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The amounts of organic matter in native prairie and in an adjacent cultivated field were

compared with the output from a simulation model describing organic mattel dynamlcs.

The effects of past and possible future soil management practices, and the loss of organic

C through rainfall erosion were incorporated into the simulation study. Seventy vears of
cultivation increased the bulk density of the A horizon by an average of I 67o along the

catena of a Black Chemozemic soil. Organic C had decrcasedby 367o in the soil proflle
at the mid-slope position. Losses of organic N were 5- l0% less. Depletion of organic c
and N from the Ah horizon accounted for >90% of the total loss from the soil profile.
Ther:efore, extrapolation of data from surface soil, based solely on changcs in the

concentration of organic C and N. could result in an overestimation of organic matter

losses from soils. Microbial biomass in thc Ap horizon of the cropsummer-fallou site

was 3O7o less than in the Ah horizon of the native prairie. The model predicted an

imnrediate rise in microbial biomass C upon cultivation of the native prairie due to a

large initial input of gfassland litter ancl roots. Subsequcntly. the microbial biomass C

decreased and approached a steady-state level which was 25t/c lcss than in the nativc

prairie. The model indicates that large quantities ofN released duringthe initial years of
culttvation woulcl not have been totally utilized by the cultivated crops, thercfore

resulting in major losses to the environment. However, now the organic matter is
reaching a steady-state level and only small net release of N can be expccted; extcrnal N

sources are required fbr optimum crop production. Management practlces such aS straw

removal and cropping sequence have sholt-tefm etfects on the rate ofdepletion of soil

orgrLnic C. Similar equilibrium levels of soil organic matter were prcdicted after 100 yr
of cr:ltivation in simulation studies that did not consider erosion los ses. The inclusion of
rainfall erosion losses indicated that major organic C and other nutrient losses will occur

in management practices that include significant portions of tallow in the cropping

sequence.

Les quantit6s de matidre organique (MO) dans un sol sous prairie originelle et dans un

sol voisin sous culture ont 6t6 compar6es avec lcs donn6es mod6lis6es rclatives aux

m6canismes de transfbrmation de la MO. Le moddlc mathdmatique prenalt en compte

les r:ffets des pratiques agronomiques ant6rieures et fventuelles (futures), ainsi que les

d6pr:rditions de C dues d l'6rosion pluviale. Aprds 70 anndcs de culture, la densit6

apprlrente de I'horizon A s'est accrue de 16% en moyenne tout au long de la chainc

rpresented at the C. S. S.S. Symposium entitled "Long-term effects of intensive cultivation on soil quality. " Halifax.

19'79.

Can J. Soil Sci. 6l:211-224 (May l98l)
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212 CANADIAN JoURNAL OF SoIL ScIENCE

(cat6na) d'un chernozem noir. A mi-pentc, la teneur en C organique avait diminu6 de
367a . Les pertcs de Norgalrique dtaient d e 5 d, l\a/o moindres. Les d6pcrditions dc C et de
N organiqucs de I'horizon Ah reprdscntaient plus de 9oa/c dcs pertes totales du profil
entier, de sorte qu'unc extrapolation des donn6es du sol de surface basie exclusivement
sur l'dvolution des concentrations de C et de N organiques pourrait donner lieu d une
surestimation des pertes de MO du sol. La biomasse microbienne de I'horizon Ap du
champ exploit6 en altcrnance culture-jachdre dtait 307c moins abondante que dant
I'horizon Ah du sol sous prairie originelle. Le moddle a permis de pr6dire un accroisse-
ment imm6diat du C microbien sous l'effet de la mise en culture de la prairie par suite de
la forte incorporation initialc de litiere et de racines tl'herbe. Par la suite. le C microbien
a diminud pour se stabiliser d un niveau 257c inflrteur d celui de la prairie d'origine. Le
moddle r6vdle que les abondantes quantitds de N libdr6es dans les premidres ann6es de
culture ne sont pas entiCrement utilis6es et qu'il s'en percl donc beaucoup d I'environne-
ment imm6diat. Cependant, d pr6sent, la teneur en MO de ces sols arrive d un niveau
d'6quilibre, de sorte que les quantit6s de N lib6r6es dans Ie sol sont relativement peu
importantes et que par cons6quent la fumure azot6e s'impose si on veut r6aliser des
productions v6g6tales optimales. Les pratiques agronomiques comme l'enldvement des
pailles et les assolements n'ont qur: des efTets de courte durde sur le taux de d6perdition
du C organique. Des niveaux d'6quilibre semblables de MO ont 6t6 pr6dits aprds 100 ans
de mise en culture dans de s 6tudes de mod6lisation ne tenant pas compte des pertes dues
2rl'erosion. L'inclusiondespertesduesal'erosioncauseeparlapluielaisseapenserque
d'imporlantes pertes de C organique et d'autres nutriments risquent de se produire dins
des systdmes culturaux accordant une place importante d la jachdre.

