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ABSTRACT
Additions of mineral nitroqen accelerated the initial decomoosition rare

of incorporared wheat strawlalfalfa hay and giucose when added to two
soils dilfering widely in organic matter contenr. However, in the more
advanced stages of decomposition the revcrse 1!'as true, and over the total
incubation. period larger amounrs of carbon rveie maintained in soils supple-
mented wltn nrtrogen,

In contrast to all other residues used. nitroEen additions to cellulose
effected a coutinuous and suhstantial i:rcrcasc ln residue dccomposition.
This was_rhe ouly rcsirluc for rvhiclr rhe mineralization of soil 

'organic

matter did not supply nitrogen adequate for its decomposition v.ithin 120
days.

. Th,e very slow rare of decomposition of sphagnum peat could be atui-
buted to its high lignin contenr, rather than to the niirogen levels.

Sulphacetoll.-sis analysis, rvhich measures rhe non-humified carbon, indi-
cated_the feasibility of separating non-hurnificd crop residues from the more
complex soil organic matter. Addition of organic imendments thus resuited
in a dr-op in the soil humificarion quoticnr.- Nitrosen resulted in the re-
tenrion of a sig-nificrnriy higlrcr rren.cnrage of thc -added r.esidue. wirirout

3orfi.O 
t" the humification ,quoriinr for iire l.righ organic matter Melforr

Residue.applications to soils produced a significanr improvemenr of srruc-
rural developmenr, especially in the low organic matter soil (Arborfield.,t .

INTRODUCTION

. The .long-te.rm effect of nitrogen on the transformation of organic
carbon within the -soil, although of principal importance, is not clearly estab-
lished. Since humus has been found to contain a fairly constant ievel of
nitrogen-undrr compararive environmental conditions (2, tZ1 it is usually
argued that humus synthesis from crop -residues, or other added organit
amendments, cannot occur unless suflcient nitrogen is present. Inorganic
nitrogen additions to a residue usually stimulate the iniiial rare of deiom-
position. This may lead ro a higher begree of humi6cation of rhe original
plant remains, t)ut not necessaril'y to a 6uild-up of the soil organic m-atter
Ievei. Lee and Bray (3), Saiter-(10), and Tuik and Millar (Io) consider
that added nitrogen is of principal importance for the prevention of ex-
cessive carbon lois. otherinvestisators'utilizing differenr'soils and environ-
mental conditions have come to tfre opposire c6nclusion (s, 17).

There are also experimental results indicating insignificant difierences
in decomposition between nitroqen-treated and irntreJted residues in soil
(4, 11).. N"yrgl (6), srudying"de.omporirion rates of incorporated wheat
straw in Podzolic Grey wooded. chernozemic Black and chernozemic
Brown soils, did not obtain any significanr responses in co, evolution to
fertiiization with nitrosen.
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Experimental Fam; uow at Bundesmstalt fiir Boden-

Science, respeetively.
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This study was conducted to investigate the, problem. of maintairyng

,oif -g""i" -irr., by the addition of vari6us residue materials' with differ-

ins niriogen Jevels, td rwo cultivated mineral soils of different organic matter

;""r;;;;-" Ouantitative carbon mjneralization studies, $ 1ea.ns 
of measuring

CO" produition, and a qualitative char-acterizadon of the humus fraction,

were'used in an attempt io resolve the discrepancies among previously pub-

lished reports.

MATERIALS AND METIIODS

The two soils used in this study were obtained from the cultivated Ap
horizon of an Orthic Black silty ilay (Melfort Association), and a Grey
Wooded Solodized Solonetz clay Ioam (Arborfield Association)' resPec-

tively (5). Both soils were developed on fine textufed-, glacial-lacustrine
prr.ila'marerial. They are both fiee of in_organic-carbonate, but differ

inarkedly in soil organic matter content. Some of the more- ilpgr.tant
physical'and chemicil characteristics of the two soils are shown in Table 1.

Particle size distribution was determined by the pipette method, and
pH values on a saturated paste. The organic caibon was-determined by the
'dry combustion technique, and nitrogei by using the micro-Kjeldahl pro-
cedure.

Table 2 shows the composition of the five organic residues used in this

study. wheat srraw, alfalfa hay and sphagnum moss wer'e 
-applied 

to the

soil in a finely ground form. The ceilulose was derived from shredded

filter paper, 
"hd"glo.or" 

was an analytical reagent. Total phosphorus in
the reiid'ues was d"etermined by the molybdo-phbsphoric blue color method

(14) after wet digestion of the material.

