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ABSTRACT

QUANTITATIVE AND QUALITATIVE CHANGES
IN SOIL ORGANIC MATTER AS RELATED TO
RESIDUE ADDITIONS, CROPPING
SEQUENCE AND MANAGEMENT

by Rebert Michael Harrison

Effects of resiZue amerdirents, time, cropping sequense and
mai.sgement practices cn quantitative and qualitative changes in soil
¢rganic matter were ohgerved during the course of two field experinents,
Ore invoived incorporated additiozs of plant residues in a S5-year rota-
tion ¢a Sims clay leoam. The other involved surface mulches of similar
materials in a ynung apple orchard on an ;ssociation of lighter textured
naturally well-drained soils.

Total soil nitrogen was determined by macro-Kjeldahl procedures
and tectal organic carbon by wet combustion ard manometric or gravimetric
measurements of CO>., Selected scils were subjected to an acid hydroly-
tic fractionation of nitrogennus constituents by an as yet unpublished
rapid procedure developed by J. M. Brerner of the Icwa Experiment
Staticn.

After 50 years cf cropping, scil rnitregen in the Sims clay lcam
was still declining at a basal rate of 1.28 percent per year. Large
increases in niftrogen shove this base line were observed for a massive
(40 tons per acre) addition of sawdust. With normal return or moderate
(4 tons per acre) additions of alfalfa-brome hay or wheai straw, cyclic
fluctuations occurred as nitrogen was depleted below the base line
during the years that tilled crops were grown and recovered again to
levels above the base line during the two years that alfalfa-brome

hay was grown.
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It appeared that carbon played a key role in promoting increases
in nitrogen. With moderate additions in the rotation experiment, cyclic
increases of 100 to 150 pounds nitrogen per acre were preceded by in-
creases in carbon leading to C/N ratios abcve 10. A 600-pound increase
during the first three years after addition of 40 tons of sawdust was
associated with C/N ratios of 14 to 16. Increases of 1080, 720 and
680 pounds nitrogen per acre under mulches of alfalfa, grass hay and
straw, respectively, were accompanied by increases of carbon in ratios
of 10.9, 11.9 and 14,5,

Nitrogen accumulating above the base line in the rotation exper-
iment appeared in chemical combinations which were mineralized more
rapidly than indigenous soil organic matter. Nitrogen in indigenous
soil materials appeared to have a very stable decomposition rate. A
change in the second cycle of the rotation from spring plowing to fall
plowing resulted in accelerated losses of carbon, but there was no
apparent effect on the basal rate of nitrogen decline. Carbon-nitrogen
ratics between 8 and 9 were reached by the end of the experiment.

Increases in nitrogen with incorporated additions of sawdust and
with surface mulches of straw greatly exceeded accountable sources of
nitrogen in soil, fertilizer or the materials themselves. Extensive
non-symbiotic fixation of nitrogen was indicated. Such fixation
occurred, however, under conditions which promoted nitrogen deficiencies
in trees and crops for 3 to 4 years in both experiments.

Preliminary evaluation of nitrogenous fractions suggests that
microbial assimilation and chemical complexing during early stages of

decomposition of plant residues may be reflectac by dieproportionaie
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increases in d-amino n!.troge.n and nitrogen in the non-hydrolyzable
fractions.

With further oxidation, a transfer of nitrogen from the

non-hydrolyzable fraction to ammonium or unidentified forms in the
hydrolysate may occur. Humus formed from leguminous residues may
be disproportionately low in d-amino nitrogen because of more rapid

and extensive degradation of protein constituents.
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INTRODUCT ION

A general and direct relationship between soil organic matter
content and productivity has long been recognized. Beneficial effects
of organic matter on soil structure, water-holding capacity, nutrient
supply and cation exchange capacity, have been demonstrated. Numerous
organic compounds with specific antibiotic or growth regulating proper-
ties have also been isolated from soil organic matter and from plant
and microbial residues and products. However, it has been impossible
to sort out the specific contribution of each of these effects to crop
growth. The only quantitative correlations between soil organic matter
levels and crop response for which general validity has been shown in the
field have been in terms of nitrogen supplying power.

