r 1is the annual rate of N loss
A 1is the annual rate of addition

1



More than 90% of the total N in most surface soils is in
organic form. About one-half of the organic N has not been adequately
characterized. Inorganic N plays a primary and direct role in plant
nutrition. The involvement of organic N in plant nutrition is at best
regarded as secondary and indirect, that is, through the process of
mineralization.

Different kinds of N compounds and compiexes differ in their
susceptibility to mineralization. It might be expected that their
importance as sources of N for plants will vary accordingly.

The content and proportions of various organic N fractions
have been influenced by the management system. These organic N factions
shift from one form to another during cultivation and other management
practices.

Many researchers have attempted to identify the forms of
organic N that might be useful as predictive soil tests (11, 12, 13, 19).
The present study was undertaken to determine the nature and magnitude
of changes in content and distribution of N forms under the following
three systems:

1. Virgin soils and their cultivated analogues under

three types of management
2. Rotational cropping for eleven years
3. Incubation systems involving various residue types

and rates for a 63-day period.
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CHAPTER II

EFFECT OF CULTIVATION ON THE CONTENT AND DISTRIBUTION
OF NITROGEN FORMS IN SOME MICHIGAN SOILS

The role of organic matter and nitrogen in soil formation,
fertility, and crop production has been treated extensively in pub-
lished literature.

Surface organic matter and nitrogen distribution vary tre-
mendously among and within the major soil orders of the world. The
magnitude of variation depends to a great extent on soil forming
factors such as climate, vegetation, topography, parent material and
age. According to Jenny (22, 23), the importance of the factors
determining the organic matter and nitrogen contents of medium

textured soils of the United States decreased in the order:
climate > vegetation > topography = parent material > age
Effect of Cultivation on Organic
Matter and Total N
Within a soil order, management factors, such as cultivation
and fertilization bring about significant changes in organic matter
and nitrogen distribution in surface and profile soils. Cultivation

affects the distribution of organic matter and nitrogen through its

influence on the organic carbon equilibrium in soils.



Some work has been done on the effect of cultivation on the
organic matter and nitrogen contents of soils in the temperate,
tropical, and subtropical regions. In their long-term study on the
effect of cropping on the surface soil nitrogen and organic carbon
content of the soils at 14 Tocations in the Great Plains, Haas and
Evans (15) reported that nitrogen dec1ined by 39% on the average over
a 36-year period. This represents 1.07% loss of soil nitrogen for
each year of crop production. The average organic carbon loss over
a 37-year cropping period was 42% with an annual loss of 1.15%.

In a similar study in western Kansas soils under low rain-
fall conditions, Hobbs and B8rown (18) reported that cropping had
marked effect on nitrogen and organic carbon losses. The N losses
were rapid after cultivation of the virgin soil began and the rate
gradually decreased with time. Nitrogen and organic C losses averaged
23.3% and 36.2%, respectively, from 1916 to 1958. However, losses
slowed down to 2.2% for nitrogen and 2.1% for organic C in the last
eight years (19). In their preliminary studies on the status of
organic matter and nitrogen in soils under shifting cultivation in
the tropics, Isirimah et al. (20) found that cultivation decreased
organic matter by 55% and total N content by 60% in all soil types.
They also observed that the long fallow period had not increased
the level of nitrogen and organic matter markedly. On a Greary silt
loam Prairie soil in Kansas, Fritschen and Hobbs (13) worked on the
effect of crop rotation on the N and organic carbon contents and found
losses of both over the period. Similarly, Hide and Metzger (16)

reported a decline in carbon and nitrogen of Kansas surface soils of



37% and 32%, respectively, due to cultivation. Working with surface
soils in the Great Plains, Porter et al. (33) reported that cropping
of virgin soils decreased the total N and the other forms of N. In
another study, Smith and Young (36) showed that the total N and
organic C of surface soils declined on the average by 42% and 33%,
respectively, due to cultivation.

There is little information on the effect of cultivation
on the mineral N forms. It was observed in some studies that
exchangeable NH4 and nitrate N contents were normally small, and both
fractions may not account for more than 2% of the total soil N.
Nitrites do not accumulate in soils to a great extent, except in
alkaline conditions, hence, large amounts are rarely detected in
soil analysis. Mineral nitrogen also occurs as fixed NHZ and this
fraction is very significant in some soil profiles. The average
amount of fixed ammonium N remained unchanged, indicating that culti-
vation had made no effect on the fixed ammonium content of the sur-
face soils of Canada (17).

The studies cited above have generally indicated a loss of
organic matter and total N with cultivation. Some investigations
have reported that cultivation increased organic matter (1, 14, 27).
In their studies, Grigor'yev (14) and Konovalonva (27) reported that
humus and N content increased with cultivation on sod-podzolic forest
soils in the order:

well moderately _ slightly

cultivated ” cultivated ~ cultivated > 'orest soils



It is appropriate to indicate that most of these studies
discussed the effect of cultivation on organic matter and total N
contents of surface soils. Effect of cultivation is not restricted
to surface horizons alone. The impact gradually moves to subsurface
horizons. Furthermore, it is important to compare cultivated and
virgin soils to appreciate the impact of cultivation in agricultural
soils.

Several studies have shown that organic matter and total
nitrogen declined with depth in both virgin and cultivated soils
(29, 36). The magnitude and rate of decline was generally greater in

the cultivated than in the virgin soil.

Cultivation and Content of Organic-N Forms

Cultivation decreased the content of all N forms markedly,
except nonexchangeable (fixed) NHZ N in surface soils. The propor-
tion of total N as nonexchangeable (fixed) NHZ N increased slightly,
as did total hydrolyzable N and other hydrolyzable fractions such as
ammonium N, hexosamine N, and unidentified N. The percentage of
hydrolyzable amino acid N and nonhydrolyzable N decreased due to
cultivation. The average percent loss of different forms of N on
cultivation decreased in the order (24):

amino acid N (43.0%) > nonhydrolyzabie N (39.4% >

Total N (36.2%) > total hydrolyzable N (35.2%) >

unidentified hydrolyzable N (34.5%) > hydrolyzable

ammonium N (28.6%) > hexosamine N (27.6%) > nonexchang-

able ammonium N (0.2%).



In another study, nondistillable acid-soluble N showed the
greatest decline with cropping, followed by distillable acid-soluble
ammonium N and acid-insoluble N (12).

These studies tend to show that the proportion of individual
organic N fractions in the surface horizon may not be greatly changed
by cultivation, but there normally is quantitative reduction in
amounts of most fractional forms.

Cultivation and Profile Distribution
of Organic N Forms

In many temperate soils, the proportion of the total N present
as amino acid N, amino sugar N, and acid insoluble N range from
30-50%, 5-24%, and 20-30%, respectively. Hydrolyzable ammonium N
and hydrolyzable unknown N (HUN) occur as 20-35% and 10-20%,
respectively, of the total N. With depth, the contents and percent-
ages of the soil N may increase, decrease, or remain the same,
depending on the management or cultural practices, biotic, climatic,
or edaphic factors or the status of decomposition of certain organic
compounds in the soil environment.

Reports have indicated that the proportion of soil N as
amino acid N decreased with depth in different soils (26, 30, 37, 41).
The decrease of amino acid N with depth may be related to the decline
with depth of the microbial population whose cells contain amino
acids.

Several studies have reported that the percentage of amino

sugar N decreased with depth (26, 35, 39, 40, 42). Other studies
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showed that amino sugar N increased with depth (30, 41, 50). It is
not clear why amino sugar N would increase with depth. This pattern
may be related to the higher calcium content in the lower horizons.
Some soils in subtropical regions showed a decline of amino sugar N
with a decrease in percent calcium in the lower horizons (40). A
fairly reasonable explanation for the increase in amino sugar N with
depth may be due to extensive decomposition and turnover which may
1éad to selective preservation of amino sugar N (47, 50). The
selective preservation may be due to protection by adsorption or
complexation with organic and mineral colloids.

Although amino acid N and amino sugar N are the main identi-
fiable organic N compounds in soil hydrolysates, it is important to
know the distribution patterns of the other N forms. The proportion
of soil N as hydrolyzable ammonium N increased with depth in soil
profiles of the Ustoll suborder in western Nebraska (29) and a
podzolic soil in central Sweden (30). An earlier study indicated the
same trend in a wide variety of soils in the north-central U.S. (41).
The rate of hydrolyzable ammonium N increase with depth varied with
the soil type. The increase of hydrolyzable ammonium N with depth
could be due, in part, to the 1iberation of NH3 from clay-fixed NHZ
by acid hydrolysis, rather than from organic compounds (4, 26, 39,
41, 44, 48).

The distribution patterns of organic N forms can vary con-
siderably with the soil type. In mineral soils of the tropical and

subtropical region, total hydrolyzable N and unidentified N increased
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with depth. Acid insoluble N decreased with depth. There was no
consistent pattern in profile distribution in other organic N forms.
Another study showed that total hydrolyzable N, amino acid N, and
ammonium N decreased, but amino sugar N increased with depth in all
but one prefile (12).

Few studies have compared soil profile distribution patterns
of organic N forms in cultivated and their virgin analogues. In
their studies on some soil profiles, Meints and Peterson (29)
reported that the concentration of the organic fractions in both
cultivated and virgin soil profiles declined with depth. However,
cultivation decreased the proportion of total N as nonhydrolyzable N
and amino acid N. It increased the proportion of hydrolyzable
ammonium N, compared to the virgin soil profiles. This indicates
that regqular additions of organic materials without soil disturbance
over a period of time, as in virgin conditions, results in a char-
acteristic distribution of organic N fractions, and that this dis-
tribution can be altered by differential decomposition when cultivated
conditions are imposed. The rate and magnitude of change will be
influenced by the type, quantity, and frequency or organic amend-
ments added or crop residue returned and the length of time that a

given system of management is imposed.

Objectives of Present Research
The nature and pattern of profile distribution of organic N
components in Michigan soils has not been considered in published
literature. The present investigation was undertaken as part of a

cropping systems study to:
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determine the effect of cultivation on the content
and proportion of hydrolyzable and nonhydrolyzable
forms of N

determine the pattern of profile distribution of
organic matter, total N, and fractional forms of N

in some soil types.



MATERIALS AND METHODS

Experimental Sites
Three pairs of soil profiles from cultivated soils and their
virgin analogues were sampled. Each pair of profiles was located
side by side on the same soil type. The cultivated soil profiles
had been under one type of management or another continuously for
at least ten years. The virgin-forested soil profiles had mixed
.vegetation for upwards of 50 years. Location and description of

profile pairs are given in Table 1.

Soil Sampling
Twenty cores were composited for the surface horizons
(0-0.15m) from cultivated and virgin profiles. Twelve cores were
composited for each subsoil horizon. Virgin and cultivated members
of each pair were sampled on the same day. Depths sampled are shown
in Table 1. A1l samples were screened to remove most undecayed and
partly decayed plant residues, air-dried, ground, and stored for

analysis.

Laboratory Analyses
Soil pH was measured with pH meter using a glass electrode on

a 1:1 soil-to-water suspension.

13
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Table 1. Location and management of soils, description of profiles,
and pH and carbon content of sampled soil depths.
Location Soil Type Management Depth pH Organic C
m a/kg
Saginaw Charity %ultivated 0.00-0.15 7.8 14
County clay corn-bean- _
sugar beet 0.15-0.23 7.8 6.7
rotation) 0.23-0.38 7.8 8.4
Virgin 0.00-0.08 6.5 49
(Forest) 0.08-0.15 6.6 24
0.15-0.23 6.5 20
0.23-0.30 6.5 17
0.30-0.38 6.8 12
Barry Kalamazoo Cultivated 0.00-0.15 5.6 26
County sandy loam (Alfalfa-grass
sod) 0.15-0.23 6.8 20
Virgin 0.00-0.08 5.3 28
(Forest) 0.08-0.15 5.0 30
0.15-0.23 4.9 25
0.23-0.30 6.8 23
Ingham Hodunk Cultivated 0.00-0.15 6.5 5.6
County sandy (Potato- _
Yoam corn- 0.15-0.23 6.4 1.7
corn)
Virgin 0.00-0.15 5.2 29
(Forest) 0.15-0.23 4.8 9.9
0.23-0.41 4.8 4.3
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Total Kjeldahl N was determined by the semimicro Kjeldahl
methods described by Bremner (6), Bundy and Bremner (4), and
Bremner and Mulvaney (7).

Easily oxidized organic C was determined by colorimetric
method described by Schulte (34). This method involves chromic acid
oxidation for determination of easily oxidized material through
spontaneous heat. The method was standardized against the Walkley-
Black method (52, 53). C/N ratio was taken as the ratio of total N
to organic C.

Total hydrolyzable N, nonhydrolyzable N, and hydrolyzable N
fractions, to include ammonium N, a-amino acid N, hydroxyamino acid
(serine + threonine) N and hydrolyzabie unknown N were determined
by the methods described by Bremner (5) and Stevenson (42, 45, 46, 47,
49).

A11 analyses were done in duplicate and the va]ues reported
are the means. Analyses were repeated where the duplicates varied

more than 5%.



RESULTS AND DISCUSSION
Distributions of N in Virgin and Cultivated Prdfi1es
Total Kjeldahl N and Organic Carbon

Organic carbon and total Kjeldahl N contents and their dis-
tributions in three Michigan soil profiles are shown in Table 2.

At all three locations, quantities present at each sampling depth
were substantially lower in cultivated than in virgin soil.

The declines in total N and organic carbon were relatively
greater in the Charity and Hodunk soils than in the Kalamazoo. These
differences would appear to reflect differences in management, rather
than differences in genetic properties of soils (Table 1). The
Kalamazoo had been protected by a cover of alfalfa and grass pasture
for 7 years plus manure in the recent past--1980, whereas the Charity
was subject to tillage each year of the rotation and also the Hodunk
during the three years of the rotation.

The pH data in Table 1 indicate that the cultivated Hodunk
soil may have been limed more heavily or recently than the Kalamazoo
soil. The higher pH of cultivated Charity and Hodunk soils would
have been more favorable for microbial pbpu]ations that decompose
crop residues. A larger proportion of annual carbon additions would
have been lost as C0,, and the net mineralization of N would have been

greater. Losses of N from the soils would have occurred mainly through

16
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Table 2. Organic carbon and total Kjeldahl nitrogen in cultivated
and virgin soil profiles.

Charity clay Kalamazoo sandy loam Hodunk sandy loam
vereh NT 0C C/N N 0c C/N N ocC C/N
m ---g/kg --- ---9/kg--- : ---g/kg---
Cultivated
0.00-0.15 1.3 14 11 2.4 26 11 0.84 5.6 7
0.15-0.23 0.87 6.7 8 1.6 20 13 0.46 1.7 4

0.23-0.38 0.53 8.4 16 -- - - - - .-

Virgin
0.00-0.08 4.9 49 10 3.4 29 9 2.4 28 12
0.08-0.15 2.7 24 9 2.9 30 10 0.74 9.9 13
0.15-0.23 1.9 20 11 2.4 25 10 0.42 4.3 10
0.23-0.30 1.5 17 11 1.9 23 12 -- -- --
0.30-0.38 1.4 12 9 - - -- - -~ .-

1~N = Total Kjeldahl nitrogen; OC = Organic carbon; C/N = Carbon-
nitrogen ratio
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removal in harvested crops, although losses by volatilization
denitrification, erosion or leaching may have occurred also.