Percentagel org.
carbon

%
pH

u.,-
moist.

(.L

r/3
atmos.

%

Nitrogen
%

C/N
ratio

Nlelfort

Arborfield

Sand

18.7

37.0

Clay

39.7

25.0

6.40

5.8s

6.00

t.6438.0

t2.22

12.52

4.40

rSand: 2 mm. to o.o5 mm.
Silri 0.05 mm. to 0.002 mm
Clay: finer than 0.002 mm.

Organic compound n/oc C7D/ar

Wheat straw
Alfalla
Sphagnum peat
Cellulose (filter paper)
Glucose (pure chemical)

+7.1
45.3

41.0
40.0

0.787
2.378
0.713
none
none

0.078
0.134
0.050
none
none

T.q.ulp 1. 
- 

Pnvsrcel AND cHEMTCAL PRoPERTIES oF THE solr-s

Ta.ur-B 2. - Cnourclr- PRoPET{TrES oF THE oRGANrc RESIDUES
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Fifty grarns of soil, plus residue applied at a rate corresponding ro 4,
20 or 40 tons per acre (0.4, 2 and4 per cent respectively) were incubated in
SO0-milliliter Erienmeyer flasks. All residues were adjusted to a uniform
carbon-phosphorus ratio (250 to 1) by the addition of IGHPO,. The car-
bon to nitrogen ratios of the residues were adjusted by the addition of
NH,NO,. The rate of decay of the incorporated residue was follorl'ed by
measuring the evolved CO, Lsing an aerarion train; the ,CO, was collected
in 0.5 N NaOH scrubbers filled rvith "Berl Saddles" ro increase the absorbins
surface. All CO, values obtained from the incorporated residues wer-e
adjusted for CO, evolved from an untreated checli soil during the same
period. The moisru,re content of the samples rvas maintained 

-ar 
approxi-

mately 70 per cent of the field capacirv and the samples were incubied at
room temPerature.

The organic matter in some of the incubated treatments tvas frac-
tionated by Springer's sulphacetolysis technique (13, 15). The extracring
solvent consisted of a mi-xture of glacial aceric acid, aceric anhydr-ide, and
sulphuric acid. This treatment dissolves ceftain orqanic matter fractions
which are characterized by a lorv degree of polymerizition, and low nirrogen
content. These soluble fractions of organic marrer consisr chiefly of humo-
lignin acids and fulvic acids, while the inscluble part conrains humic acids.

o
o20O
or,
oz

a

U
N

30 40 50 60 r00 ilo r?o t30 r40 |

TIME-OAYS

FIcuna 1. Cumulative CO, evoluticn from untreared soils.

o"......< MELFoRT SOiL

I]-.-{1 ARBORFIELD SO+L
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The soil organic matterwas fulther chalactelized follovrinq, in principle,
the procedure a: described by Reissig (9). This procedure did not indicate
any differences in organic mattel composition attributable to cIoP fesidues.

RESULTS

The respiratory activity of the unamended soil samples is shor'vn in
Figure 1. A compirison of'the curves indicates slightly higher CO" evalua-
tion frorn the Melfort soil sampie than from the Arborfield soil. When
expressed as a per cent of soil organic matter mineralized, howevet, the Mel-
foit soil sample lost 2.74 per cent and the Arborfield 7.95 per cent of its
organic matter during the 150-day incutration period.

The effect of nitrosen fertilization on the evolution of CC), from the
high organic rlatter l,Xeifort soil" and of calcium on the evolution from the
slighdy acidic Arborfield soil, r,vas also determined. The addition of 0.078

per cent nitrogen to the A'{elfolt soil, r'vithout added residue, resulted in a

63 per cent increase in CO, evolved during a 32-day incubation period.
Similally, raising the pH of the Arborfield soil sample to approximately
neutral by the addition of calciurn hydroxide resulted in an enhanced de-
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Effect of nitrogen on cumulative CO, evolution from soils incubated
rvith 4 tons of straw per acre.
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Frcunn 2.

C
an

. J
. S

oi
l. 

Sc
i. 