It has been found that the release of nitrogen from soil organic
matter has the characteristics of a first order reaction. In other words,
the annual rate of release is a function of organic matter present. Use-
ful correlations between soil organic matter and crop yields have been
obtained when soils differing rather widely in organic matter content have
been compared.

Within groups of soils differing less widely in organic matter con-
tent, however, large differences in crop responses to nitrogen appear to
be related to differences in quality, or composition, of the soil organic
fraction. These differences are related to differences in texture and

clay content of the mineral fraction, to top phical and t

factors influencing drainage and aeration, and to the nature and rate of

return of organic residues.






The objectives of the present investigation were:

1) To evaluate quantitative changes in levels of carbon and
pitrogen in soils as related to time or cropping sequence where surface
and incorporated additions of widely varying rates and types of plant
residues had been made.

2) To evaluate associated changes in quality of soil organic
matter as reflected by C/N ratios and, in a preliminary manner, by the

distribution of certain important chemical forms of soil nitrogen.






REVIEW OF LITERATURE

Soil organic matter is described by Bollen (11) as being a pro-
duct of environment. It is a complex mass of partially decomposed or
more or less humified material resulting from microbial action on dead
organisms of all kinds.

Plant constituents form the major source of energy for soil organisms
and of raw materials for the production of soil organic matter. In addi-
tion to axygen and hydrogen, organic matter is essentially composed of the
elements carbon, nitrogen and smaller amounts of phosphorus and sulfur.

In many soils the ratio of carbon, nitrogen, phosphorus and sulfur is of
the order of 100:10:1:1, respectively. Since carbon and nitrogen are ‘the
main elemental constituents, the carbon-nitrogen ratio is often used to
describe organi'c matter in a general way. The carbon-nitrogen ratio.is
helpful in assessing the influence of organic matter on plant growth as
well as in the gross characterization of the quality of organic matter in
the soil (68).

It is a well known fact that a few percent of organic matter in the
soil has profound effects on soil fertility. These effects may include
improvement of soil structure, drainage and aeration, increased water holding
capacity, buffer and exchange capacity and the supplying of nitrogen, phos-
phorus and other elements. Under some conditions organic matter also
affects the availability of inorganic phosphorue and nutrients such as
manganese and copper. Some of the low molecular weight, water soluble com-
ponents may be responsible for the mobilization and transport of sesqui-
oxides in the processes of gleying and podzolization (19). Some of these

soluble components of plant or microbial origin have antibiotic or growth
3






Tegulating activity which is readily demonstrable in controlled labor-

atory experiments (51, 53, 72).

For several hundreds of years, observations have been made on the
beneficial effects on plant growth following the incorporation of plant
and animal residues into the soil. Only in the last 80 years have labor-
atory analyses and controlled experimentation been employed for studying
the physical, chemical and biological bases of these plant responses.
Such investigations have been concerned with the nature of organic con-
stituents of plants, their rates of decomposition in or on the surface

of soils, the role of soil microorganisms, and the characterization of

pr mpanying d mposition, such as the immobilization and
mineralization of nitrogen and other r;utrient elements, the nature of
decomposition products, and the formation of humus.

Enzminger and Pearson (33), in reviewing the contributions of
several investigators, discuss the origin and depletion of soil organic
matter, nitrogen and carbon. For virgin temperate soils, equilibrium
levels .of these components are established according to the conditions
prescribed by the five soil forming factors. Climate and vegetation are
deemed more influential than topography, parent material or time. Such
an equilibrium is disturbed upon cultivation, and declines in organic
matter levels result. Jenny (46) points out that various agricultural
practices can differentially influence this rate of decline. Beginning
with organ£c matter equilibrium levels under virgin conditions, the
initiation of agronomic practices involving the use of perennial legumes
and lime without tillage are found to slightly increase organic matter.