The C/N ratio of the cultivated Hodunk 0-0.15m and 0.15-
0.23m depth was much lower than at the same depths in its virgin
counterpart. This difference may reflect the fact that the profiles
were sampled in late fall after harvest of corn and before incor-
poration of any surface residues.

Changes in C/N with depth suggest that different genetic
horizons may have intercepted different. proportions of nitrogenous to
carbonaceous compounds or complexes moving downward in percolating
water. There are not enough data to generalize on this point,

however.

Fractional Forms of N

Fractional distributions of N in virgin and cultivated
profiles are presented in Tables 3 through 9. In all cases, the
quantities found at all depths were markedly lower in cultivated
than in virgin soils. In all profiles, the quantities decreased
with each increment of depth, except for the deepest samples in the
virgin Charity clay. At this site, similar quantities of a-amino
acid N (Table 5), amino sugar N (Table 7), and nonhydrolyzable N
(Table 9) were found in the 0.23-0.30m and 0.30-0.38m depths.

Thus, the depleting effects of cultivation extended down-
ward for considerable depths in these profiles and affected all N
fractions. However, different fractional forms decreased at dif-
ferent rates, resulting in wide variation in percentage distribution

of N forms in the different depths.
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Table 3. Content and distribution of total hydrolyzable N in
cultivated and virgin soil profiles.
Depth Charity clay Kalamazoo sandy loam Hodunk sandy loam
m ugh/gt %% ugN/g 7 ugN/g %
Cultivated
6.00-0.15 1111 87.9 2167 89.9 699 83.1
0.15-0.23 674 77.5 1273 80.6 366 79.0
0.23-0.38 531 82.4 -- -- -- -
Virgin
0.00-0.08 3728 74.8 2735 80.4 1895 77.9
0.08-0.15 2307 87.0 2253 77.7 541 72.8
0.15-0.23 1663 86.3 1898 80.4 306 71.3
0.23-0.30 1359 88.8 1549 81.5 -- -~
0.30-0.38 1159 85.8 - -- -- -~
TugN/g soil.
¥ Percent of total Kjeldahl N.
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Table 4. Content and distribution of hydrolyzable ammonium N in
cultivated and virgin soil profiles

Depth Charity clay Kalamazoo sandy loam Hodunk sandy loam

m wN/gt %} ugh/g % woN/g %
Cultivated

0.00-0.15 343 27.1 517 21.4 188 22.3

0.15-0.23 248 28.5 335 21.2 97 20.9

0.23-0.38 216 33.5 -- -- -~ --

Virgin

0.00-0.08 811 16.2 597 17.5 375 15.4

0.08-0.15 668 25.2 577 19.9 149 20.0

0.15-0.23 525 27.2 521 22.0 57 13.3

0.23-0.30 462 30.2 383 20.1 -- --

0.30-0.38 426  31.5 - -- -

*ugN/g,soil.

tPercent of total Kjeldahl N
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Table 5. Content and distribution of a-amino acid N in cultivated
and virgin soil profiles
Depth Charity clay Kalamazoo sandy loam Hodunk sandy loam
T wvet % ¥ wve 3 wN/g
Cultivated
0.00-0.15 349 27.6 832 34.5 182 21.6
0.15-0.23 230 26.4 434 30.6 150 32.3
0.23-0.38 214 33.2 -- -- -- --
Virgin

0.00-0.08 1586 31.8 1149 33.7 785 32.3
0.08-0.15 904 34.1 809 27.9 246 33.1
0.15-0.23 682 35.3 634 26.9 127 29.6
0.23-0.30 452 29.5 555 29.2 -- --
0.30-0.38 507 37.5 -- -- -- -

*ugN/g soil.

#Percent of total Kjeldahl N.
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Table 6. Content and distribution of serine and threonine
(hydroxyamino acid) N in cultivated and virgin soil
profiles

Depth Charity clay Kalamazoo sandy loam Hodunk sandy loam

m w/gt %t ua/g % ugN/g %
Cultivated

0.00-0.15 156 12.3 170 7.0 59 7.0

0.15-0.23 55 6.3 95 6.0 40 8.6

0.23-0.38 59 9.2 -- - -- --

Virgin

0.00-0.08 324 6.5 246 7.2 151 6.2

0.08-0.15 202 7.6 198 6.8 59 7.9

0.15-0.23 143 7.4 147 6.2 44 10.2

0.23-0.30 107 6.9 127 6.6 -- -~

0.30-0.38 79 5.8 - -- -- -~

*ugN/g soil.

*Percent of total Kjeldahl N.
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- Table 7. Content and distribution of amino sugar N in cultivated
and virgin soil profiles
Depth Charity clay Kalamazoo sandy loam Hodunk sandy loam
m wv/gt  2F ugn/g % ugh/g %
Cultivated
0.00-0.15 144 11.4 233 9.7 67 7.9
0.15-0.23 94 10.8 134 8.5 55 11.8
0.23-0.38 94 14.6 -- -- -- --
Virgin
0.00-0.08 444 8.9 383 11.3 194 7.9
0.08-0.15 228 8.6 272 9.3 50 6.7
0.15-0.23 178 9.2 255 10.8 55 12.8
0.23-0.30 144 9.4 211 11.1 -- --
0.30-0.38 155 11.5 -- -- -- --

*ugN/g soil.

} Percent of total Kjeldahl N.
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Table 8. Content and distribution of hydrolyzable unknown
N(HUN) T in cultivated and virgin soil profiles

Depth Charity clay Kalamazoo sandy loam Hodunk sandy loam

m wN/g¥ 4§ ugh/g % ugN/g %
Cultivated

0.00-0.15 275 21.7 585 24.3 262 31.1

0.15-0.23 102 11.7 320 20.2 64 12.8

0.23-0.38 7 1.1 -- -- -- --

Virgin

0.00-0.08 887 17.8 606 17.8 541 22.2

0.08-0.15 507 19.1 595 20.5 96 12.9

0.15-0.23 ~ 278 14.4 488 20.6 67 15.6

0.23-0.30 301 19.6 400 21.0 -- --

0.30-0.38 71 5.2 -- -- -- --

FHUN = Total hydrolyzable N minus (ammonium N + a-amino
acid + hydroxyamina acid N + amino sugar N).

Yugh/g soil.
§ Percent of total Kjeldahl N.
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Content and distribution of nonhydrolyzable Nﬂ.in culti-

Table 9.
vated and virgin soil profiles
Depth Charity clay Kalamazoo sandy loam Hodunk sandy loam
m ugh/gF % ugh/g % ugN/g %
~ Cultivated
0.00-0.15 153 12.1 243 10.0 142 16.8
0.15-0.23 196 22.5 307 19.4 97 20.9
0.23-0.38 113 17.5 -- -- -- --
Virgin
0.00-0.08 1256 25.2 665 19.5 537 22.0
0.08-0.15 343 12.9 647 22.3 202 27.2
0.15-0.23 264 13.7 462 19.6 123 28.7
0.23-0.30 171 11.2 351 18.6 -- --
0.30-0.38 191 14.1 -- - -~ --

iNonhydrolyzab]e N - Total Kieldahl N minus

¥ ugN/g soil.

§Percent of total Kjeldahl N.

total hydrolyzable
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In the cultivated profiles, total hydrolyzable N as percent
of total Kjeldahl N in each depth decreased below the 0.0.15m
layer (Table 3). A similar reduction occurred below the 0-0.08m layer
in the virgin Kalamazoo and Hodunk soils, whereas an increase
occurred below the 0.08-0.15m layer in the Charity.

Changes in the proportion of nonhydrolyzable N (Table 9)
were, of course, related inversely to these changes in the total
for hydrolyzable forms. Sharp increase in illuvial (subsurface)
layer probably represent nitrogenous materials intercepted and
retained as resistant polymers and complexes.

The. proportion of hydrolyzable NHZ (Table 4) increased with
depth in the Charity profiles and the virgin Kalamazoo. Such
increases have been reported frequently (29, 30) and often attributed
to release during acid hydrolysis of clay-fixed NHZ (4, 17, 26, 29,
30, 38, 41, 44, 48). Re]easecﬁ’NHz during hydrolysis from labile
amides, imino compounds, and certain oa-amino acids as tryptophane
might also be expected to increase with depth (2, 6, 26, 38).

Except in the virgin Charity soil, hydrolyzable NHZ tended

to vary directly with C/N ratio. This result would agree with

+
4

is at variance with others where the percentage of total N as

reports that fixed NH, and C/N both increase with depth (17), but
hydrolyzable NHZ varied inversely with C/N ratio (10).

No consistent patterns of change with depth were observed
for a-amino acids (Table 5) or hydroxyamino acids (Table 6). There

was some tendency for amino sugars to increase relative to TKN in the
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deeper horizons, as has been reported by others (30, 41, 50). The
proportion of hydrolyzable unknown N (HUN) (Table 8) tended to
decrease with depth in all but the virgin Kalamazoo profile. This
decrease was sharp in the lower depths of the Charity clay.

It would appear that the level of TKN, as well as the dis-
tribution of fractional forms in these profiles represents a dynamic
equilibrium at each depth between the rate of addition of C and N
(as p]anﬁ debris or mobile materials eluviated from above) and the
rate of removal (by mineralization and leaching or by conversion of
one fractional form to another).

Effects of Cultivation on Distribution of N
in Surface Soil Layers
Changes in Total Kjeldahl N

Disturbance of soils by tillage increased porosity and
aeration, thereby increasing the rate of decomposition of plant
residues. Breakdown of aggregates by soil-working equipment also
exposes previously protected matrix surfaces to interaction with the
microbial biomass and with chemical systems in percolating soil
water. As a result, a larger proportion of the native soil organic
matter can enter into active cycles of mobilization-immobilization
turnover (21, 28, 32). The rate of recycling and extent to which the
release of mineralized N can occur may be enhanced further when
microbial activity is stimulated by additions of 1ime to unfavorably
acid soils.

The above impacts of cultivation are expressed directly on

surface layers that are actually disturbed by tillage operations.
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In Table 10, recoveries of N and percentage distributions of frac-
tional forms, as the means for surface layers to 0.15m in virgin
soils, are compared with values found in the plow layer (0-0.15m)
of their cultivated counterparts.

It can be calculated from these data that the magnitude of
total Kjeldahl N losses attributable to cultivation was above 67%
in the Charity clay and 65% in the Hodunk sandy loam. These values
compare with declines of 60 to 70% observed after 80 to 100 years
under moderately intensive to intensive management systems in the
prairies and great plains of midwestern U.S.A. (13, 15, 16, 18).

In the cited studies, organic matter and N in surface soils
decreased at a declining rate over a period of 60 to 80 years, after
which a new equilibrium was established between annual inputs and
losses of C and N. The percentage depletion of soil organic matter
and N (to the point where reduced levels became stable) varied
directly with cu]fivation intensity and inversely with such factors
as the proportion of legumes in the rotation, the level of amendment
with animal manures and fertilizers and the level of crop yields
maintained.

The cultivated soils at all three sites in the present study
had probably been cleared and brought under cultivation at least
75 years ago. The fact that two-thirds of the N initially present
had apparently disappeared from the plow layers of Charity and
Hodunk soils indicate that these two soils had attained stable

equilibrium under depletive rotations involving mainly cultivated



Table 10.

Distribution of organic N fractions in cultivated and virgin surface (0.00-0.15m) soils

Soil Type & TKN*‘ Hydrolyzable N N THN/
Management THN AN AAN ASN HUN NHN
ug/gt wg/g % w9/9 % wa/9 % wa/g % wa/fg % ug/g %

Charity clay

Virgin§ 3817 3016 79.0 738 19.3 1245 32.6 33 8.8 697 18.4 801 20.9 3.8

Cultivated 1264 1111 87.9 343 27.1 349 27.6 144 11.4 275 21.7 153 12.1 7.3
Kalamazoo sandy loam

Virgin 3150 2493 79.1 587 18.6 979 31.0 327 10.3 600 19.0 657 20.9 3.8

Cultivated 2410 2167 89.9 517 21.4 832 34.5 233 9.7 585 24.3 243 10.0 8.9
Hodunk sandy loam

Virgin 2432 1895 77.9 375 15.4 785 32.3 194 7.9 541 22.2 537 22.0 3.5

Cultivated 841 679 80.7 188 22.3 162 19.3 67 7.9 262 31.1 162 19.3 4.2
Means Virgin 3133 2468 78.8 567 17.8 1003 32.0 286 .0 613 19.6 665 21.2 3.7
Means Cultivated 1505 1319 87.6 349 23.6 448 27.1 148 9.7 374 25.7 18 13.8 1

1‘TKN = Total Kjeldahl N; THN = Total hydrolyzable N; AN
amino sugar N; HUN = hydrolyzable unknown N; HNH
hydrolyzable N:nonhydrolyzable N ratio.

$ ug/g = ugN/g soil; % = percent of total Kjeldahl N.

Ammonium N; AAN = c-amino acid N; ASN
Nonhydrolyzable N; THN/NHN = Total

§ Virgin soil, average of 0.00-0.08m and 0.08-0.15m; Cultivated soil, 0.00-0.15m.

6¢
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crops (Table 1). The calculated Toss for the Kalamazoo soil was
only 23%. Management here would appear to have been much less
depletive, at least in recent years.

It is not known what cropping systems may have been used
at these sites over the decades since they were first cleared. The
alfalfa-grass cover had been in place on the Kalamzaoo soil for 8
years plus manure in the recent past. Normally, annual equilibria
under forage legumes and grasses are shifted in the direction of net
increases in soil organic matter and N. It may be inferred that the
cultivated Kalamazoo was in a "soil building" rather than a "soil

depieting" cycle at the time these samples were taken.
Changes in Fractional Forms of N

The quantities of total Kjeldahl N and all fractional forms
in surface layers (Table 10) were very much lower in the cultivated
than virgin soils. However, the decreases within fractional forms
were not proportional to the decreases in total Kjeldahl N. This
may be seen in Figs. 1, 2, and 3, where the percent decrease within
fractions is entered beside each pair of bars depicting content.

In all three soils, the percent decrease in the NHN fraction
(not hydrolyzable in 6M HC1) was very much greater than the overall
decrease in total Kjeldahl N, whereas the decrease in total hydro-
lyzable N (THN) was less. These differential decreases in Figs. 1 to
3 are reflected in the percentage distributions in Table 10. The

proportion of total Kjeldahl N susceptible to hydrolysis (THN)
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Content of organic N fractions in cultivated (C) and virgin (V) surface (0-0.15m) in
a Charity clay soil. Numbers beside each pair of bars indicates % decrease due to
cultivation. TKN = total Kjeldahl N; THN = total hydrolyzable N; AN = hydrolyzable

ammonium N; AAN = amino acid N; ASN = amino sugar N; HUN = hydrolyzable unknwon N;
NHN = nonhydrolyzable N.
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Content of organic N fractions in cultivated (C) and virgin (V) surface (0-0.15m) in
a Kalamazoo sandy loam soil. Numbers beside each pair of bars indicate % decrease
due to cultivation. TKN = total Kjeldahl N; THN = total hydrolyzable N; AN =
hydrolyzable ammonium N; AAN = amino acid N; ASN = amino sugar N; HUN = hydrolyzable
unknown N; NHN = nonhydrolyzable N.
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Content of organic N fractions in cultivated (C) and virgin (V) surface (0-0.15m)

in a Hodunk sandy loam soil. Numbers beside each pair of bars indicate % decrease
due to cultivation. TKN = total Kjeldahl N; THN = total hydrolyzable N; AN =
hydrolyzable ammonium N; AAN = amino acid N; ASN = amino sugar N; HUN = hydrolyzable
unknown N; NHN = nonhydrolyzable N.
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increased, while the percentage not hydrolyzed (NHN) decreased. As
a result, the ratio THN/NHN increased from 3.8 in the virgin Charity
clay to 7.3 in the cultivated counterpart, and from 3.8 to 8.9 in
the Kalamazoo soil. The increase from the Hodunk sandy loam was
less, from 3.5 for virgin to 4.2 in cultivated soil.