D
ow

nl
oa

de
d 

fr
om

 p
ub

s.
ai

c.
ca

 b
y 

C
O

L
O

R
A

D
O

 S
T

A
T

E
 U

N
IV

 L
IB

R
A

R
IE

S 
on

 1
2/

24
/1

3
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



280 CANADIAN JOL-R|iAL OF SOIL SCTENCE [Vol. 42

composition rate. Sixty-five milligrams of calcium hydroxide increased the
total amount of CO, evolved from 153 to 274 millisrams.

Decomposition of Straw and Alfalfa
Figure 2 illustrates the cumulative 'CO, evolution otrtained from the

two soiis treated with wheat straw at a rate equivalent to 4 tons per acre.
Alteration of the original carbon to nitrogen ratio of the stra$/ from 60/I
to l0/l by the addition of nitrogen resulted in a reduced CO, production
during the 114-day incubation period. After 2% months, the rare of
mineralization of the straw was practically zero in both soils. Approxi-
mately 20 per cent of the added residue was not accounted for by the CO,
evolved and is assumed to be a contribution to soil organic matter.

Figure 3 shows the cumulative CO, production curves for the two soils
treated with a straw application equivalent to 40 tons per acre. The
nitrogen-treared samples had higher initial decay rates during the first 3

weeks of incubation but lower rates thereafter. Nitrogen fertilization
again resulted in a net reduction in total CO" evolved during the incubation
period. The secondary CO, evolution peak observed during the 60- to
100-day period in the soil-stra'"v mixture in the Arborfield soil was zccorn:
panied by intensive growth of fungal mycelia. Additional experiments with
20 tons of straw per acre adjusted to carbon to nitrogen ratios valying
from l0/l to 60/l produced comparable results.
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FIcune 3. Effect of nitrogen on cumulative CO, evolution from soils incubated with
40 tons of wheat straw per acre" Between drvo.usi abundant fungi mycelia growth
in Arborfield soil mixture.

odClN=60/l ,

o-clN= rolr IMELFoRT

E----{ C/N:60/l
B---.g c/N= to/t IAREORFIELD
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30 40 50 60 70 80
TIME-DAYS

Frcunn 4. Effect of nitrogen on cumulaiive CO, evolution from soils incubated with
4 tons of alfal,fa per acre.

Figures 4 and 5 represent cumulative CO" evolution curves obtained
fronr the two soils treated with the equivalent of 4 and 40 tons per acre,
respectively, of finely ground alfalfa hay having a C/N ratio of l9/1. At
the lower level of residue addition, no effect due to the added nitrogen was
observed for the Nlelfort soil; the Arborfield soil, however, which is low
in organic matter, had a net decrease of CO, evolution. The decomposition
reactions occurring in the 4-tons-per-acre-of-alfalfa t-reatment were practi-
cally completed in both soils by the end of 114 days with approximately
70 per cent ,of the carbon of the residue evolved as CO,.

A comparison between the 40-tons-per-acre application of alfalfa and
wheat straw indicates that alfalfa had a much higher initial rate of decay
than the straw. This, however, was reversed in the more advanced stages
of decomposition. Where the straw was not supplemented with nitrogen,
CO, was still being evolved at a substantial rate, even after 150 days. In the
comparable alfalfa treatments the evolution rate had, however, levelled off
after 30 days' incubation.
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ro ?0 30 40 50 60 rc 80 90 roo llo 120 130 140 150 100
TIME- OAYS

6. Efiect of nitrogen and calciurn on cumulative CO, evolution from soils
incubated with 40 tons of sphagnum peat per acre.
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Freunn 5. Efrect of niriogen 
;i.:H:F:1i;,r??:,T3*:ton 

from soils incubated with

Decowposit:ion of Sphagnu.rn Peat, Cellulose and Glucose
Sphagnum peat incorporated into the soil was decomPosed at an ex-

tremely slow rate (Figure 6). With an application equivalent to 40 tons

Per acre, only 3 per cent and 4 per cent was decomposed during 5 monlhs
in the Arborfield and Melfort soils, respectively. Nitrogen additions to
reduce the natural C/N ratio of the peatJrom 60/1 down to l0/l lowered
this rate further. The peat had a pH of 3.5, and reduced the pH of both
soils by approximately 0.7 units. The addition of ammonium nitrate further
increased the acidiqy so that the Melfort soil dropped from an original pH
value of 6.4 down to 4.8. The increased aciditv did not. however. inhibit
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lo 20 30 40 50 60 70 80 90
TIME-DAYS

Effect of nitrogen on cumulative CO. evolution from soils incubated with
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40 tons of cellulose per acre.

mineralization of the lesidue for neutraliz tion of both soils with calcium
hydroxide resulted in a slight flush of activity which tended to level off
after 14 days (Figure 6).