Tillage oberat‘ions promote rapid declines from virgin levels, as does






drainage of imperfectly or poorly drained soils, and lime accelerates

such declines in soils initially acid. Depletive effects of tillage
are directly proportional to the frequency or intensity of cultivation.
Thus, the rate of decline increases with the proportion of tilled to
untilled crops in the rotation, and is greater with a cultivated crop
such as corn than with cereal grains. The rate of decline is inversely
related to the annual or rotational rate of residue return. The effec-
tiveness of different residues in opposing depletion varies, livestock
manures being particularly effective.

Based on the assumption that with a given type of culture a certain
fraction of total organic carbon and nitrogen will be lost 16 a year of
cropping, Salter and Green (70) used the equation Ct = CoKt to mathe-
matically express this loss. Ct and Co represent the levels of carbon
or nitrogen at any time (t) and at zero time, respectively. K repre-
sents the percent of the element remaining after growing the crop a single
year. In long term field experiments, it was found that one year of corn
resulted in an annual loss of 3 percent of both carbon and nitrogen.

Oats and wheat contributed approximately 1% percent losses of both ele-
ments. When Timothy hay or clover were included in rotations of corn
and small grains their individual effects for the year in which they were
grown were to increase the levels of soil carbon and nitrogen. Clover
was about three times as effective as timothy.

Woodruff (96) and Dawson (30) have demonstrated that organic matter
decline in soils has the characteristics of a first order chemical re-
action and that the equation of Salter and Green applies to field obser-

vations when allowance is made for additions of carbon or nitrogen from






Tesidues or other sources, and when observations cover soils ranging
rather widely in nitrogen or carbon content.

Nitrogen additions to soils may occur through biological fixa-
tion by certain autotrophic and heterotrophic microorganisms, oxidation
by lightning discharge and subsequent water solution associated with
rainfall, additions of organic matter and use of inorganic fertilizers.
No more than 2 to 3 percent of the total soil nitrogen resides in the
inorganic form at any one time, the remainder being associated with

organic constituents representing a wide range of structural entities

and polymers (16, 33).

Fritschen and Hobbs (35) found continuous losses of soil carbon
and nitrogen occurring in a 16 year rotation involving four years of
alfalfa plus a corn - wheat - wheat sequence for the remaining 12 years.
The same results occurred for a three year corn - soybean (hay) - wheat
rotation. The greatest losses were on those plots having initially high
carbon and nitrogen levels. Row crops caused the greatest decreases of
carbon and nitrogen and losses were influenced 1little by fertilization
treatments. Stevenson (81), examining some of the Morrow plot soils at
the University of Illinois, found that after 50 years the percent of
soll carbon and nitrogen associated with continuous corn or corn - oat
rotations were about one-half the amounts found in the grass border or
where clover had been included in the rotation. Hobbs and Brown (41)
and Haas (37) found similar decreases in nitrogen and carbon contents
of Great Plains soils during 30 to 43 years of cropping. Small grains
or small grains and fallow were mostly employed. Karrager (49) observed
a total nitrogen increase over a three year period when a rotation in-

cluded red clover. No increase was noted if soybeans or orchard grass






replaced clover. After 45 years, a continuous blue grass - white clover

sod had 77 percent more nitrogen within an 18 inch depth than when to-
bacco was continuously grown.

Mineralization of nitrogen from organic forms involves the processes
of ammonification and nitrification, whereby nitrogen in soluble forms is
made available for use by plants and microorganisms. Mineral forms of
nitrogen may be lost from the soil by crop removal or leaching. Other
pathways of nitrogen loss, dependent upon soil physical and chemical
conditions, include gaseous losses through ammonia volatilization,
microbial denitrification under anaerobic conditions and the chemical
decomposition of nitrite to gaseous products at pH's below 5.0 to 5.5
(7, 19, 25, 44, 79). Such losses are unpredictable, but they may average
15 percent of the annual additions of fertilizer nitrogen to agricultural
soils in the humid regions (3).