Among the hydrolyzable forms in Table 10, the percentage
distribution of hydrolyzable NHZ (AN) and the hydrolyzable unknown
(HUN) fraction increased in all three cultivated surface soils.

The proportion of total Kjeldahl N present as c-amino acids (AAN)
in the cultivated Kalamazoo had increased also, but had declined
sharply with tillage in the Charity and Hodunk soils. Decreased
proportions of amino sugar N-(ASN) and serine + threonine N (STN)
were found in the cultivated Charity, but their contribution to
total Kjeldahl N in the other two soils was essentially unchanged
to tillage.

An important effect of cultivation is the disrupfion of
aggregated structures and the exposure of previously protected humic
substances to the action of soil microbes and chemical systems in
the soil solution (28). Modeling studies indicate that 50% of the
humus in virgin soils may be protected by adsorption or entrapment
in the soil matrix, whereas the degree of protection in soils under
cultivation may be as Tow as 10% (32).

The large decreases (63 to 81%) in the NHN content of all
three soils (Figs.1 to 3) undoubtedly reflect the increased exposure
and decreased stability of humic substances previously stabilized by

adsorption, polymerization, condensation or entrapment.
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These decreases in NHN were accompanied by relatively much
smaller decreases in hydrolyzable NHZ (AN) and the unknown (HUN)
fraction (Figs. 1 to 3). As the result of these differentiatl
decreases in content, the AN and HUN fractions actually increased
as percent of total Kjeldahl N in cultivated soils (Table 10).

It is generally agreed that the N that is not hydrolyzed by
6M HC1 (NHN fraction) exists mainly in the form of stable humic
acids and humin; whereas, the hydrolyzable AN and HUN fractions origi-
nate in fulvic acids and less tightly bound peripheral groupings
in humic acids and humin (32, 47, 51). As an average for all three
soils, the ratios AN/NHN and HUN/NHN increased by a factor of 2
(Table 11). This again reflects increased exposure and decreased
stability of humic substances due to cultivation. Similar relation-
ships have not been pointed out by other authors, although instances
can be found in published data where large losses of total N have

occurred due to cultivation (24).

Fractional Contributions to Total Kjeldahl N Loss

In Fig. 4, fractional decreases have been represented as
percent of total Kjeldahl N loss. In the Charity and Hodunk soils,
the apparent contribution of the various fractions to loss was
roughly proportional to the quantities and proportions present
before cultivation (Table 10 and Figs. 1 and 3). This result
is similar to the experience of other investigations (24, 29).

The results with the Kalamazoo soil were strikingly differ-

ent (Fig. 4). The decrease in the NHN fraction accbunted for
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Table 11. Effect of cultivation on NH, and unidéntified N in acid
hydrolysates in relation to nonhydrolyzable N.

AN/NHN™ HUN/NHN

Soil Type

Virgin Cultivated Virgin Cultivated
Charity clay 0.9 2.2 0.9 1.8
Kalamazoo 0.9 2.1 0.9 2.4
sandy loam
Hodunk sandy 0.7 1.3 1.9 1.8
1o0am
Means 0.8 1.9 0.9 2.0
AN = hydrolyzable NH, N, HUN = hydrolyzable unknown N,

NHN = nonhydrolyzable N.
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Fig. 4. Decrease in content of organic N fractions expressed as percent of total N
loss due to cultivation.

AN = hydrolyzable N, AAN
ASN = amino sugar N, HUN

a-amino acid N, STN = serine + threonine N,
hydrolyzable unknown N, NHN = nonhydrolyzable N.
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one-half of the total Kjeldahl N lost from the virgin soil. The
apparent percent contributions of AN, AAN, and HUN were much less than
in the other two soils and wére also much less than their original
proportion of total Kjeldahl N (Table 10). Decreases in ASN and STN,
as percent of total loss in the Kalamazoo (Fig. 4), were similar to
their percentage of total Kjeldahl N before cultivation.

Patterns of loss at the three locations are clearly related
to differences in current management and, perhaps, also the soil pH
(Table 1).

It is not known how long the cultivated Kalamazoo soil had
been in alfalfa-grass at the time of sampling. It is apparent in
Fig. 2 that under the protection afforded by sod cover residues and
exudates from the legume-grass mixture were supporting a spectrum of
N in hydrolyzable forms that was very similar to that in the virgin
soil. The annual rate of return of N was such that the degree of
depletion of all hydrolyzable forms was very much less than in the
Charity clay (Fig. 1) or the Hodunk sandy loam (Fig. 3).

The degree of depletion of the NHN fraction in the culti-
vated Kalamazoo sandy loam was much greater than for the hydrolyza-
ble fraction (Fig. 2). This may be residual evidence of more
depletive management in the past, in which case the levels found
in hydrolyzable forms would represent recoveries from more depleted
levels prior to the establishment of the alfalfa-grass stand. It
would appear that inputs of N due to Nz—fixation by the alfalfa

may have equilibrated quickly with hydrolyzable fractions, whereas
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further conversion to stable humic complexes may not have had time
to proceed to equilibrium at a level of NHN approaching more closely
that in the virgin soil.

The apparent fractional contributions to total Kjeldahl N
loss as calculated for Fig. 4 serve to focus on changes that can be
interpreted usefully in terms of equilibrium shifts due to depletive
vs. conservative management practices. Obviously, they do not pro-
vide any basis for judging whether one form of N is more susceptible
to mineralization than another, and therefore, more significant as a
source of "available N" for crops. Comparison of Fig. 4 with
Figs. 1, 2, and 3 does indicate that the hydrolyzable fractions
respond more quickly to changes in management and are therefore more

"active" than materials that are not hydrolyzed by acid.



SUMMARY AND CONCLUSIONS

Effects of cultivation on organic matter content and on
distributions of N in hydrolyzable and nonhydrolyzable forms were
assessed by comparing data for paired virgin and cultivated profiles
at three locations.

Decreases in organic carbon and total Kjeldahl N in culti-
vated surface soils and underlying subsoil layers were related to the
intensity of current management. In a corn-navy bean-sugar beet
rotation on Charity clay, organic C in the plow layer was reduced 62%
from that in the wooded virgin soil to the same depth. The reduction
for a potato-corn-corn sequence on Hodunk was 80%. By contrast,
organic C in Kalamazoo sandy loam under alfalfa-grass sod was only
13% Tess than under forest cover.

Corresponding decreases in total Kjeldahl N were 67% and 65%
for the Charity and Hodunk soils and 23% for the Kalamazoo. Decreases
in the nonhydrolyzable fraction were substantially greater: 81%
and 70% for the two currently tilled sites and 63% for the sodded
Kalamazoo.

As a result, the proportion of nonhydrolyzable N to total
Kjeldahl N in cultivated soils was reduced by approximately 40%. This
reduction and a corresponding relative increase in the proportions

of hydrolyzable NHZ and unidentified N were taken as evidence that
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the stability of humic acids and humin had been weakened (their
hydrolyzability increased) by increased exposure at matrix surfaces
resulting from disturbance by tillage operations in all three loca-
tions.

Effects of current management became strikingly apparent
when fractional declines were expressed as percentages of total
Kjeldahl N loss. Under depletive cash crop systems on Charity and
Hodunk soils, apparent contributions of the various fractional forms
to total loss were roughly proportional to quantities and proportions
present before cultivation, with the major proportion coming from the
a~-amino acid fraction. |

By contrast, inputs of N fixed by alfalfa in the Kalamazoo
soil had supported a spectrum of N in hydrolyzable fractions that
was similar to that in the virgin soils. The apparent percent con-
tributions of o-amino acids, hydrolyzable NHZ and unidentified N
were much less than in the other two soils and less also than their
original proportion of total Kjeldahl N.

It is concluded that acid hydrolyzable fractions include
"active" forms that respond quickly to changes in current management.
Changes involving stable humic substances in the nonhydrolyzable
fraction apparently proceed much less rapidly and may reflect past
management. It is unlikely, however, that susceptibility to acid
hydrolysis can provide a basis for estimating the availability of N
forms to crops without some basis in known management history for
judging whether soils are in a depletive or conservative phase of

management.
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CHAPTER III

INFLUENCE OF CROPPING SYSTEMS ON FORMS OF NITROGEN
IN A CLAY SOIL

Organic matter and nitrogen continue to play significant
roles in soil fertility and crop production. Maintaining and improv-
ing the fertile and productive status of agricultural soils require
steady, but adequate, return of organic matter as crop residues to
the soil through a planned intensive management practice. But inten-
sive cultivation results in deterioration of soil properties which
are costly and difficult to repair. The degradation of soil is often
attributed to a gradual decline in organic matter which tends towards
equilibrium with time. Moreover, crops are actual nutrient "miners"
and "depositors.” They are also potential toxin "excreters."
Therefore, a planned selection and sequencing of crops is desirable
in terms of adequate mineral nutrition, allelopathic effects of one
crop species on another and yields.

The effectiveness of a cropping system in maintaining organic

matter and N aepends on the crop species in the rotation,the C/N

ratio of the residues,duration of residue application, and incor-
poration method. Effects of crop species and cropping sequence on
organic matter and N are due to differences in rooting habits and in

quantity and quality of residues returned. For example, carbonaceous

47



48

residues low in N are decomposed by microorganisms at the expense of
available soil N (24).

Studies of the effect of rotations indicated that organic
- matter and total N losses were least in rotations that included small
grains and legumes with large or frequent amendments with Tivestock
manures and/or fertilizers plus lime as needed (10, 12, 22, 23).
Losses were greatest in continuous row cropping with T1ittle or no
application of soil amendments (1, 8, 16, 27). In another study,
continuous wheat, bluegrass and ladino clover-orchard grass pasture
increased organic matter while continuous soybeans and corn reduced
it over time (42). A1l treatments showed N loss except where peas
were rotated with winter wheat. In the same study all treatments
resulted in organic matter gains except plots in permanent fallow
and those cropped 2 years with one intervening fallow in a 25-year
rotation on a clay loam soil in Utah (11). Studies on the dryland
soils of Kansas, from 1916 to 1956 (9) demonstrated that small grains
grown continuously or alternating with fallow caused the smallest N
and organic matter losses compared to continuous row crop, alternate
row crop, and fallow which showed the greatest (15). Little infor-
mation is available on rotations that include corn, navy beans,
sugar beets in various combinations.

The types of crops grown do affect the degree of organic
matter and N maintenance. However, investigators have also reported
that specific management practices, such as fertilization, tillage
practices, and residue application, may be more significant in main-

taining organic matter and total N than the crop species.
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In their 54- to 72-year study, White et al. (46) reported
that NPK application was more effective in maintaining organic
matter and N Tevels over time in the continuously cultivated than in
the adjacent grassland soils. In a later 10-year study, Lee and
Bray (18) reported that the overall trend of absolute N loss with
time was evident in all treatments, although PK fertilization appeared
to maintain the organic matter and N contents at higher levels rela-
tive to the untreated plots. They concluded that applications of more
fertilizer might have increased the organic matter and N contents.
These findings appear to have been confirmed by the work of Mazurak
and Conrad (20). They found that application of N fertilizers on
grasses, alfalfa, and small-grains increased the total N content of
Brunizem, Chernozem, and Chestnut surface soils err a 7-year cropping
history. However, large applications of NPK and 1lime, in another
long-term study on 3 soil types, showed continuing decline in total
N with time (21). In another study, Young et al. (47) found that
total N and OM content declined regardless of the fertilizer treatment,
but the rate of decline was greater in the check plots than in those
that received the fertilizer treatment.

In general, these studies indicate that the effectiveness of
fertilization in maintaining levels of N and organic matter over time
may vary widely with cropping system, soil type, and climatic condi-
tions.

Other investigations have examined the role of tillage practices
in maintaining organic matter and total N. In general, losses of

organic matter and N are reported for tillage practices that greatly
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disturb soil structure or leave the soil unprotected by vegetation

or residues for periods of time (12, 14, 23, 43). The degree of
depletion increases with increasing intensity and frequency of
tillage and with decreasing proportion of sod crops, notably legumes,
in the rotations. Current practices are re-emphasizing the need‘to
adopt no-till or minimum tillage practices as a measure for organic
matter and N maintenance.

In crop rotations, each crop in the sequence affects the
physical, chemical, and biological properties of the soil in varying
degrees. Changes in soil properties affect the growth and yield of
succeeding crops. An important way that crops affect soil properties
is the return of organic matter as crop residues after harvest of the
crops. In the rotation, the type and amount of crop residues
returned annually affect the content and proportion of the various
organic N fractions due to differences in crop composition, decomposi-
tion rates and suitability as substrates for the microbial population.

Cropping sequences and management practices that maintain
high turnover rates through frequent return of carbonaceous residues
tend to increase the contents of soil organic matter and nitrogen
and change the relative proportions and composition of their various
fractions. In general, changes in organic N fractions are propor-
tional to significant changes in soil organic matter and total N.
However, variations in fractional distribution can be observed iﬁ
the absence of significant differences in organic matter and total

soil N. This is important in short-term studies where remarkable
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differences in total soil N due to cropping sequence and residue
additions may not be noticed, but the proportions of the various
organic forms may vary significantly.

Absolute contents of these organic forms vary widely in soils
and variations are not only due to the quality and quantity of crop
residues, but also due to differences in extraction, fractionation,
and purification procedures. Of the total soil N, 30 to 50% occur
as amino acid N, 5 to 24% as amino sugars, and 20 to 35% as acid-
insoluble N (2, 6, 30, 34, 35, 36, 41).

In a long-time rotation study on a Flanagan silt loam
(Brunizem), the corn-oats-clover rotation with annual applications of
farmyard manure and crop residues hada higher proportion of the
total N as amino acid N than the continuous corn and corn-oats
rotations without manure and residue additions (33). The relative
distribtuion of amino acids varied with rotations. However, it was
not apparent from this study whether the observed differences were
due to the inclusion of clover in the rotation, the addition of
manure and crop residues, or a combination of both.