Prairie soils have accumulated large amounts caused by the tillage operations would in-
of organic matter under the native prairie crease the rate of mineralization (Rovira and
ecosystem. Dryland cropping, consisting Greacen 1975). Reduced rates of C input to
primarily of cereals and fallow in rotation, the soil, particularly root residues and exu-
has resulted in a substantial decrease in soil dates, have also influenced the rate of deple-
organic C and N (Lipman and Blair 1921; tion (Paul and Van Veen 1978). Soil eroiion
Newton et al. 1945; Shutt 1925). Greenland during rainfall (Smith and Wischmeier 1962;
(1962) reported that organic N in the surface Van Vliet and Wall 1919) and snowmelt
of some Australian soils had decreased by up (Nicholaichuk and Read 1978) have contrib-
to 50Vo after cultivation. Similar losses of uted to the depletion of orsanic matter from
organic matter have been recorded by Saun- hillslopes. Wind erosion has seriously re-
der and Grant ( 1962) for cultivated Rhode- duced the level of orsanic matter on both flat
sian soils when compared to indigenous grass and undulating tofography (chepil and
cover. In Western Canada, after 60-80 yr of Woodruff 1963; Moss 1935).
cultivation, the concentration of organic C Most of the previous studies of soil organic
has decreased by 5U607o and the organic N matter levels have only considered the con-
by 4U50Vo in the Ap horizon of Chernozemic centration of organic i and N in the surface
soils (Campbell et al. 1976). soil (Schlesinger 1979). In rhis study the

The depletion of organic C and N with amount of soil orsanic C and N and the soil
cultivation can be attributed to changes in the bulk density *.rJ-.uru.ed in the profile to
magnitude of bioiogical and physical proces- the Ck horizon in similar catenas on a natrve
ses in soil. The rate of decomposition of soil prairie and cultivated field. These measure-
organlc matter increases during cultivation ments were compared with the organic C
due to increased microbial activity under a level predicted by the organic mattei model
morefavorablesoilmoistureandtemperature developed by Van veen and paul (l9gl).
regime (MacDonald etal. 1973).Incorpora- This model, which was developed for a
tion of plant residues and pulverization Brown Chernozemic soil (Aridii Boroll).
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VORONEY ET AL, oRGANIC C I)YNANIIC'S IN CRASSLANT) SOIL 213

was validated with data obtained from a

Black Chernozemic soil (Udic Boroll). The
model was modified by incorporating the uni-
versal soil loss equation and was used to ex-
amine the effects of rainfall erosion and soil
management practices on the rate of organic
matter depletion.

MATERIALS AND METHODS
Samplcs were obtained from an Oxbow loam. a

Black Chcrnozem developcd on a medium-
textured, moderately calcareous unsorted glacial
till (Head 1975). The land form consisted of knolls
and depressions. Sampling sites were selected on a

uniform, 100-m long slope with a 4olc gradient and

a northeast aspect on native prairie and an adjacent

crop summcr-l'allow ficld. The catena at the native
prairie site ranged fiom an orthic profile at thc

upper and mid-slope to an eluviated profile at the

lower slope (Table 1). The soil catena at the culti-
vated site had undcrgone similar pedogenic de-

velopment (Table 2).

History of Sampling Sites
The dominant faciation of the native prairic site

consisted of f'cscue grass, Festuca sr:ubrellaTorc.
and woodlands (aspen poplar, Popula's

tremuloides Michx. and balsam poplar. PopuLas

balsamiJera L.). The cultivated site has bcen con-
tinuously cropped to cereals in 2- and 3-yr
grain-summerfallow rotations since 1910.

Soil Analysis
Triplicate soil cores 6.65 cm in diametcr and 100

cm deep were obtained at the uppcr). mid-. and

lower-slope positions of each study sitc. Bulk sam-

ples from the A and B horizons werc sieved

through a 20-mesh sieve to remove plant residues

and maintained at about 100 kPA (l bar) motsture
potential and22'C fbr microbial biomass determi
natlon.

Organic C was determined by a wet dichromatc
oxidation technique slightly modified fiom Nclson
and Sommers (1975) and organic N was deter-
mined by semimicro-Kjeldahl (Johns 197 l). The

chloroform fumigation-incubation tcchniquc
(Jenkinson and Powlson 1976: Paul and Voroney
1980) was used to detcrrrine microbial biomass C
and N.