The fact that most cropping practices result in declines of soil
organic matter, carbon and nitrogen has led to investigations concerning
how such declines may be reversed, stabilized or lessened in rate. One
such approach considers the effects of extraneous sources of plant resi-
dues and their incorporation into or their placement on the surface of
soils.

It is found that when carbonaceous organic materials are added to
the soil, microbial populations increase as a result of the new energy
gource. The initial high carbon to nitrogen ratios rapidly decrease with
the evolution of C0. By the time organic residues have been decomposed
to more or less stable forms comparable to humus, approximately 75 percent

of the carbon will have been lost as COy (4, 9, 36, 63).






When carbonaceous materials are added to soils, that portion of
soll nitrogen ‘which was present in the mineralized form and considered
available for crop utilization is directed into immobilized organic
forms by the microbial population, The extent of immobilization is
dependent upon the amount of residue added and its nitrogen content.
As decomposition continues and soil carbon-nitrogen ratios approach
approximately 15:1, some of -the organically combined nitrogen becomes
mineralized into plant utilizable forms (40, 45, 60, 63, 68, 73, 89).

When inorganic forms of nitrogen are supplied to soils along with

carbonaceous residue incorporations, the intensity of microbial activity
and the amount of immobilization of soil nitrogen is temporarily in-
creased. At the same time, however, more nitrogen is available for crop
use. There is controversy as to whether the addition of supplemental
nitrogen with organic residues leads to the stabilization of carbon
during decomposition, and an increase in the amount of humus formed. An
increase in levels of humus may be more indirectly related to higher
amounts of crop residues being returned to the soil, resulting from the
nitrogen having stimulated crop growth (4, 19, 62).

Investigations indicate that organic matter, nitrogen and carbon
contents of soils are temporarily increased by the incorporation of or-
ganic residues. The nature of such increases are dependent upon the
environmental conditions of the experiment and the composition of the
residue employed. Decomposition rates and soil changes in carbon and
nitrogen levels are more rapid for incubation studies than under field
conditions. Carbon contents in soils are initially high for such carbon-

aceous residues as straw, grass hay and sawdust. Loss of carbon with






decomposition results rather quickly in soil carbon levels comparable to

the control. Total soil nitrogen is increased when manure or leguminous
residues are used and the soil is then allowed to remain under fallow
conditions. When crops are grown in conjunction with these residues,
soil nitrogen levels decline (1, 29, 36, 54, 66, 74).

The use of sawdust as an organic amendment serves to depress crop
yields during the first years after incorporation. Such depressions may
be overcome through the use of supplemental nitrogen. Slight improve-
ments in soil structure are sometimes noted. Other observations indi-
cate that sawdust does not affect soil acidity nor does it result in the
formation of toxic substances (12, 57, 69).

Several investigators (24, 26, 38, 56, 76) have observed the
accelerated decomposition of native soil organic matter upon the addition
of organic residues to soils. In explanation, the addition of such re-
sidues promotes enhanced microbial activity by reason of increased energy
supply. The attack on native organic matter is enhanced more or less.in
proportion-to the increase in microbial activity. Pinck and Allison (65)
maintain that no marked accelerative oxidation of native carbon occurs,
stating that carbon released from soil sources is independent of the
amount of extraneous organic carbon added. They found no accelerated
oxidation of soil carbon when one gram of millet was added to 100 grams
of soil or sand and clay mixtures. They concluded that a priming effect
on decomposition of soil organic matter would not occur with rates of
residue addition used in actual farming practice.

The practice of using organic materials as mulches has been preva=-

lent for many years. Mulches are known to have many effects on the surface






layers of the soil and in consequence are often employed for the benefit

of shallow rooted plants. Mulches are known to maintain lower tempera-
tures in soil surface horizons, reduce evaporation rates, reduce surface
water run-off, reduce erosion, maintain soil organic matter and nitrogen
levels, maintain a more permeable soil surface, check weed growth, and
under high moisture conditions and high decomposition rates may reduce
soil levels of nitrates. By producing favorable soil conditions and
providing an organic energy source; mulches serve to support a large
microbial population. Imprcvements in soil structure and permeability
and the release of plant nutriens from organic forms lead to increased
growth and vigour of higher plants (12, 42, 59, 68, 75, 92). White (95)
found no influence on microbial populations when sawdust was used as a
mulch on corn, lima beans and tomatoes. Increased ylelds of these crops
were attributed to higher soil moisture levels induced by the mulch.
Turk and Partridge (90) and Stephenson and Schuster (78) report that soil
organic matter levels were increased through the use of mulches.