The proportions of total N as amino acid N and amino sugar N
in soils from a 5-year rotation of grains and legumes were signifi-
cantly greater than those from a wheat-fallow system even though
there were no remarkable differences in total soil N (17). This
study indicated that legumes in a rotation make a significant con-
tribution to the formation of nitrogenous compounds in soils.
Cropping systems can also have a significant effect on the kinds of

amino acids in the amino acid fraction of the soil (31). On the
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other hand, it has been reported that the incorporation of leguminous
residues tended to lower the o-amino acid N due to more complete
degradation of the amino acids in the crop residues compared to
carbonaceous residues such as corn (13).

Under field conditions, independent effects of crop residues
are difficult to separate from the effects of several other environ-
mental variables. In rotation studies, the effects attributed to
crop residues are cumulative for previous treatments in the particular
cropping sequence. Furthermore, accurate measurements of amounts
returned annually by each crop type in the sequence are hard to come
by. Only estimates are used to interpret results in most residue
studies in cropping systems under field conditions.

In this study, the cropping systems involve alfalfa, navy
beans, corn, and sugar beets, occurring from 25 to 75% of the time
in the rotation. The objectives of this investigation were:

1. To determine the influence of cropping systems on

the changes in soil organic matter and total N with
time in a Charity clay.

2. To determine the content, proportion, and relative

change of organic N fractions as influenced by

various cropping systems.



MATERIALS AND METHORS
Field Experiment

A cropping system research project was initiated in 1972 on
the Bean and Beet Research Farm in the Saginaw Valley of Michigan.
The objectives of the study were:

1. To determine the effect of rotation length,

cropping system, and cropping sequence on pro-
duction, yield, and quality of navy beans and
sugar beets

2. To evaluate the effect of these systems on spe-

cific soil properties related to yield.

The seven cropping systems in this investigation were selected
from twelve cropping systems in the whole reseérch project. They
included the following crops: corn (Zea mays L.), sugar beets (Beta

vulgaris L.), navy beans (Phaseolus vulgaris L.), oats (Avena sativa

L.), and alfalfa (Medicago sativa L.). The selected systems were:

1. C-Bn-Bn-SB

2. (C-C-Bn-SB

3. C-C-C-SB C = Corn; Bn = Navy beans;
SB = Sugar beets; 0 = oats;

4. C-SB A = Alfalfa

5. Bn-SB

6. 0-A-Bn-SB

7. 0-Bn-SB
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The complete sequence of crops in each rotation was grown each
year.

A1l crops received adequate P205 and micronutrients based on
soil test levels. No additional fertilizer K was applied due to an
adequate soil test K level. Annual N applications and crops for
each year in the rotation are indicated on Table 1.

The plots (5.73 x 20.12m) were laid out on a Charity clay

in a randomized complete block design with 4 replications.
Soil Type

The soil type was a Charity clay (Aeric, Hapleaquept, fine,
illitic, calcareous, mesic) (Appendix B3). The soil test results for
the general research area were: pH, 7.7; Bray P; phosphorus, 38 kg/ha;
exchangeable K, 506 kg/ha; exchangeable Ca, 11,267 kg/ha; exchangeable
Mg, 1, 852 kg/ha and percent organic matter, 4.3 (26).

Soil Sampling

In June, 1972, 20 core samples were randomly taken from the
plow layer (0-0.23 m) of each plot. A1l plots which had been in the
crops listed for 1983 Table 1 were sampled again in November, 1983.

A composite sample for each plot was obtained after passing the

core samples through a 5 mm screen. Surface residues were removed
from the samples. The air-dried samples were first ground to pass
through a 2 mm sieve and aliquots were then ground to pass an 0.18 mm

sieve before being used for the various analyses.



Table 1. Crops grown and supplemental N applied to cropping systems from 1972 to 1985+

C-Bn-Bn-Sb#z C-C-Bn-SB C-C-C-SB C-sB Bn-SB 0-A-Bn-SB 0-Bn-SB
Suppl § Suppl. Suppl. Suppl. Suppl. Suppl. Suppl.
Year Crop N Crop N Crop N Crop N Crop N Crop N Crop N
kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha
1972 C 150 Bn 30 c 150 c 150 Bn 30 0 56 0 56
1973 Bn 28 SB 50 C 168 SB 50 SB 84 A 0 Bn 28
1974 Bn 28 C 224 c 106 c 224 Bn 28 Bn 28 SB 50
1975 SB 50 C 140 Sb 50 SB 50 SB 84 SB 50 0 56
1976 C 168 Bn 28 c 224 c 224 Bn 28 0 56 Bn 28
1977 Bn 28 SB 56 c 168 SB 56 SB 84 A 0 SB 56
1978 Bn 28 c 168 c 168 c 224 Bn 28 Bn 28 0 56
1979 SB 56 C 168 SB 56 SB 56 SB 84 SB 56 Bn 28
1980 C 168 Bn 128 c 168 c 224 Bn 28 0 56 SB 56
1981 Bn 28 SB 56 c 168 SB 56 SB 84 A 0 0 56
1982 Bn 28 C 168 c 168 c 224 Bn 28 Bn 28 Bn 28
1983 N 56 C 168 SB 56 SB 56 SB 84 SB 56 SB 56

+Each crop in each cropping system was grown each year. Samples for this study were taken in June 1972 and
November 1983.

i C = Corn; Bn = Navy beans; SB - sugar beets; 0 = Oatsg A = Alfalfa
§ N in basal fertilizer at planting: Corn, 40; beans, 60; beets, 30; oats, 30; alfalfa, none

SOURCE: Research Reports. 1972 to 1983. Saginaw Valley bean-beet-research farm and related bean-beet research,
MSU, Agr.- Exp. Stn.
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Laboratory Analyses

Total Kjeldahl N was determined by semimicro Kjeldahl methods
described by Bremner (3), Bundy and Bremner (7), and Bremner and
Mulvaney (5).

Easily oxidized organic C was determined by colorimetric
method described by Schulte (28). This method involves chromic
acid oxidation for determination of easily oxidized material through
spontaneous heat. The method was standardized against the Walkely-
Black method (44, 45). Organic matter was taken by multiplying %C
by 1.724. |

C/N ratio was taken as the ratio of total N to C.

Total hydrolyzable N(THN), hydrolyzable ammonium N (AN),
amino acid N (AAN), amino sugar N (ASN), hydrolyzable unknown N (HUN),
and nonhydrolyzable N (NHN) were determined by methods described by
Bremner (4) and Stevenson (37, 38, 40).

Statistical Analyses

Data were subjected to analysis of variance and other essen-
tial analyses using methods described by Snedecor and Cochran (29),

Steel and Torrie (32) and Little and Hills (19).



RESULTS AND DISCUSSION

Effect of Cropping System on the
Distribution of N Over Time

Changes in Total Kjeldahl N
and Organic Carbon

The contents of organic carbon and total Kjeldahl N in 1972
and after 11 years of rotational cropping are shown in Table 2. The
quantities were lower in 1983 than in 1972 in all cropping systems.
The decline of total Kjeldahl N and organic carbon due to cropping
ranged from 5.9 to 10.5% and 12.3 to 17.0%, respectively. This
representst.S to 1.0% loss of N and 1.1 to 1.5% loss of organic carbon
annually over the ll-year cropping period. This compares with 1.07%
and 1.15% annual loss of soil N and organic C, respectively, over a
37-year cropping period in the Great Plains (12). Information con-
cerning cropping practices prior to 1972 is not available. The small
decline of soil N and organic carbon appears to indicate the estab-
lishment of equilibrium between the rate of annual inputs and losses.
The C/N ratios declined in all cropping systems over time. The
average C/N change ratio of 0.90 was very similar to the values for the
individual cropping systems (Table 2).

Although organic carbon and soil N decreased over time, the
percentage depletion did not appear to vary significantly among the

cropping systems. This appeared to indicate that all the cropping
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Table 2. Effect of cropping system on total Kjeldahl N and organic carbon levels and carbon-
nitrogen ratio in a Charity clay soil.

Cropping o.ct . ¥ C:N . C:N
System 1972 1983 Change 1972 1983 Change Ratio 83/72
C-Bn-Bn-SB 16.8 14.7 -12.5 9.33 8.49 - 9.00 0.90
C-C-Bn-SB 16.5 14.4 -12.7 9.21 8.62 - 6.40 0.93
C-C-C-SB 17.6 14.7 -16.5 9.46 8.54 - 9.72 0.90
C-SB 16.6 14.2 _14.5 9.54 8.40 -11.90 0.88
Bn-SB 16.4 13.6 -17.1 8.86 8.29 - 6.43 0.93
0-A-Bn-SB 17.6 14.7 -16.5 9.83 8.85 - 9.96 0.90
0-Bn-SB 16.2 13.9 -14.2 9.36 8.22 -12.20 0.87
Means 16.8 14.3 -14.9 9.38 8.46 - 9.80 0.90
LSDy s NS § NS -- NS NS - --

"'O.C = Easily oxidizable organic carbon
:I:% Change = The percentage of mean values with cropping, based on initial values

9NS = Not significant at 95% probability level
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systems, regardiess of the proportion of corn or legume in the rota-
tions, contributed to a "soil depleting," rather than a "soil building"
cycle. The eleven-year cropping period seemed short for significant
differences to occur among the cropping systems, though real differ-
ences occurred. In the virgin-cultivated comparisons of Chapter II,
declines in organic carbon and soil N were large and these reflected
differences in intensity of current management among the sampling

sites.
Changes in Fractional Forms of N

The quantities and distribution of fractional N forms are
presented in Table 3. The fractional forms of N increased or
decreased after eleven years of cropping.

The mean values show that the present decrease of total
Kjeldahl N not hydrolyzed by 6M HC1 (NHN) was about three times as
great as total Kjeldahl N. The percent decrease in total hydrolyzable
N (THN) was less than that of total Kjeldahl N (Table 3). The pro-
portion of TKN present as nonhydrolyzable N decreased by 15%,
while that of THN increased by 4% (Table 4). That give an average
jncrease in THN/NHN ratio from 4.0 in 1972 to 5.1 in 1983 (Table 5).

In general, the proportion of TKN as hydrolyzable NH, (AN)
and hydrolyzable unknown N (HUN) increased, while that of amino acid
N (AAN) and amino sugar N (ASN) decreased in most cropping systems
(Table 4). Furthermore, the concentration of NHN (Table 3) decreased

by 20% on the average compared to decreases of 2% (THN) and 6% (TKN).



Table 3. Effect of cropping system on the concentration of nitrogen forms and percentage change.

Hydrolyzable N

Cropping TKN %t THN § q AN g AAN g ASN q HUN q NHN g
System 1972 1983 Change 1972 1973 Change 1972 1983 Change 1972 1983 Change 1972 1983 Change 1972 1983 C(Change 1972 1983 C(Change
~-mg/kg—~ —-ng/kg—- ~-mg/kg—- --mg/kg—- w—mg kg~ --mg/kg-~ ~-mg/kg—

C-Bn-Bn-SB 1802 1732 - 3.9 1470 1416 4.0 433 453 +4.6 634 449 -29.2 261 118 -54.8 147 396 +169 332 316 - 3.4
C-C-Bn-SB 1798 1677 - 6.7 1401 1390 0.8 455 424 -6.8 550 492 -10.5 158 152 -3.9 238 322 + 35.3 397 287 -27.7
C-C-C-SB 1863 1727 - 7.3 1468 1479 . 0.7 479 477 -0.4 603 497 -17.6 171 134 -21.6 215 371 +72.6 395 248 -37.2
C-SB 1746 1695 - 2.9 1423 1394 2.0 421 410 ~-2.6 555 467 -15.8 189 184 - 2.6 258 333 +29.0 323 301 -6.8
Bn-SB 1851 1648 -10.9 1398 1429 2.2 428 410 -4.2 58 555 -5.3 189 155 -18.0 195 309 +58.5 453 219 -51.6
0-A-Bn-SB 1793 1666 - 7.0 1484 1377 7.2 404 435 + 7.7 577 488 -15.4 188 140 -25.5 315 314 - 0.3 309 289 - 6.5
0-Bn-SB 1733 1696 - 2.1 1425 1401 1.6 453 399 -11.9 528 510 - 3.4 189 134 -29.1 255 358 +40.4 307 295 - 4.5
Means 1798 1691 - 5.8 1439 1412 1.8 439 430 -1.9 576 494 -13.9 192 145 -22.2 232 343 +57.8 359 279 -19.6
LDy o5 NS NS -- NS NS -- 43.5 32.2 -- 39.7 NS -- 45.5 NS -- 84.4 NS -- NS NS --

*IKN = Total Kjeldahl nitrogen

% Change = Percentage change of mean values with cropping, based on initial values.

§ THN = Total hydrolyzable N; AN = hydrolyzable ammonium N; AAN = amino acid N; ASN = amino sugar N; HUN = hydrolyzable unknown K;

NHN = nonhydroiyzable N.



Table 4. Effect of cropping system on the distribution of total Kjeldahl N among organic N fractions and percent change.

Hydrolyzable N

Non-

hydrolyzable N
Cropping THN+ ¢ * AN g AAN % ASN g HUN ‘ ¥ (NHN) g
Systenm 1972 1983 Change 1972 1983 Change 1972 1983 Change 1972 1983 Change 1972 1983 Change 1972 1983 Change

Z % A 4 z 4 % 4 Z Z b4 Z

C-Bn-Bn-SB  81.6 81.8 + 0.2 24.0 26.1 + 8.8 35.2 25.9 -26.4 14.5 6.8 -53.1 8.2 22.8 +178.0 18.4 18.2 - 1.1
C-C-Bn-SB 77.9 82.8 +6.3 25.3  25.3 0.0 30.6 29.3 - 4.2 8.8 9.1 +3.4 13.2 19.2 +45.4 22.0 17.1 -22.3
Cc-C-C-SB 78.8 85.6 + 8.6 25.7 27.6 + 7.4 32.4 28.8 -11.1 9.2 7.7  -16.3 11.5 21.5 +86.9 21.2 14.4 -32.1
C-SB 81.5 82.2 +0.8 24.1 23,2 + 0.4 31.8 27.5 ~-13.5 10.8 10.8 0.0 14,7 19.6 +33.3 18.5 17.8 - 3.8
Bn-SB 75.5 86.7 +14.8 23.1 249 +7.8 31.6 33.6 +6.3 10.2 9.4 -7.8 10.5 18.8 -79.0 24.5 13.3 -45.7
0-A-Bn-SB 82.7 82.6 - 0.1 22.5 26.1 +16.0 32.2 29.3 -9.0 10.4 8.4 -19.2 17.5 188 + 7.4 17.2 17.1 - 0.6
0-Bn-SB 82.2 82.6 - 0.5 26.1 23.5 -9.9 30.5 30.1 -1.3 10.9 7.9 -27.5 14,7 21.1 +43.5 17.7 17.3 - 2.3
Means 80.0 83.5 +4.3 24.4 25,4 +4.3 32.0 29.2 8.6 10.7 8.6 -17.2 12.9 20.2 +67.6 19.9 16.5 -15.4
LSD0 05 NS NS -- NS 2.08 -- NS 2.54 -- 2.73 NS -- 3.85 NS -- NS NS --

1‘THN = Total hydrolyzable N; AN = hydrolyzable ammonium N; AAN = amino acid N; ASN = amino sugar N; HUN - hydrolyzable unknown N; NHN = non-
hydrolyzable N; TKN = total Kjeldahl N.

i % change in percentage distirbution of TKN.