The depression of evolution of CO, by the addition of nitrogen. to
alfalfa. r,vheat straw. and oeat residues in the'soil indicared that the 

"dditiottof nitrosen should lead to the formation of increased arnounts of soil humus.
Since tliis observation is somewhat contentious, the effect of nitrogen on
the decomposition of cellulose and glucose was also investigated. Cellulose
adjusted to a carbon to nitrogen ratio of I0/l and, incorporated in both soils,

had an initial decomposition rate almost double that of the soil-cellulose
mixture without added nitrogen (Figure 7). The reversal in decay rates
due to nitrogen, which was obsen ed for almost all other residue treatments'
did not however occur during 114 days of incubation.

The addition of nitrogen r'vith glucose, rvhich is also a nitrogen-free
compound, resuhed in decomposition trends opposite to those observed r'vith
cellulose and in ag.reement lvlirh those for stiaw and alfalfa (Figures 2, 3,

+, 5). The added nitrogen only caused a significant increase in the rate of
CO, evolution during the first fe-"v days of incubation. Thus, when nitrogen
was supplied to the Melfort soil u'ith glucose, approximately 60 per cent of
the glucose carbon was oxidized within the first 4 days of incubation.
Nevertheless, the nitrogen-treated samples had a lower net evolution of CO,

OHno N

o'.........-.o C/N=io/l
D----€no N

MELFORT

ARBORFIELD
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for, in the nitrogen-treated samples, the rates of mineralization decreased to
a markedly low level after the initial flush of activity during the first few
days. The A{elfort soil plus glucose, without supplemental nitrogen, de-
monsffated a net loss of organic carbon, whereas the addition of nitrogen
decreased the CO, evolution 15 per cent (equivalent to 4.4 tons of glucose
per acre).

An orsanic matter fractionation of the various incubated soils was
carried o.ti on samples after 100 days of incubation. According to the
principle of Springer's sulphacetolysis separation (13, 15), non-humified and
partially humified materials are separated and thus go into solution. The
humus fractions, which are not as reactive, are not dissolved. The humifi-

non-extractable carbon (C")
cation quotient X 100 is a relative measure of

' total organic carbon (C')
rhe stable soil humus. The results in Table 3 indicate that the humification
quotients of the Arborfield soil samples for both the untreated and treated
soils were lower than those obtained for the corresponding treatments in the
Melfort soil. This is in agreemenr with the generally accepted view that
the Black soils (A4elforc) contain a higher ratio of more stable humus com-
pounds than do the Grey (Arborfield) soiis.

Residue application, especially at the higher rates of application, resulted
in a marked lowering of the humification quotient. This was especially
true for the peat treatments which were resistant to microbial attack to the
extent that 91 per cent of residue remained after 154 days' incubation. The
peat residue #as, however, removed by the suiphacetolysis treatment and,
although resistant to microbial attack, could thus not be considered to be
humified.

Nitrogen additions to the glucose- and straw-treated samples resulted
in the retention of an extensive amount of residue. The humification
quotient of the Arborfield soil dropped as a result of the increased residue.
In the Melfom soil, however, although as much as 7 tons of residue were
retained due to the added nitrogen, the humification quotient was identical
to the non-nitrogen-treated sa.mple.

StructLtrdl Deueloprnent of Two Soils under the Influence of
Vario'us Residue Applications and Curbon to Nitrogen. Ratios

Treatments as used for the S-month CO" evolution test were duplicated
for both soils in a parallel set-up in order to permit some chemical and
physical analyses, rvithout disturbing the samples on which the CO" m€asure-
ments were beine made. These latter soils were incubated in Neubauer
dishes, and the -iirtor. content was kept at 7 0 per cent of the field capacity.
Mechanical stirring was carried out once a month.

The soils developed characteristic structures during the S-month period,
indicating a distinct relationship with the applied treatments. This rvas
particularly appa-rent for the Arborfield soil, which is characterized by
weakly developed structure and tends to puddle when water is applied.
Figure 8 shows the structural development of Arborfield soils incubated with
glucose, straw and cellulose residues, with additional nitrogen in some cases.
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The higher tfeatments were fully effective in dirninishing the surface sealing,
and in producing aggregates which withstood the dispersing action of
applied water.