Since soil organic compounds are of plant, animal and microbiological
origin, complex heterogeneous mixtures and pclymers in various stages of
decomposition and synthesis are present. For this reason, great difficulty
is encountered in attempting to isolate specific nitrogen containing com-
pounds. Fractionation procedures are often employed to separate soil
organic constituents. Separations of organic matter are frequently based
on differential solubility in water, alkali or salt solutions, and inor-
ganic or organic solvents or on differential resistance to hydrolysis by
acids or bases. Various analytical techniques and procedures are applied
to these fractions to identify specific organic forms in which nitrogen

is present (22, 68).
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On the basis of resistance to acid hydrolysis, organic nitrogen
forms can be separated into hydrolyzable and non-hydrolyzable fractions.
As much as 30 percent of soil nitrogen is resistant to acid hydrolysis.
Such nitrogen is likely to be of a non-protein nature, much of it pos-
sibly in the form of heterocyclic nitrogen compounds, although some may
also be present as "fixed" ammonium within the lattice structure of
clays (14, 15, 48), Approximately 70 to 90 percent of the soil nitrogen
is released by acid hydrolysis. Of the nitrogen in soil hydrolysates,
a-amino acids account for about one-third, although these appear to be
present in "protein-like" combinations which behave like chemical com~
plexes rather than true proteins. Approximately one-fourth of the hy-
drolyzable nitrogen is present as ammonium nitrogen. The origin of
this ammonia is not clearly understood. It may result from deamination
and deamidation reactions involving aromatic amines, hydroxyamino acids,
purines, pyrimidines, uric acid and amino sugars, through the release
of clay-fixed ammonium, and possibly from the amine or ammonia moities
of condensation products of carboxyl and amino derivatives likely
formed by mechanisms proposed for "browning" processes (14, 20, 85, 87).
Amino sugars are found to comprise from 5 to 10 percent of the total
nitrogen and are found in soil hydrolysates (19, 77, 80, 82, 94). The
remaining forms of nitrogen in soil hydrolysates (approximately one-
fourth to one-third) have not as yet been identified.

Fractionation on the basis of solubility in alkali or salt solu=-
tions provides an additional method by which soil organic nitrogen com-
pounds may be characterized. Upon extraction of soil organic matter with

alkali or salt solutions, two fractions are obtained, that which is
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s0lubilized and that which is not extracted. In the latter, called humin,
organic nitrogen forms which are present may be partially extracted with
acid to comprise an acid soluble humin nitrecgen fraction. This fraction
may comprise about 5 percent of the total soil nitrogen according to
Chang and Kurtz (27). Organic matter which is soluble in alkali and salt
solutions is usually fractionated intc two fractions upon acidification.
That portion which is precipitated upon acidification is referred to as
the "humic acid" fraction and that portion remaining soluble is called
the "fulvic" fraction. It is important to note that the amount of or-
ganic matter, the maintenance of its original structural integrity and
its distribution within the fractions obtained are dependent on the na-
ture of the extractant and the conditions under which it was used.
Pyrophosphate solutions solubilize a much smaller proportion (10 to
20 percent) of the total soil nitrogen than do alkali (30 to 60 percent).
It is considered that the smaller quantities of organic matter removed
by neutral or buffered pyrophosphate extractants are more nearly re-
presentative structurally of the original -humic materials in soils than
are materials removed by alkali. The latter are likely altered by ex-
tensive hydrolytic and oxidative changes promoted by high pH (14).
Gross differences in humic acids were noted by Savage and Stevenson
(71) using sodium hydroxide and sodium pyrophosphate solutions as ex-
tractants.