19



Table 5. Effect of cropping system on total hydrolyzable N (THN), hydrolyzable ammonium
(AN), and hydrolyzable unknown N (HUN) in relation to nonhydrolyzable N (NHN)

THN/NHN AN/NHN HUN/NHN
Ratio Ratio Ratio
1972 1983 83/72 1972 1983 83/72 1972 1983 83/72
C-Bn-Bn-SB 4.51 4.45 0.98 1.32 1.42 1.07 0.45 1.24 1.75
C-C-Bn-SB 3.52 4.84 1.37 1.14 1.47 1.28 0.59 1.12 1.89
C-C-C-SB 3.71 6.05 1.63 1.21 1.95 1.61 0.54 1.51 2.79
C-SB 4.40 4.62 1.05 1.30 1.36 1.04 0.79 1.10 1.39
Bn-SB 3.08 6.54 2.12 0.94 1.87 1.98 0.42 1.41 3.35
0-A-Bn-SB 4.78 4.73 0.98 1.30 1.49 1.14 1.01 1.07 1.05
0-Bn-SB 4.62 4.73 1.02 1.46 1.35 0.92 0.82 1.21 1.47
Means 4.01 5.06 1.26 1.22 1.54 1.26 0.65 1.23 1.89

29
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These trends were reflected by increases in overall mean AN/NHN

ratio from 1.22 in 1972 to 1.54vin 1983, and HUN/NHN ratio from 0.65
in 1972 to 1.23 in 1983 (Table 5). These changes indicate that
cropping tended to increase exposure to the action of the soil bio-
mass and decrease stability of previously protected humic substances.
The increase in concentration of AN and HUN were due to the fact that
these fractions may have originated in fulvic acids and less tightly
bound peripheral groupings on humic acids and humic (25, 39).

With most rotations, the distribution among hydrolyzable
fractions shifted sharply towards larger ratios for HUN/THN, whereas
the AAN/THN and ASN/THN ratios decreased (Table 6). These changing
ratios indicate the "active nature of the hydrolyzable N fractions and
their responsiveness to management." However, the percent distribution
of the organic N fractions was not appreciably different for the
different cropping systems.

The lack of significant differehces in concentrations and
proportions of the organic N forms among cropping systems may be due
to the fact that the samples were taken in 1983 followed sugar beets
in alT but one treatment (Table 1). The eleven-year cropping period
may have been too short a time to produce significant differences.
However, the trends in N cycling between the NHN and THN and the
fractions within THN were similar to the findings in Chapter II, but

less dramatic.



Table 6. Effect of cropping system on hydrolyzable NH. (AN), amino acid N (AAN), amino sugar N
(ASN) and hydrolyzable unknown N (HUN) in relation to the total hydrolyzable N (THN)

AN/THN AAN/THN ASN/THN HUN/THN

Ratio
83/72

Ratio

Ratio Ratio
83/72 1972 1983 1972 1983

1972 1983 83/72 83/72

1972 1983

C-Bn-Bn-SB  0.29 0.32 1.10 0.43 0.32 0.74 .18 0.08 0.44 .10 0.23 1.77

C-C-Bn-SB 0.32 0.30 0.94 0.39 0.35 0.90 .11 0.11 1.00 .17 0.23 1.35
C-C-C-SB 0.33 0.32 0.97 0.41 0.34 0.82 .12 0.09 0.75 .15 0.25 1.67
C-SB 0.30 0.29 O .18 0.24 1.33
Bn-SB 0.31 0.29 0.94 0.42 0.39 0.93

0-A-Bn-SB 0.27 0.32 1.19 0.38 0.35 0.92 .12 0.10 0.83 .21  0.23 1.00

0-Bn-SB 0.31 0.28 0.90 0.36 0.36 1.00 .13 0.10 0.77

0
0
0
.97 0.39 0.34 0.87 0.13 0.13 1.00
0
0
0 .17 0.26  1.37
0

0
0
0
0
.14 0.11 0.79 0.13 0.22 1.38
0
0
0

Means 0.30 0.30 1.00 0.40 0.35 0.88 .13 0.10 0.77 .16 0.24 1.50

¥9



SUMMARY AND CONCLUSIONS

The effects of cropping systems on the content of organic
carbon and distribution of nitrogen forms over an eleven-year period
were evaluated.

Organic carbon and total Kjeldahl N decreased with cropping
for all cropping systems. Total Kjeldahl N losses ranged from 2.1%
for the 0-Bn-SB rotation to 11.4% for the Bn-SB rotation. Organic C
losses ranged from 13% for C-Bn-Bn-SB and C-C-Bn-SB rotations to 17%
for the Bn-SB rotation. The overall average decrease for organic C
was 14.9%, for TKN it was 5.8%.

The 5.8% decrease in TKN was comprised of a 19.6% decrease in
quantity of nonhydrolyzable N (NHN) and a 1.8% decrease in the quan-
tity of hydrolysable N (THN). These decreases can be compared with
data for Charity clay in Fig. 1 of Chapter II (p. 31) where decreases
due to cultivation were 67% for TKN, 81% for NHN and 63% for THN.

Thus, it appeared that management under all seven cropping
systems continues to be depletive. The annual disturbance of the
soil matrix, due to tillage, serves to expose structurally protected
colloidal surfaces to microbial and chemical activities that decrease
the stability of humic complexes. An expected consequence would be
the differentially greater decline in NHN relative to THN observed

here, as well as in the profile study of Chapter II.
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The average change in composition for the seven cropping
systems was not great (from THN/NHN=4.01 in 1972 to 5.06 in 1983).
This change may be compared with the profile study, where THN/NHN
increased from 3.8 in virgin Charity clay to 7.3 in the cultivated
soil. Nevertheless, the relatively greater retention of N in active
forms suggests an increased rate of annual turnover. This may be
due, perhaps, to higher levels of yield and residues returned since
1972.

Among the hydrolyzable N fractions, hydrolyzable ammonium
(AN) remained constant at about 25% of TKN, whereas it had increased
from 18% of TKMN in the virgin soil to 24% in the cultivated analog.
Unidentified N (HUN) increased relative to TKN in both studies, but
the final proportions were similar (20 to 22%). The proportion of
amino acids (AAN) decreased in both studies, but over a similar
range (28 to 32% of TKN). Amino sugar composition decreased from 11%
to 9% of TKN, as a mean for the rotations, but remained constant at
about 9% in the profile study. These values are within the range
reported by others, but they do not point to any c¢lear trends.

No significant differences for cropping systems had developed
during the 1l-year period between 1972 and 1983. Differences may
develop over a longer period of time as new equilibria between

inputs and removals of N and C are approached.
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CHAPTER IV

EFFECT OF TYPE AND RATE OF CROP RESIDUES ON THE
CONCENTRATION AND DISTRIBUTION OF NITROGEN
FORMS DURING INCUBATION

An important way that crops affect soil properties is the
return of organic matter as exudates and residues produced during
growth, but mostly after harvest of the crops. The types and amount
of crop residues affect the concentration and proportion of the
various organic N fractions due to differences in crop composition,
decomposition rates, and suitability as substrates for the microbial
population.

Application of alfalfa, cornstalks, sawdust, oat straw and
bromegrass at rates of 0 to 16 tons/ha/year increased the organic C
and nitrogen in proportion to the amount of residues added over a
period of 11 years (12). These authors found no significant differ-
ences among the five residues except for sawdust which produced
significantly lower values for nitrogen. In other studies, organic
amendments such as green rye, straw, alfalfa hay, deciduous leaves,
peat, muck, and manure were added to an Uplands sand and a Rideau
clay under field conditions for a 20-year period. The practice
maintained the levels of total N, organic matter and the distribution

of the various nitrogenous compounds (23, 24).
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Some investigators have noted a relative constancy in the pro-
portions of organic N fractions with large decreases in total N content
due to cultivation and cropping (5, 11, 15, 19, 28). In soils
where large increases in total N have occurred under fertilized legume
pastures in tropical and temperate areas in Australia, organic N
fractions proportions have remained relatively constant (16). This
appeared to suggest that organic N fractionation by hydrolysis using
6 M HC1 produced a pattern that bore little relation to the biological
labile of soil nitrogen.

Some other studies showed that the proportion of organic N
fractions would not necessarily remain constant with large changes in
total N. It was reported that the addition of fresh residues was accom-
panied initially by an increase in hydrolyzable a-amino acid aris-
ing by proteolysis and microbial synthesis (6). Changes were also
observed for other organic N fractions. The changes were related more
closely to the degree of oxidation of the total organic fraction than
to the composition of the materials that were added. Cornsforth (3)
reported that considerable redistribution of N took place indicating
changes in the proportions of the organic-N fractions with changes in
the amounts of total N. Other workers showed that cultivation and
cropping resulted in a marked decline in the proportions of total N
as organic N fractions (8, 20). These investigators did not show
the magnitude of change in proportions of total N as organic N frac-
tions if various energy sources were added at varying rates with no

additional application of fertilizer N.
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The above reports have shown that the concentration and propor-
tion of total N as organic N fractions may be significantly affected
by management practices. That appears to indicate that any cultural
practice that returns large quantities of some crop residues may
increase or decrease the relative proportions of total N present as
organic N fractions.

The redistribution of N can occur in several ways. In general,
a decline in total N due to cultivation or cropping is associated with
redistribution of hydrolyzable N and nonhydrolyzable N fractions.
However, it has been reported that a large decrease of carbon and
nitrogen during cultivation did not result in measurable changes in the
distribution of the hydrolyzable and nonhydrolyzable fractions of N
(14). The addition of crop residues with varying C/N ratios can also
lead to the redistribution of N from the hydrolyzable N to the non-
hydrolyzable N and vice versa, depending on the stage of humification.
During the early stages of humication, the nonhydrolyzable N fraction
tends to increase at the expense of the hydrolyzable N which comprise
the "active" materials.

Within the hydrolyzable N fraction, hydrolyzable ammonium N,
amino acid N, amino sugar N, and the hydrolyzable unknown N (HUN)
change in concentration and proportion relative to change in the
total hydrolyzable N. This depends on the stability of these fractions.
Under incubated conditions, hydrolyzable fractions such as amino acid
N, hydroxyamino acid N and HUN were found to be more susceptible to
loss than total N (9). This means that these decreases would account

for the overall decline of total hydrolyzable N which would account for
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the decline in total N. In other studies, the decrease in total N was
accounted for by a decrease in nonhydrolyzable N and other hydrolyzable
fractions such as hydroxyamino acid N (3).

There is very 1ittle information about the effect of alfalfa
| tops, navy bean straw, corn stover, and sugar beet tops on the con-
centration and distribution of N forms in an acid soil low in soil
organic matter. The results can be meaningfully related to the behavior
and potential behavior of total N and organic N fractions under field
conditions. The objective of the incubation study was:

To determine the influence of various types and rates of

crop residues and time of incubation on the concentration

and distribution of N forms.



MATERIALS AND METHODS

Incubation studies were performed on a homogenous lot of
Hodunk sandy 1oam soil collected in the fall of 1983 after harvest of
second year of corn in a potato-corn-corn sequence. The soil was
passed through a 4.8 mm screen to remove undecomposed plant materials,
air-dried, and then stored in a plastic bag.

Bulk samples of corn stover, dry bean straw, sugar beet tops
and alfalfa tops were taken from the field in October. The plant
materials were dried and ground to pass a 2.0 mm sieve and stored in
plastic bags. The ground materials were mixed with 5009 aliquots
of the soil at rates of 0, 2, 10, and 50 g/kg. The amended aliquots
were placed in plastic ice cream cartons and moistened to field capac-
ity (0.03 mPa) with deionized water. They were then placed in poly-
ethylene bags to reduce evaporation during incubation at 27°C. Pin
hole punctures were made in each bag for gas exchange. A total of 156
experimental units were prepared to permit sacrificing triplicate units
of an unamended control and of each material/rate combination after
9, 21, 42, and 63 days. Water was added as needed to maintain a
constant weight during incubation.

Sacrificed samples were frozen and stored at -4°C for analysis.
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Laboratory Analyses

Total N was determined by the salicyclic acid-thiosulfate
modification of the Kjeldahl method described by Bremner and Mulvaney
(2). Exchangeable NHZ N and N05 plus NOE N were determined by the
methods described by Keeney and Nelson (10).

Easily oxidized organic C was determined by the colorimatric
method described by Schulte (21). This method involves chromic acid
oxidation for determination of easily oxidized material through
spontaneous heat. The method was standardized against the Walkley-
Black method (31, 32).

Total hydrolyzable N (THN), hydrolyzable ammonium N (AN),
amino acid N (AAN), amino sugar N (ASN), hydrolyzable unknown N (HUN)
and nonhydrolyzable N (NHN) were determined by the methods described
by Bremner (1) and Stevenson (26, 27, 29, 30).

Statistical Analyses

The experiment was designed in a randomized complete block
and the data were subjected to analyses of variance, using methods
described by Snedecor and Cochran (22), Steel and Torrie (25), and

Little and Hills (13).



RESULTS AND DISCUSSION

Changes in concentration and distribution of N forms were
followed over a 63-day incubation period in a sandy loam soil
amended with residues of alfalfa, navy beans, corn, or sugar beets
at rates up to 50 g/kg. A Hodunk sandy loam low in organic matter was
used so that residue effects would be most pronounced for measurement.
Chemical analyses for the four crop materials used are given

in Table 1.

Table 1. Composition of crop residues used in the incubation study

Residue type Total N p K Ca e/nt
...................... % emmememmeme

Alfalfa 3.45 0.24 1.53 0.23 14

Navy bean 0.77 0.07 1.49 0.38 65

Corn 0.79 0.09 0.38 0.20 63

Sugar beet 1.51 0.13 1.10 0.39 33

TEstimated C/N ratio, assuming 40% C.

Apparent Gains and Losses of N

Simple effects and 2-way and 3-way interactions of residues,

rates and times on total N were statistically significant
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(Table 1, Appendix A). The data for the 3-way interactions are shown
graphically in Figs. 1 to 4.

At zero time, the concentration of total N reflected the
differences in N concentration of the residues (Table 1) and the rates
of addition. Subsequent changes during incubation, however, were not
parallel for the different materials nor different rates of the same
material.

In the case of alfalfa at the highest rate, a striking decrease
in total N occurred, during the 63-day incubation period. At the
10 g/kg rate, a similar decrease was preceded by a significant
increase in the second sampling. At the lowest rate (2 g/kg), there
was a continuing increase over the entire incubation period. With
the other residues, patterns of change were different and varied with
rate of addition.

The magnitude of several of the changes over time in Fig. 1
and their statistical significance, indicate that real increases and
real decreases may have occurred at different times. Mechanisms for
loss of N from soil systems included volatilization of NH3 and
denitrification of nitrate and nitrite. Mechanisms for adding N
include absorption of NH3 from the atmosphere and No-fixation by
nitrogen-fixing bacteria.

Energy to support biological denitrification and/or Nz-
fixation would have been supplied by the added residues. The more
reasily available carbon substrates were dissipated rather quickly

(Table 2). Thus the probability that heterotrophic activities were
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Table 2. Effect of type and rate of crop residue and time of
incubation on organic carbon.