The type of residue influenced st.ructural development to different
degrees. AITaIfa produced a more friable structure than srraw' Pear

created a spongy strucfure in both soils (not shown), but_no crumb forrna-
tion rvas o^bserved and surface sealing was aggravated. Glucose tended to
cause the formation of hard non-fliable aggregates, particularly in the
Arborfield soil.

The addition of nitrogen had a favorable influence on structural 'de-

velopmenr of most of the residue-soil mi-rtures. Although surface sealing
appelred to be aggravated, the nitrogen t.reatment produced a {iner aggrega-
tion and a greater friabiiity in the straw, ceilulose and glucose treatments.
The alfalfalnd peat treatments were not affected by nitrogen additions'

DISCUSSION AND SUMMARY

Resuits from this study indicate that added nitrogen affected residue
decomposition and organic matter accumulation in two distinct rvays.
Nitrogin accelerated tf,e initial decay rate of incorporated residues. This
trend"was, holvevet, later reversed so that larger amounrs of organic carbon
were maintained when supplemental nitrogen rvas applied. This was true
for all residues, except ceiiulose, which sf,owed a ionsistently hig'her rate
of decomposition when nitrogen was added. This suggests_ that a substantial
nitrogen feficiency occurreai only in the cellulose-treated samples- In ail
other treatments? after the initial flush of activity due to the added nitrogen,
the second efiect of nitrogen predominated, namely the formation of humi-
fied organic matter. An-drews (1) observed a similar phe.nomenon. FIe
obtained high positive correlation coefficients between the-nitrogen content
of rye straiv and the rates of CO, evolution during the first month of in-
cubition. Thereafter, the correlation coefiicient became negative and r,vas

as hish as -0.853 at the end of the fourth month of incubation. The total
carbin loss was, nevertheless, higher in the high nitrogen samples' It must
be considered, however, that, in the experiment conducted by Andrews,
only about one-half of the incorporated residue had been decomposed at
the-end of the experiment. The iotal effect of nitrogen on re,sidue decom-
position can thus only be measured by carefully controlled experimens
extending over a long incubation period.

The decomposition of glucose was most advanced at all times- during
the decomposition period. Difierences in total glucose decomposed due to
nitrogen were quite apparent for the Melfort soil, but were just beginning
to bJ discernible in the Arborfield soil. For the Melfort soil, a net gain
equivalent to 4.4 tons of organic matter per acre was derived from the
glucose residue with supplemJntal nitrogen. 

^ This compared very favorably
with a net loss of 1.2 toni in the non-nitrogen-treated sample.

The humus fractionation tests disclosed the interesting fact that the
sulphacetolysis extraction technique does differentiate between residue car-
bon and the more polymerized humus fraction. In the Melfort soil the
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addition of nitrogen, although resulting in a substantial saving of organic
carbon, did not rJsult in a loi,ering of tle humification quotient. ThiJ was

not apparent in the Arborfield soil, perhaps due to the less advanced degree
of decomposition of the incorporated residues.

The initially available nitrogen content of the soil, the mineral com-
position of the iesidues, and theiimajor organic constituents, zuch as carbo-
hydrates, proteins, lignins, fats and rvaxes will all affect the decornposition
characteriitics. Thui, the extremely low rates of mineralizafion of
sphagnum peat residues, whether incubated with or without nitrogen, were
due to the -omposition of the residue rather than to soil type or amendment.

The two soils utilized in this study differed markedly in physical and

chemical characteristics. No fundamental difierenc.t *.i" obseried in the
general character of the decomposition curves. The respiration of both
soils was approximately equivalint in magnitude. However, it is note-
wofthy thaf there was a veiy significant difference in the structural changes

between the two soils.
Although added nitrogen initially stimulated decomposition, there was

no evidence'(except for pure cellulose) that a lack of nitrogen inhibited the
breakdown of the added residues. Under field conditions in Western
Canada, mineralization of soil organic matter, especially in a summerfallow
rotation, probably supplies adequate nutrients for residue decompo,sition and
for growih of the follo-ving crop. The advantages to be gained by adding
nitrigen to lower the lossei of iarbon from the-added reiidues wouid not

iustify the expense, unless the crops respond to the added nutrients.
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