From one-fourth to one~half of the soil organic matter occurs in
the "fulvic® fraction. Of the nitrogen contained in this fraction, 20
to 30 percent is associated with amino acids. Over 50 percent of the

nitrogen is associated with compounds which can be deaminated by acid
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hydrolysis to form ammonia. Such ammonia is associated primarily with

compounds other than amino acid amides and hexosamines and may be asso-

clated with amine or ammonia moieties of sugar-amine condensation pro-
ducts resulting from mechanisms similar to those in "browning" reactions
(16, 85). Humic acids contain 1 to 5 percent nitrogen, 60 to 70 percent
of which is acid soluble upon hydrolysis with N HCl. Of this acid soluble
nitrogen, approximately 40 percent is associated with gd-amino groups, 15
percent appears as ammonia-nitrogen and about 5 percent is related to

amino sugars. Oxidation of humic acids results in dialyzable and non-

dialyzable intermediate products. Higher molecular weight compounds under
continued oxidation are degraded into low molecular weight compounds and
ultimately to ammonia, carbon dioxide and volatile acids. The low mo-
lecular weight materials have high nitrogen contents of about 10 percent.
Of this nitrogen some is accounted for as amino acid nitrogen and the
non-lmind nitrogen is thought to be associated with azo-, diazo or
heterocyclic nitrogen compounds. Small amounts of purine and pyrimidine
bases have been found in association with humic acids (8, 18, 34, 71).

In general, of the organic forms of nitrogen in soils, Bremner
(19,22) states that 30 to 40 percent occurs as amino acid, 5 to 10
percent as hexosamines, less than 2 percent as purines and pyrimidine
bases and 50 percent has not been identified. Of the unidentifled

nitrogen, it is postulated that it may exist in complexes involving

lignin-ammonia, quinone-ammonia, quinone-amino acid and carbchydrate-

amino acid condensation products. Stevenson (79) places soil organic

nitrogen in four separable groupss 1) basic and non-basic amino nitrogen,

2) basic and non-basic non-amino nitrogen, 3) amide or ammonia nitrogen,

and 4) humin nitrogen.
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In consideration of the inorganic forms of nitrogen in soils, a
certain amount of nitrogen in the ammonium form is found to be "fixed"
within clay crystal lattices. The proportion of the tctal soil nitrogen
which is present as fixed ammonium increases with increasing soil depth
and is dependent upon the kind of clay present. Such "fixed" ammonium
may account for 3 to 8 percent of the total nitrogen in surface soils
and up to 40 percent or more in subsoils (20, 39, 58, 83, 84, 86, 87,

88).

In the studies cited above the identification of specific nitrogen
compounds was accomplished by the use of chromatographic and analytical
procedures which are time consuming and poorly adapted to extensive
studies directed toward correlating qualitative differences in soil or-
ganic matter with management factors on the one hand, or with plant
responses on the other. Bremner (22) has recently proposed methods where-
by several chemical forms of nitrogen, including mineral forms and ®-amino
and hexosamine nitrogen may be determined by sequential conversion to
ammonia. The ammonia is recovered by distillation into boric acid and
may be converted after titration to N, for partitioning of isotopic forms

of nitrogen in tracer studies.







EXPERIMENTAL METHODS AND PROCEDURES

The soil samples examined in this study were obtained from two
field experiments. One experiment concerned the effects of various
organic mulches on an apple orchard. The second experiment dealt with
the effects of various incorporated organic residues applied during a
crop rotation sequence. These experiments together with sampling and

statistical procedures are described below.

Mulching Studies at the Graham Station

This experiment located at the Graham Agricultural Sub-station
at Grand Rapids will be referred to as the mulching experiment through-
out the remainder of this study. It was established in 1954 on rolling
topography and a rather complex association of well-drained soils re-
presenting the more fertile very fine sandy loams to loams in the fruit
growing areas of the state. The site itself was marked by rather wide
variations in texture and vertical development of surface horizons
in the soil profile. The experiment had, as its purpose, to investigate
how various mulches may affect tree performance, soil properties, and
nutrient content of apple leaves during the first eight years of growth
of an apple orchard. The determination of carbon, nitrogen, and carbon-
nitrogen ratios at increasing soil depths in the present study is in
partial fulfillment of the experimental goals set forth at the time this
field experiment was established in 1954.