Organic carbon

Incubation time {days)

Residue Rate ot 21 42 63
g/kg  =mmmmmemmmmesse- e
Check 0¥ 8.1 8.1 7.7 6.2
Aifalfa 2 9.0 8.4 8.0 9.0
10 12.0 9.3 7.8 8.9
50 28.0 13.0 11.0 11.0
Navy bean 2 9.0 8.6 7.3 7.8
10 12.0 9.9 7.3 8.4
50 28.0 16.0 11.0 9.7
Corn 2 9.0 9.2 7.4 7.5
10 12.0 10.0 8.5 8.6
50 28.0 17.0 14.0 11.0
Sugar beet 2 9.0 8.4 7.8 7.3
10 12.0 8.5 7.9 7.5
50 28.0 12.0 9.7 8.6
LSDy o5 (3-way interaction)

1'Assuming 40% C in residues:

Calculated = 8¢ C in 1,000 g soil + 0.4 x g/kg residue added

1,000 g soil + g kg residue added

t Values at zero rate not included in ANOVA
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responsible for losses or gains of N would have been greatest during
early stages of incubation and would have declined with declining rate
of carbon loss.

On the other hand, the 1ikelihood that Tosses of N might occur
by chemical denitrification would be expected to increase as oxidation
progressed and phenol-quinone systems appeared that could react with
nitrite under acid conditijons to produce Nz, NZO’ and other gases
(17).

In the case of high N materials, rapid dissipation of carbon
is accompanied by net mineralization and rapid release of NH3. If
NH3 is released more rapidly than it can be adsorbed or transformed
by soil systems, volatilization losses will occur. This would appear
the most Tikely explanation for the disappearance of N at the highest
rate of addition of alfalfa.

In the case of carbonaceous materjals, low in N, decomposition
js accompanied by immobilization of mineral forms of N into micro-
bial tissues. The presence of carbonaceous materials can increase
the adsorptive capacity of the soil for NHj in the ambient atmosphere.

In the present experiment, it is possible that NH3 lost
by volatilization from high N treatments may have equilibrated, through
the confined atmosphere of the growth chamber, with soil and residues
in Tow N treatments. Thus a significant increase in total N occurred
during the first 21 days at all rates of corn addition. At the 2 g/kg
rate, the increasing trend was maintained through the 63rd day with
both corn and alfalfa. Differénces between 2 and 10 g/kg applications

were not great, but it gid appear that interacting systems which
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affect the balance between gains and loss were influenced differ-

ently by the rate of addition.
Changes in Exchangeable Ammonium

Volatilization or adsorption of NH4 reflect shifts in dynamic
equilibria that involve exchangeable NHZ (18). The immediate effect
of added residues at time zero (Table 3) was to reduce exchangeable
NHZ initially present in the soil to trace levels. Levels were
sharply higher at 21 days in all samples. Addition of water at the
beginning of incubation would have activated the soil microbial popu-
latijon. The quantities of NHZ found represent the balance at the time
of sampling between the rate of release of NH3 by the activated popu-
lation and the rate of its removal by several processes, including
immobilization into microbial tissues and metabolic products,
nitrification, volatilization, and chemical transformation leading to
incorporation into humic complexes (7).

Differences in exchangeable NHZ levels in Table 3 are not
related consistently to the N content of the residues. The 32 mg/kg
present at 21 days with the highest rate of alfalfa is consistent
with the earlier conclusion that lTarge 1oss of N from this system may
have been due to volatization of NH3 released at rates exceeding the
adsorptive capacity of the soil (Fig. 1).

Exchangeable NHZ levels were lower in the last sampling in the
control than in most amended soils. This probably reflects a more
rapid decrease in size and activity of the microbial population due

to earlier depletion of available substrates.
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Table 3. Effect of type and rate of residue and time of incubation
on exchangeable ammonium N.

Exchangeable ammonium N

Incubation time (days)

Residue Rate 0 21 42 63
9/kg  mmmmmmmmmeeeeeeeo mg/Kg -====-mmmommme-
Check ot 2.8 16.0 9.9 4.2
Alfalfa 2 Tracei 19.0 16.0 7.1
10 Trace 4.2 19.0 7.1
50 Trace 32.0 7.1 9.9
Navy bean 2 Trace 7.1 9.9 7.1
10 Trace 9.9 9.9 9.9
50 Trace 11.0 7.2 7.2
Corn 2 Trace 19.0 9.9 10.0
10 Trace 7.1 7.5
50 Trace 8.5 11.0 8.5
Sugar beet 2 Trace 18.0 9.9 5.7
10 Trace 7.1 5.7 8.5
50 Trace 18.0 23.0 9.9
LSDO.05 (3-way interaction) 3.2

TValues at zero rate not included:in ANQVA.

i Trace = A value of 1.0 mg/kg was assigned for statistical analysis.
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Changes in Nitrified N

Normally nitrification represents an important sink for NHZ
in soils. Nitrification rates and the quantities of nitrate plus
nitrite produced with alfalfa and sugar beet (Table 4) reflected both
the differences in nitrogen content of these two residues and the
rates of addition. The transformation was most rapid and extensive
with alfalfa, which contained 3.45% N, followed by sugar beet tops
which contained 1.51% N and least with corn and navy beans.

In the case of navy bean residues (0.77% N) and corn (0.80% N)
the addition of 2 g/Kg had no effect on nitrification as compared
with the control. At higher rates, nitrification was severely delayed.
These delays occurred even though levels of exchangeable NHZ (Table 3)
were no lower than many of those associated with high nitrification
rates in soils amended with alfalfa or sugar beets.

Thus, the failure of nitrate to accumulate normally at higher
rates of wide C/N ratio residues in this study does not appear to have
been due to competitive immobilization of NHZ, the substrate for the

first step in nitrification. Rather, it would appear that NOé and/or

3
Processes that utilize NOE and/or No§ include microbial assimilation,

NO, were removed by other transformations as rapidly as formed.
microbial denitrification and reaction of NOé with organic compounds
at acid pH. These reactions of NOé can result in both chemical

jmmobilization and chemical denitrification (17).



89

Table 4. Effect of type and rate of crop residues and time of
incubation on the concentration of nitrate plus nitrite
Nitrate plus nitrite nitrogen
Incubation time (days)
N added
Residue Rate in residue 0 21 42 63
9/Kg  mmmmmmoomomosmseeeseemaes mg/Kg ---=-----n---
Check ot - 0.9  16.5  26.1  30.8
Alfalfa 2 69 1.5 26.2  39.5 50.6
10 345 3.1 66.4 8l.4 83.9
50 1725 6.4 207.0 241.0 277.0
Navy bean 2 15 1.5 17.1 18.8 30.9
10 79 1.5 1.3 1.3 8.6
50 387 1.5 1.5 1.5 44.5
Corn 2 16 1.5 11.2 26.1 31.4
10 80 1.5 1.3 6.7 11.0
50 400 1.5 1.1 0.9 0.9
Sugar beet 2 30 1.3 15.5 30.9 37.1
10 151 1.5 13.5 33.1 41.7
50 755 1.5 19.0 95.8 99.8
LSDO.OS (3-way interaction) 11.6

*'Va1ues at zero rate not included in ANOVA
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Changes in Organic N Fractions

In Figs. 5 to 8, data for nitrate plus nitrite are compared
graphically with recoveries of N in organic forms at the 50 g/kg rate
of addition. It should be noted that NHy recovered in the hydrolyza-
ble fraction (AN) would have included the exchangeable NHZ in Table 3.
Because the values were low, exchangeable NHZ was not broken out
separately in the figures. Patterns of change in the AN fraction or
in total organic N (TON) would not have been altered appreciably if
this mineral fraction had been excluded. If present, NHZ fixed by
clay minerals would have also contributed to AN. However, it is
unlikely that much fixed NHZ would have been present in this sandy
loam soil.

Changing levels of organic N (TON) in Figs. 5 to 7 reflected
net mineralization to NOé and/or NO&. In the case of corn (Fig. 8),
TON accounted for total N (TN) in the system because net .nitrification

did not occur.
Total Hydrolyzable N and Nonhydrolyzable N

In the case of alfalfa (Fig. 5) and sugar beet tops (Fig. 6),
changes in TON were due mainly to changes in total hydrolyzable N (THN).
Changes in the nonhydrolyzable fraction (NHN) were small.

By contrast, changes in TN and TON with the two Tow N resi-
dues (Figs. 7 and 8) reflected changes in both hydrolyzable and non-
hydrolyzable forms. With both navy beans and corn, increases in NHN

contributed to the early increases in TN and TON at 21 days.
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In the case of navy beans (Fig. 7) significant losses of
N from the system during the last 21 days (Table 5) were due to
decreases in both THN (Table 6) and NHN (Table 7). An additional
decrease in organic N (TON) was due to net nitrification.

With corn (Fig. 8) no accumulation of nitrate or nitrite
occurred. Instead, it appeared that a large transfer of N from
hydrolyzable to nonhydrolyzable fraction occurred during the last 21

days. As a result, both TN and TON remained essentially unchanged.
Changes Among Hydrolyzable Forms of N

The 3-way interaction plotted in Figs. 5 to 8 for the different
forms of N in the acid hydrolysate are tabulated in Table 8 to 11.
Probabilities for main effects and interactions are given in Tables

1 and 2, Appendix A.

Alfalfa system: In Fig. 5, it appears that much of the N

that was lost from alfalfa-amended soil at the highest rate must
have originated in the hydrolyzable unknown fraction (HUN). Also,
much of the N that appeared as Nog plus NOE must have originated in
the HUN fraction.

A large increase in the hydrolyzable ammonium fraction (AN)
during the first 21 days indicates that unidentified HUN materials were
first converted to hydrolyzable NHZ and/or exchangeable NHZ before
entering into further transformation.

Gradual decreases in amino acids (AAN) may reflect the recycl-

ing of alfalfa proteins into a declining microbial population. A



96

Table 5. Effect of type and rate of crop residues and time of
incubation on the concentration of total N

Total nitrogen (TN)

Incubation time (days)

Residue Rate 0 21 42 63
g/kg  mmmmmmmmmneme- Mg/KG =====m=ooomommoaoee
Check ot 565 605 619 604
Alfalifa 2 711 731 751 799
10 811 855 790 760
50 1483 1334 1299 1271
Navy bean 2 648 612 694 644
10 695 692 709 676
50 308 856 855 795
Corn 2 666 693 722 728
10 697 745 707 697
50 767 851 816 ' 826
Sugar beet 2 697 657 653 637
10 712 719 704 701
50 965 924 986 930
LSDy o5 (3-way interaction) 38

'+Va1ues at zero rate not inciuded in ANOVA.
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Table 6. Effect of type and rate of crop residues and the time of
incubation on the concentration of total hydrolyzable

nitrogen
Total hydrolyzable nitrogen (THN)
Incubation time (days)
Residue Rate 0 21 42 63
g/kg  mmmmesememeeeee- mg/Kg ======s=me-mmon--
Check d+ 498 531 552 521
Alfalfa 2 557 526 542 534
10 699 607 628 594
50 1276 948 901 804
Navy bean 2 550 540 523 438
10 576 572 592 524
50 698 627 696 631
Corn 2 471 505 521 504
10 553 547 588 546
50 652 704 709 625
Sugar beets 2 557 546 506 519
10 591 577 577 570
50 839 774 732 697
LSDO.05 (3-way interaction) 64

1'Va1ues for zero rate not included in ANOVA.
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Table 7. Effect of type and rate of crop residues and time of
incubation on the concentration of nonhydrolyzable N

Nonhydrolyzable N (NHN)"'

Incubation time (days)

Residue Rate 0 21 42 63
9/kg  emmmmmmemmemee- L
Check o 67 74 67 83
Alfalfa 2 153 179 169 214
10 109 182 80 82
50 200 179 157 191
Navy bean 2 97 55 152 126
10 117 119 115 147
50 157 228 158 119
Corn 2 194 177 175 192
10 142 197 113 140
50 114 146 106 200
Sugar beet 2 140 95 116 81
10 119 128 114 89
50 125 132 137 133
LSDO.05 (3-way interaction) NS

+NHN = Nonhydrolyzable N = TN - THN
#Va]ues at zero rate not included in ANOVA
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Table 8. Effect of type and rate of crop residuesandtime of
incubation on the concentration of hydrolyzable
unknown N
Hydrolyzable unknown nitrogen (HUNY*
Incubation time (days)
Residue Rate 0 21 42 63
g/kg  mmememmmmemeeee- mg/Kg -----=-mommcomnen
Check Ozt' 79 150 131 - 103
Alfalfa 2 181 114 84.0 67.2
10 207 116 89.1 88.5
50 578 233 195 128
Navy bean 2 151 135 73.8 62.9
10 119 182 2.2 70.5
50 184 152 143 93.4
Corn 2 152 , 110 51.2 92.0
10 164 119 101 76.9
50 198 251 166 . 84.4
Sugar beet 2 211 141 80.7 95.3
10 243 132 82.3 100
50 351 188 103.2 149
LSDO.05 (3-way interaction ). 88.6
'fHUN = Hydrolyzable unknown N = Total hydrolyzable N
(Ammonium N + amino acid N + amino sugar N)

12Va

lues at zero rate not included in ANOVA
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Table 9. Effect of type and rate of crop residues and time of incu-
bation on the concentration of hydrolyzable ammonium N

Hydrolyzable ammonium nitrogen (AN)+

Incubation time (days)

Residue Rate 0 21 42 63
9/kg  meeememeeemeeoe- mg/Kg ====-=-msemmmmemeean
Check o¥ 141 165 168 172
Alfalfa 2 113 168 162 166
10 133 198 192 184
50 201 306 271 287
Navy beans 2 121 156 167 162
10 157 159 161 168
50 129 170 176 171
Corn 2 97 160 180 159
10 132 148 166 166
50 137 164 180 176
Sugar beet 2 133 170 179 160
10 137 167 188 183
50 145 217 232 215
LSDO.05 (3-way interaction) 24.6

+AN = hydrolyzable ammonium N including exchangeable NHZ

:I:Values at zero rate not included in ANOVA
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Table 10. Effect of type and rate of crop residues and time of
incubation on the concentration of amino acid N.

Amino acid nitrogen (AAN)

Incubation time (days)

Residue Rate 0 21 42 63
g/kg  mmmmememmmoemee- mg/Kg -========mmmuemen
Check ‘O*. 186 158 136 136
Alfalfa 2 155 180 194 202
10 274 225 242 218
50 396 349 328 321
Navy beans 2 226 188 205 192
10 242 185 234 200
50 236 249 291 279
Corn 2 147 179 222 194
10 194 226 236 242
50 242 235 292 287
Sugar beets 2 : 155 184 202 192
10 178 227 236 223
50 274 305 321 272
LSDO'05 (any comparison) : 46.3

1'Va1ues at zero rate not included in ANOVA.
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Table 11. Effect of type and rate of crop residues and time of
incubation on the concentration of amino sugar N.

Amino sugar nitrogen (ASN)

Incubation time (days)

Residue Rate 0 21 42 63
g/kg  =mmemmmmmmmeoee- Mg/Kg ====m=mmmommmonoee
Check ot 119.0 58.0 67.0 60.0
Alfalfa 2 108 65.3 102 98.9
10 86.0 68.1 105 104.0
50 102 70.8 107 69.3
Navy bean 2 52.7 61.9 77.7 71.0
10 58.2 46.5 99.8 85.1
50 103 55.3 86.1 87.8
Corn 2 74.9 56.4 68.4 58.4
10 63.8 54.2 85.0 61.9
50 74.9 53.5 71.6 77.6
Sugar beet 2 58.2 51.9 44.3 71.2
10 63.8 51.9 70.3 63.8
50 69.4 64.3 75.8 61.9
LSDO.05 (3-way interaction) 27.4

+Va1ues at zero rate not included in ANOVA.
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significant increase in amino sugars (ASN) from 21 days to 42 days

would be consistent with net synthesis by the microbial population.

Sugar beet system: It would appear that with sugar beets as

with alfalfa, N lost during the first 21 days and N nitrified during
the first 42 days must have originated in the HUN fraction (Fig. 6).
Also, it would appear that HUN materials were first converted to
hydrolyzable NHZ and/or exchangeable NHZ before being transformed
further.

The evidence that N may have been added to the system between
21 and 42 days may reflect the lower N content and wider C/N ratio
of sugar beets as compared with alfalfa. The apparent increase at
this time and the apparent loss of N during the last 21 days affected
all fractions except HUN.

The rate of nitrification leveled off after 42 days. This
would be consistent with denitrification as the mechanism for N loss

at this time.

Navy bean system: The initial increase in TN and TON in

Fig. 7 was reflected mainly in NHN and the AN fractions. This would
seem to support the view that additions of N to the system were due

to adsorption of NHg from the atmosphere. The added NH4 would

be expected to accumulate first at active surface sites in the AN
fraction before being fixed in more stable combinations in the NHN
fraction. If biological N2-fixation had occurred it would be expected
to appear first in recognized metabolic products such as amino

acids and amino sugars. In fact, increases in AAN and ASN occurred
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later and at the expense of N that previously accumulated in the NHN
fraction.

Apparent losses of N from the system during the last 21 days
involved mainly decreases in NHN and HUN. However, it is likely that
this nitrogen was first nitrified and then lost by either biological
or chemical denitrification. The low pH of the soil (pH 5.5) would

have favored chemical denitrification.

Corn system: Increases in TN during the first 21 days (Fig. 8)
involved increases in both AN and NHN, but also in HUN. Increases in
identifiable metabolic products (AAN and ASN) did not occur until
later. Again, this is evidence that adsorption of NH3, rather than
Nz-fixation, was responsible for increased N in the system.

As in the other three systems, the hydrolyzable NHZ fraction
(AN) appears to represent N held transitionally by active surface
groups. Its equilibrium level did not fluctuate widely, but the flux
of N through this stage was undoubtedly high.

The HUN fraction may represent another transitional phase
through which N compounds and complexes of intermediate weight pass
en route to and from larger and more stable complexes in the NHN
fraction. Thus, during the last 21 days of incubation, it appears that
NHN increased directly at the expense of the HUN fraction (Fig. 8).

The same thing happened at this time in the alfalfa system (Fig. 5).
Similar reciprocal changes between these two factions had occurred
during the first 21 days with navy beans (Fig. 4) and during later

stages of incubation with sugar beets (Fig. 3).
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Nitrite or nitrate did not accumulate at any time in the
corn system (Fig. 8). It must be assumed that active nitrifying
populations were present because trace levels were maintained
(Table 4). It is possible that nitrite may have been sidetracked
into reactions leading to -stable organic combinations and that these
reactions may have been involved in the transfer of N from the HUN

fraction to NHN during the last 21 days.



SUMMARY

Alfalfa tops, navy bean straw, corn sfover and sugar beet
tops at 0, 2, 10, and 50 g/kg were incorpofated in a Hodunk sandy loam
soil. Changes in concentration and distribution of N forms were
followed over a 63-day incubation period.

Patterns of nitrogen transformation and distributions of N
in different forms were essentially unaffected by the additions of the
different residues at the 2 g/kg rate. Nitrification rates and the
quantities of NO3 plus NO, produced increased with the rate of addi-
tion of residues high in N (alfalfa tops, 3.45% N, and sugar beet
tops, 1.51% N). In the case of low N materials (navy bean straw and
corn stover, both about 0.8% N), net nitrification was delayed at
higher rates of addition. At 50 g/kg, no more than trace quantities
of NOE plus NOé were encountered at any time with the corn amendment.
Some recovering of nitrifying capacity in the high rate bean system
was apparent in the last sampling (63 days).

These different patterns of nitrate accumulation demonstrate
the effect of C/N ratio on the balance between net mineralization and
net immobilization ¢f N as plant residue carbon is converted to CO2
and microbial cells and products. Major Tosses of carbon occurred
during the first 21 days of incubation, but continued at decreasing

rates through the 63rd day. Changes in total N (TN) and differential

106



107

effects on fractional forms of N were most pronounced at the highest
rate of residue addition (50 g/kg).

Large losses of N occurred during the first 42 days from the
highest rate of alfalfa and sugar beet tops. Losses of N from these
narrow C/N systems were ascribed to volatilization of NH3. Increases
in hydrolyzable ammonium (AN), including transiently high levels of
exchangeable NHZ were consistent with the interpretation that répid
respiratory loss of C was accompanied by net mineralization of N,
at rates that exceeded the soil's capacity to adsorb and stabilize
the released NH. Denitrification did not appear to be responsible
for lTosses of N during the first 42 days in these two systems, since
Nog accumulated at rapid and uniform rates over this period.

On the other hand, the addition of wide C/N materials (navy
beans and corn) at high rates resulted in significant increases in
total N during the first 21 days. These increases were ascribed to
adsorption of NH3 volatilized from alfalfa and sugar beet systems
and transferred by diffusion through the confined atmosphere of the
growth chamber. The increases in TN were accounted for by increases
in the nonhydrolyzable fraction (NHN), hydrolyzable ammonium (AN),
and unidentified hydrolyzable forms (HUN). Increases in recognizable
metabolic products--amino acids (AAN) and amino sugars (ASN)--did not
occur until later. This was taken as evidence that the initial
increases in TN were due to adsorption of NH3 rather than to bio-
logical N2 fixation.

Significant losses of N occurred during the Tast 21 to 42

days from the high rate systems. These appeared to have been due
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to denitrification, since the rate of nitrate accumulation was
sharply curtailed with alfalfa and sugar beets and continued to be
strongly repressed in the presence of beans and corn. The low pH
of the soil (pH 5.5) would have favored chemical denitrification by
sidetracking reactions of nitrite. Also, the more readily available
energy substrates to support biological denitrification would have
been largely dissipated during the first several days of incubation.

Significant increases and decreases in amino acids and amino
sugars suggest that microbial populations may have reached peak
numbers sometime between the 21st and 42nd day of incubation. How-
ever, it appeared that much larger quantities of N were actively
cycled over the entire incubation period by transformations involving
the HUN and NHN fractions.

Reciprocal changes in the HUN and NHN fractions suggest that
HUmeateria1s represent a transitional phase through which N in com-
pounds of intermediate molecular weight passes en route to and from
larger and/or more stable complexes in the NHN fraction.

The AN fraction (which included exchangeable NHZ) probably
represents N held transiently by active surface groups. Its equilibrium
level did not fluctuate widely, as is to be expected if quantities
present depend primarily on active surface area. Nevertheless, the
flux of N through this phase was undoubtedly high. Ammonia entering
the system from the external atmosphere or released within the systems
by mineralization would 1likely appear first at surface sites before
entering into further transformations such as microbial immobiliza-

tion, nitrification, volatilization and chemical condensation to form
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humic complexes of varying stability to be found in the HUN and NHN

fractions.



CONCLUSIONS

The observed distributions of N may have resulted, in part,
from artifacts of acid hydrolysis. Nevertheless, the data indicate
that fractional analyses based on acid hydrolysis can be used to
differentiate a number of chemically distinct categories of N com-
pounds that appear to exist in dynamic sequential relationships, one
to another.

The basic transformation leading to changing distributions of
N was undoubtedly the respiratory disengagement of CO2 by the soil
heterotrophic population. The most actively fluctuating fractions
were recovered in the hydrolysate.

One-half or less of the hydrolyzable N was in recognizable
products of microbial synthesis. Thus, much of the active cycling
of N may have involved strictly chemical and/or physical transformations
in the extracellular environment.

Nonenzymatic processes inferred from the data included
volatilization and adsorption of NH3, sequences of polymerization and
depolymerization involving precursors and components of fulvic and
humic acids, and reactions of nitrous acid leading to both chemical
immobilization and chemical denitrification.

These conclusions were based mainly on results at the 50 g/kg

rate of amendment. Sequential changes were not clearly expressed at
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more practical Tower rates. Nevertheless, similarly high concen-
trations of plant exudates and residues undoubtedly attain in micro-
habitats under normal management in the field and both biological

and nonbiological processes are similarly involved.
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Table 1. Probabilities for significance of main effects and interactions of residues, rates,
and times on analyses for carbon and forms of nitrogen.

Source of variance

Parameter
Measured Residence (R) Rate (A) Time (T) RxXxA RXT AXxT RxAxXT
Degrees of Freedom 3 2 3 6 9 6 18
n = 36 48 36 12 9 12 3
Total N 0.01 0.01 0.05 0.01 0.01 0.0l 0.01
Total hydrolyzable N 0.01 0.01 0.01 0.00 0.01 0.0l 0.01
Hydrolyzable ammonimum N 0.01 0.01 0.01 0.01 0.01 0.05 NS
Amino acid N 0.01 0.01 0.05 0.01 NS NS 0.05
Amino sugar N 0.01 NS 0.01 NS NS NS NS
Hydrolyzable unknown N 0.01 ~0.01 0.01 0.05 0.01  0.05 0.05
Nonhydrolyzable N 0.01 0.01 NS 0.0 NS  0.05 NS
Exchangeable NH, 0.01 0.01 0.01 0.001 0.01 0.0l 0.01
Nitrate + nitrite N 0.01 0.01 0.01 0.00  0.01 0.01 0.01
Organic C 0.01 0.01 0.01 NS NS 0.01 NS

L11



Table 2. Probabilities for significance of main effects and interactions of residues, rates,
and times on the proportion (% of total N} of fractional forms of N,

Source of variance

Parameter
measured Residue (R) Rate (A) Time (T) RxA RxT AxT RxAxT
Degrees of Freedom 3 2 3 6 9 6 18

n = 36 48 36 12 9 12 3
Total hydrolyzable N 0.01 0.05 0.01 0.01 0.05 0.05 NS
Hydrolyzable ammonium N 0.01 0.01 0.01 0.05 0.05 0.05 NS
Amino acid N 0.01 0.01 0.01 0.05 0.05 NS 0.05
Amino sugar N 0.01 0.01 0.01 0.01 NS NS NS
Hydrolyzable unknown N NS NS 0.01 NS NS NS NS

Nonhydrolyzable N 0.01 0.01 N.S. 0.01 N.S. 0.05 NS

811
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Table 3. Effect of type and rate of crop residues and time of
incubation on the concentration of total organic nitrogen.

" Total organic nitrogen (TON)'Y

Incubation time (days)

Residue Rate 0 21 42 63
g/kg  mmmmmmmemooooe- mg/Kg -=------ommommoeee
Check o} 564 589 593 573
Alfalfa 2 710 705 712 748
10 808 789 709 676
50 1477 1127 1058 994
Navy bean 2 647 535 675 613
10 694 691 707 667
50 807 855 854 751
Corn 2 665 682 696 697
10 696 745 700 686
50 766 850 815 825
Sugar beet 2 696 642 622 600
10 711 706 671 659
50 964 905 890 830
LSDO'05 (3-way interaction) NS

1 TON = Total Organic N = Total N-~C (Nitrate + nitrite N)

x Values at zero time not included in ANOVA
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Table 4. Effect of crop residue type and time of incubation on the
proportion of total N as total hydrolyzable N.

Total hydrolyzable N (expressed as % of total N)

Incubation time (days)

Residue 0 21 42 63 Residue Mean

______________ % —mmcmm—mmm———-
Alfalfa 83.6 71.3 73.7 69.5 74.5
Navy bean 84.6 81.5 80.2 71.5 80.9
Corn 78.3 76.7 80.6 74.5 77.5
Sugar beet 83.3 82.5 78.6 79.2 80.9
Time mean 82.5 77.9 78.3 75.2

LSDy. g5 (2-way interaction) 4.8
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Table 5. Effect of type and rate of crop residues on the proportion
of total N as total hydrolyzable N.
Total hydrolyzable N (expressed as % of total N)
Residue rate (g/kg)
Residue ot 2 10 50 Residue Mean
.............. Y mmm—m e —m——mmm
Alfalfa 87.7 72.4 78.7 72.4 77.8
Navy bean 87.7 81.1 81.7 80.1 82.6
Corn 87.7 71.6 78.7 82.4 80.1
Sugar beet 87.7 80.5 81.7 80.5 ’ 82.6
Rate mean 87.7 76.4 80.2 78.8
LSDO‘05 (2-way interaction) 4.2
TVa]ues at zero rate not included in ANOVA.
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Table 6. Effect of crop residue rate and time of incubation on
the proportion of total N as total hydrolyzable N,

Total hydrolyzable N (expressed as % of total N)

Incubation time (days)

Rate 0 21 42 63 Rate Mean
g/kg = mmmmmeemeeeee- A

of 77.4  76.6  75.6  74.7 76.1
2 78.4  79.4  74.3  73.4 76.4
10 82.9  76.6  82.1  78.8 80.2
50 86.0  77.7  78.3  73.3 78.8

Time mean 81.2 77.6 77.6 75.1

LSD (2-way interaction) 4.2

0.05

TVa]ues at zero rate not included in ANQVA
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Table 7. Effect of type and rate of crop residue on the concentra-
tion of nonhydrolyzable N.

Nonhydrolyzable N t

Residue rate (g/kg)

Residue O* 2 10 50 Residue Mean
------------- mg/Kg ===---=-=n-x

Alfalfa 70.0 178.8 113.2 181.7 135.9

Navy bean - 70.0 107.2 124.6 153.7 113.9

Corn 70.0 184 .4 147.7 141.7 135.9

Sugar beet 70.0 107.8 107.5 131.7 104.2

Rate mean 70.0 144 .6 123.2 152.2

LSDO_05 (2-way interaction) 34.7

T Nonhydrolyzable N = Total N - Total hydrolyzable N

s Values at zero rate not included in ANOVA
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Table 8. Effect of residue rate and time of incubation on the
concentration of nonhydrolyzable N.