In the spring of 1954, uniform nursery grown stock of the Red
Delicious variety was planted in a systematically esrranged block design
experiment with four replications. In mid-summer, mulches of alfalfa hay,

15
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Qrass hay, wheat straw, and hardwood shavings were applied at rates

of 100, 200, and 300 pounds per plot with the exception of the check
plot. Wood shavings were not applied at the low rate. Each plot,
containing a single tree, measured 23 x 26 feet. All mulches except
the wood shavings were annually replerished to maintain the prescribed
quantity of mulching material on each plot. Weeds were controlled with
herkbicides and by hand. No inorganic fertilizers were applied and all
plots received the same insecticide sprays.

Soil samples were taken in the summer of 1961, seven years after
the experiment was initiated. Six to eight cores were composited frem
depths of 0 to 6, 6 to 12, 12 to 18, and 18 to 24 inches for each plot.
Composited samples were forced through a 4-mesh screen and thoroughly
mixed before aliquots were withdrawn for transporting to the laboratory.

Although four replications of each treatment had been established
in systematically arranged blocks in 1954, attrition of trees by wind
damage left only 37 of the original 48 plots for sampling in 1961, Be-
cause of the large number of missing values, analytical data were ana-
lyzed statistically in accordance with a completely random design with
unequal replication (28). Ranges of equivalence among equally repli-

cated means were determined according to the method of Duncan (32).
The Rotation Residue Experiment

The rotation residue experiment was on the Lee Ferden farm approxi-
mately 35 miles northeast of Michigan State University and was initiated
in 1951, The soil was classified as a Sims clay loam. The 5-year rota-

tion sequence was corn, followed by white field beans, barley and two
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Years of alfalfa-brome hay. Each crop appeared on one of five tiers
during each year. The following residue treatments were replicated five
times on each tier:

1) Two years alfalfa-brome hay (two cuttings per year, removed).

2) Two years alfalfa-brome hay (two cuttings per year; removed the
first year, weighed but not removed the second year).

3) One initial hardwood sawdust application plowed down before
corn at the rate of 35 to 40 tons per acre. Two cuttings
per year of alfalfa-brome hay were removed as in treatment 1.

4) Wheat straw, at 4 tons per acre, applied each cycle of the
rotation after second year alfalfa-brome hay and plowed down
for corn. Two cuttings per year of alfalfa-brome hay were
removed as in treatment 1.

Each residue plot, measuring 14 x 90 feet, was further divided
longitudinally, with one-half receiving supplemental nitrogen on corn,
beans, and barley, although nitrogen top-dressings were discontinued on
barley in the second cycle of the rotation. Table 1 shows the basic
fertilization and the supplemental nitrogen application rates for each cxop.

Soil samples for the rotation experiment were composited for each
unit treatment (residue x nitrogen) from each tier of plots in late
September or early October for five consecutive years (1956 through 1960).
Ten cores to an 8-inch depth were taken randomly from each plot. The
cores for the five replications of each unit treatment within each tier
were combined, passed through a 4-mesh metal screen and thoroughly mixed
before removal of representative aliquots to be taken to the laboratory.

The residue treatments were initiated on a different tier in each
of five consecutive years (1951 through 1955). Thus, the soil samples
taken during the years 1956 through 1960 actually represented a sequence

of nine years after initiation of residue treatments. The relationships
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Table l.--Per acre rates of application of basic fertilizer and
supplemental nitrogen for the crops grown in the
rotation experiment.

Crop Basic fertilizer Supplemental nitrogen
Corn 100 1bs. 5-20-10 100 1bs.
Beans 300 1bs. 0-14-7 or 40 1bs.

210 1bs. 0-20-10
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