Nonhydrolyzable NT

Incubation time (days)

Rate ' 0 21 42 63 Rate Mean
e mg/Kg -=========-
o} 70.0  154.0  55.0  167.0 111.5
2 145.3  126.0  152.8  153.3 144.6
10 121.6  156.5  100.4  114.3 123.2
50 137.5  171.2  139.3  160.8 152.2

Time mean 118.7 152.0 111.9 148.9

LSD (2-way interaction) 34.7

0.05

TNonhydro]yzab]e N = Total N - Total hydrolyzable N

1 Values at zero rate not included in ANOVA
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Table 9. Effect of type and rate-of crop residue on the proportion
of total N as nonhydrolyzable N.
Nonhydrolyzabie NT (expressed as % of total N)
Residue rate (g/kg)

Residue ot 2 10 50 Residue Mean

_____________ Y e mmc——————
Alfalfa 12.3 23.7 13.9 13.5 15.9
Navy bean 12.3 16.2 17.9 18.3 ‘ 16.2
Corn 12.3 26.2 20.6 17.1 19.1
Sugar beet 12.3 16.1 15.1 13.8 14.3
Rate mean 12.3 20.6 16.9 15.7
LSDO.OS (2-way interaction ) 4.2

TNonhydro]yzable N = Total N - Total hydrolyzable N

t Values at zero rate not incliuded in ANOVA
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Table 10. Effect of residue rate and time of incubation on the
proportion of total N as nonhydrolyzable N.

Nonhydrolyzable Nt (expressed as % of total N)

Incubation time (days)

Rate 0 21 42 63 Rate Mean
g/kg  meemeeeeeemea- b mmmmm—m——————-

0? 12.3  22.5  19.1  24.3 19.6

2 21.3  18.2  21.5  21.3 20.6
10 16.8  20.6  13.8  16.3 16.9
50 13.7 17.8  14.2  17.1 15.7

Time mean 16.0 19.8 17.1 19.8

LSDO.05 (2-way interaction) 4.2

TNonhydro]yzable N = Total N - Total hydrolyzable N

xValues at zero rate not included in ANQOVA
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Table 11. Effect of residue type and time of incubation on the
concentration of hydrolyzable ammonium N.

Hydrolyzable ammonium N (AN)T

Incubation time (days)

Residue 0 21 _ 42 63 Residue Mean

------------ Mmg/Kg =====mmmmaen
Alfalfa 148.6  223.8  208.2  211.8 198.1
Navy bean 135.4  161.7 167.9  166.9 158.0
Corn 121.8  157.2  175.1  161.1 155.3
Sugar beet 138.0  184.4  199.6  186.0 177.0
Time mean 135.9  181.8  187.7  182.9 172.1
LSDy g5 (2-way interaction) 14.2

TAN = Hydrolyzable ammonium N including exch. NHZ
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Table 12. Effect of type and rate of crop residues on the
concentration of hydrolyzable ammonium N.

Hydrolyzable ammonium N (AN)T

Residue rate (g/kg)

Residue Ot 2 10 50 Residue Mean
------------- mg/Kg =~-====--=v---

Alfalfa 141.0 151.9 176.6 265.6 183.8

Navy bean 141.0 151.5 161.0 161.6 153.8

Corn 141.0 149.2 152.7 164.1 151.8

Sugar beet 141.0 160.5 168.6 201.9 - 168.0

Rate mean 141.0 153.3 164.7 198.3

LSDO.OS (2-way interaction) 12.3

TAN = Hydrolyzable ammonium N including exch. NHZ

¢Va1ues at zero rate not inciuded in ANOVA
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Table 13. Effect of residue rate and time of incubation on the
concentration of hydrolyzable ammonium N.
Hydrolyzable ammonium N (AN)'r
Incubation time (days)
Rate 0 21 42 63 Rate Mean
g/kg  TTTTTTTTTee mg/kg ===========--
0 } 141.0 165.0 168.0 172.0 161.5
2 115.9 163.4 171.9 161.9 153.3
10 139.4 167.9 176.6 175.0 164.7
50 152.6 214.0 214.7 212.0 198.3
Time mean 137.2 177.6 182.8 180.2
LSDO.05 (2-way interaction) 12.3

'TAN = Hydrolyzable ammonium N including exch. NHZ

tValues at zero rate not included in ANOVA
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Table 14. Effect of residue type and time of incubation on the
proportion of total N as hydrolyzable ammonium N.

Hydrolyzable ammonium N (AN)T

Incubation time (days)

Residue 0 21 42 63 Residue Mean
_____________ " S

Alfalfa 15.2 22.9 22.2 22.4 20.7

Navy bean 19.0 22.8 22.5 23.8 22.0

Corn 17.2 20.7 23.5 22.3 20.9

Sugar beet 17.8 24.2 25.7 24.8 23.1

Time mean 17.3 22.7 23.5 23.3

LSDO.05 (2-way interaction) 1.7

1.AN = Hydrolyzable ammonium including exch. NHZ

iExpressed as % of total N
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Table 15. Effect of type and rate of crop residues on the propor-
tion of total N as hydrolyzabie ammonium N.

Hydrolyzable ammonium N (AN)T

Residue rate (g/kg)

Residue o¥ 2 10 50 Residue Mean
______________ % I

Alfalfa 24.8 20.3 22.0 19.9 21.8

Navy bean 24.8 23.3 23.3 19.5 22.7

Corn 24.8 21.2 21.5 20.2 21.9

Sugar beet 24.8 24.4 23.8 21.3 23.6

Rate mean 24.8 22.3 22.6 20.2

LSDO.05 (2-way interaction) 1.5

T AN = Hydrolyzable ammonium N including exch. NHZ

# Value at zero rate not included in ANOVA

§ Expressed as % of total N
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Table 16. Effect of residue rate and time of incubation on the
proportion of total N as hydrolyzable ammonium N.

Hydrolyzable ammonium N (AN)T

Incubation (days)

0 21 42 63 Rate Mean

g/kg  mmmmmmemmeeeeee- /A A

of 24.8 26.4 27.6 25.0 25.9

2 17.0 24.4 24.5 23.3 22.3

10 19.3 22.3 24.3 24.7 22.6

50 15.6 21.4 21.8 22.1 20.2
Time mean 19.2 23.6 24.6 23.8 22.8
LSDO.05 (2-way interaction) 1.5

T AN = Hydrolyzable ammonium N including exch. NH4
¥ Expressed as % of total N

5 Values at zero rate not included in ANOVA
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Table 17. Effect of type and rate of crop residues and time of
incubation on the proportion of total N as amino acid N.

Amino acid nitrogen (AAN)

Incubation time (days)

Residue Rate 0 21 42 63
Y T T e
Check o¥ 32.9 26.1 30.0 30.8
Alfalfa 2 21.7 24.5 1 25.9 25.3
10 33.7 26.3 30.5 28.6
50 26.7 26.0 25.2 25.2
Navy bean 2 34.8 30.6 29.5 29.7
10 34.8 26.6 33.0 29.
50 29.2 28.9 34.1 35.
Corn 2 22.1 25.7 30.7 26.
10 27.9 30.3 33.4 34.
50 31.6 27.8 35.7 34.
Sugar beet 2 22.1 27.9 30.9 30.
10 25.0 25.8 33.5 31.
50 28.3 28.5 32.5 29.
LSDO.OS (3-way interaction) 4.7

T Expressed as % of total N

x Values at zero rate not included in ANOVA
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Table 18. Simple effect of type of crop residues and time of
incubation on the concentration and proportion of
total N as amino sugar N.

. Amino Time of .

Residue sugar N incubation Amino sugar N (ASN)
mg/kg day mg/ kg %T

Alfalfa 90.5 0 76.2 9.7

Beans 73.7 21 58.4 7.4

Corn 66.7 42 82.8 10.4

Sugar beet 62.2 63 75.9 9.9

LSDO.05 7.9 7.9 1.1

1 Expressed as % of total N
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Table 19. Effect of type and rate of residue on the proportion of
total N as amino sugar N .

Amino sugar N (ASN)

Residue rate (g/kg)

Residue of 2 10 50 Residue Mean
______________ A S

Alfalfa 16.2 12.5 11.4 6.5 11.6

Navy bean 16.2 10.1 10.5 10.1 11.7

Corn 16.2 9.2 9.3 8.6 10.8

Sugar beet 16.2 8.6 8.8 7.1 10.2

Rate mean 16.2 10.1 9.9 8.1

LSDO.OS (2-way interaction) 1.8

t Values at zero rate not included in ANOVA

I Expressed as % of total N
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Table 20. Simple effect of time of incubation on the proportion
of total N as hydrolyzable unknown N,

Incubation time Hydrolyzable unknown N (HUN)T
Day ( 4%
0 . 27.2
21 26:5
42 13.1
63 : 13.4
LSDO.05 1.1

1 HUN = Hydrolyzable unknown N = Total hydrolyzable N
- (ammonium N + amino acid N + amino sugar N)

} Expressed as % of total N
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APPENDIX Bl

HODUNK SERIES

The Hodunk series consists of moderatley well drained Gray-

Brown Podzolic (Ochreptic fragudalf) soils with fragipans which

developed on calcareous sandy loam glacial %ill. Hodunk soils are

found in association with the well drained Hillsdale and moderately

well drained ETmdale series which also developed on calcareous sandy

loam till.

So0il Profile:

AP 0-0.18m

A 0.18-0.41m

2

Bim 0.41-0.64m

Hodunk sandy loam

Dark grayish brown (10 YR 4/2) to very dark grayish
brown (10 YR 3/2); sandy loam; moderately fine,
granular structure; friable when moist and soft
when dry; medium content of organic matter; medium
to slightly acid; abrupt smooth boundary. 0.10 to
0.28m thick

Yellowish brown (10 YR 5/4); pale brown (10 YR 6/3)
or 1ight yellowish brown (10 YR 6/4); sandy loam;
weak, fine, granular to weak, find subangular blocky
structure; very friable when moist and soft when
dry; medium acid; abrupt wavy boundary. 0.15 to
0.51 m thick.

Brown (10 YR 5/3) to pale brown (10 YR 6/3); sandy
loam to light sandy clay loam; massive to weak,
thick, platy structure; firm when moist and brittle
when dry; weak to moderately developed fragipan;
few then clay flows; medium to strongly acid;

clear wavy boundary. 0.10 to 0.30 m thick.

138



139

Bzg 0.64-1.17m Brown (10 YR 5/3) to yellowish brown (10 YR 5/4)
mottled with yellowish brown (10 YR 5/8) and dark
brown (7.5 YR 4.4), mottles are common, medium,
distinct; sandy clay loam, heavy sandy loam, or
light clay loam; few thin clay flows; weak, medium,
subangular blocky structure; firm when moist,
strongly to medium acid in the upper part and
slightly acid in the lower part; abrupt irregular
boundary. 0.38 to 0.76 m thick.

Cg 1.18 m + Light yellowish brown (10 YR 6/4) to brown (10 YR
5/3) mottled with yellowish brown (10 YR 5/6-5/8),
mottles are common, medium, distinct; sandy loam;
massive to very weak, coarse, subangular blocky
structure; friable when moist and hard when dry;

calcareous.

Topography: Gently to moderately sloping till plains and
moraines.

Drainage and Moderately well drained. Surface runoff is slow

Permeability: to moderate. Permeability is moderate to slow
depending upon the degree of development of the
fragipan.

Natural Deciduous forest consisting of sugar maple,

Vegetation: beech, oak, and hickories.

Source: Schneider, I. F., R. W. Johnson, and E. P. Whiteside.

1967. Tentative placement of Michigan series in
the new soil classification system. Dept. of
Crop and Soil Sci., Michigan State University,
East Lansing, Michigan.



APPENDIX B2
KALAMAZOO SERIES

The Kalamazoo series consists of deep, well drained soils,

formed in loamy outwash overlying sand, loamy sand, or sand and gravel

on outwash plains, terraces, valley trains, and low lying moraines.

These soils have moderate permeability in the A and B horizons and

rapid permeability in the 11B and 11C horizons. Slopes range from

0 to 12 percent.

Mean annual precipitation is about 34 inches, and

mean annual temperature is about 49 degrees F.

TAXONGMIC
CLASS:

Typical
Pedon:

Soil Profile

Ap 0-0.28m

B1 0.28-0.41m

B21t 0.41-0.51m

B22t 0.51-0.76m

Fine-loamy, mixed, mesic Typic Hapludaifs.

Kalamazoo loam--on a 1 percent slope in a cultivated
field. (Colors are for moist soil unless otherwise
stated.)

Dark grayish brown (10 YR 4/2) loam; weak medium
granular structure; friable; common fine roots;
neutral; abrupt smooth boundary. 0.15 to 0.28 m
thick.

Dark yellowish brown (10 YR 4/4) loam; weak medium
subangular blocky structure; friable; common fine
roots; worm channels filled with Ap material;
neutral; gradual wavy boundary. 0 to 0.15 m thick.

Dark yellowish brown (10 YR 4/4) clay loam; moderate
medium subangular blocky structure; firm; thin
continuous dark yellowish borwn (10 YR 3/4) clay
films on faces of peds; few fine roots; 1 percent
pebbles; neutral; gradual wavy boundary.

Dark brown (7.5 YR 4/4) clay loam; moderate medium
subangular blocky structure; firm; thin continuous
dark yellowish brown (10 YR 3/4) clay films on

faces of peds; few fine roots; 1 percent pebbles;
neutral; gradual wavy boundary. The combined thick-
ness of the B21t and B22t horizons 0.20 to 0.76 m.
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B23t 0.76-0.96m

IIb31 0.96-1.07m

ITb32 1.1-1.39m

IIC 1.4-1.63m

Drainage and
Permeability:

Use and
Vegetation:

Source:
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Dark yellowish brown (10 YR 4/4) sandy loam; weak
medium subangular blocky structure; friable; thin
discontinuous dark yellowish brown (10 YR 3/4)

clay films on faces of peds; 5 percent pebbles;
mﬁdiam acid; gradual wavy boundary. 0.15 to 0.38 m
thick.

Dark yellowish brown (10 YR 4/6) loamy coarse sand;
massive; friable; 10 percent pebbles; medium acid;
gradual wavy boundary. t to 0.51 m thick.

Dark yellowish brown (10 YR 4/4) gravelly loamy
sand; massive; friable; 20 percent pebbles; neutral;
gradual wavy boundary. 0O to 0.38 thick.

Dark yellowish brown (19 YR 4/4) gravelly coarse
sand; single grained; loose; 20 percent pebbles;
slight effervescence; mildly alkaline.

Well drained. Runoff is slow on the level areas
and rapid on the steeper slopes. Permeability is
moderate in the A and B horizons and rpaid in the
1IB3 and IIC horizons.

A large part is cropped to corn, wheat, soybeans,
and hay. A small part is in pasture. Some areas
adjacent to the larger cities are idle cropland.

The native vegetation was oak and hickory forest.

National Cooperative Soil Survey, U.S.A., 1978.



APPENDIX B3

CHARITY SERIES

The charity series consists of poorly drained to very poorly
drained and 1imy soils which developed from highly calcareous stratified
lacustrine clay and silty clay materials (management group lc-c). They
are generally located in nearly level till and lake plain areas.

Representation profile of Charity silty clay loam in a cultivated
field:

0.0.15m Very dark gray, friable, limy silty clay loam;
strong granular structure.

0.15-0.28m Grayish-brown, firm, 1imy silty clay.

0.28-0.51m Light brownish-gray, very firm, Timy silty clay;
faintly mottled with pale brown.

0.51-1.07m + Light brownish-gray, very firm, limy clay.

Taxonomic lass for the Charity Clay: Aeric, Hapleaquept, fine, illitic

(calcareous, mesic)

Source: So0il Survey Arenac County, Michigan. USDA Soil Conservation
Service in Cooperation with Michigan Agric. Exp. Sta. and

Michigan Dept. of Conservation, May 1967.
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