Model Inputs
Onr;aNrcr \,TATTER I-t-vEt-s. Radiocarbon dating
of the organic mattcr fiactions obtained aftcr acid

hydrolysis of an Oxbow soil has shown that 457c

of the organic C was hydrolyzable and modern and

557c was old (equivalent age >500 yr) (Martel and

Paul 1974). On this basis, 45a/a of thc soil organic

matter was assigned to the decomposable fraction

and 55Vo was considered to be recalcitrant.
Decomposition studies have shown that the

oroducts of microbial metabolism were stabilized
ty chemical and physical mechanisms in the soil

and therefore were partially protected against de-

composition (Sorcnsen 1975; Van Veen and Paul

( 198 I ) . This was included in the model by dividing
both the decomposable and recalcitrant soil

organic matter into protected and non-protected
subfractions. The dccomposition rate constant of'

protectcd organic matter was l/ I 00 of the decom-

position rate constant of the non-protected.
Thc study was stafted by simulating organic C

dynamics under native prairie conditions. The in-

itial lcvels oi C in the organic matter fractiont
corrcsponded to data from the mid-slope position

at the native prairie site tTable I t. The protectcd

and non-protected subfractions of decomposable

and recalcitrant organic matter were arbitrarily set

to equal levels. Annual input ratcs of C as litter/
plant residues and roots in the native prairie and

under cultivation and their distribution within the

soil profile are shown in Tables 3 and 4.

The flow of microbial products was directed in
equal proportions (0.5:0.5) between the protected

and non-protected subfactions under native prairie

conditions. Under cultivation. it was assumed that

thesc proporlions changed to 0.2:0.8 in the surface

soil and to 0.4:0.6 in the two layers for both the

dccomposable and recalcitrant orgf,nic matter
(Van Veen and Paul l98l).

Asrorrc vARtABLES. Moisture tension and

temDerature data for the surface of a cultivated
Oxbow soil are shown in Fig. L Averages of 10 yr
of rainfall and surf-acc soil tempcrature data were

obtaincd fiom records at the Indian Head Experi-
mental Farm. Moisture content of the surface soil

and fbr lower dcpths in the profile fbr both croppcd

and fallow conditions were prcdicted with the

vcrsatile soil moisturc budget model (Baier et al.

1972). Soil tempcraturc at lower profile depths

was assumed to be proportional to that at the

surface. Rcduction factors of 0.8 and 0.6 of thc

surfacc soil tcmperature were used to calculate

temperature for the second and third layers' re-

spcctively.

Sorr cnosro.-. Rainfall-induced erosion from
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Table l. Bulk density and organic C and N lcvels along a catcna at the nativc prairie sitc

Organic matter level
(thousand kg ' ha ')Depth

(cm )

Bulk density
(g cnr r) C N

Ah
Bm
Cca
Ck'

Pedon

Ah
Bm
Cca
Ck'

Pedon

Ah
Ahe
Bt
Cca
CK,

Pedon

0-12+2.51(li)
-25 + 2.\a
-51 + l.u
-71

0-15+ 1.3
-39 + 6,0
-59+5.1
69

0 13 + 0.-5

-24 + 1.0
-41 ' 1.3
-71 + l_3
8l

Upper slope
0.93 + 0.08( t)
L35 + 0.07a(2)
1.49 + 0.0-5b(3)
I .51 + 0.08

M id-slope
l.ll+0.06(1)
L37 + 0.08d(2)
1.47 + 0.04&(3)
I .49 + 0.05

Lo:rer slope
L06 + 0.07( 1)

1.28 + 0.02
1 .48 + 0.04
L59 + 0.09d(3)
1.-53 + 0.04

63 .61 + 9.2
30. -s9

2t.81
,+.08

120.l-5

94. l4 + 6.0
37.98
16.17
3.87

1-s2.t6

83.29 + 6.2
27.03
26.02
10.69
1.28

l62.ll

4.79 + 0.8
3 .04
2.15
0.36

10.34

7 .29 + 0.5
3 .70
1.62
0.42

13.03

6.45 + 0 .2
2.38
3 .6ti
t.07
0.46

14.04

iNumbers denote no significant diff'erence (P < 0.05) bctween slope positions within a studv site usrng Scheff'e's tcst
0959).
a, b Lorver case letters denote no significant diff'erence (p { 0.05 ) between the study sites using Scheffe's test ( I 95 9 ).

Table 2. Bulk density and organic C and N levels along a catena at the crop summer,fallow site

Organic matter levcl
(thousand kg har;

Soil horizon
Depth
(crn)

Bulk density
(gcm, C N

Ap
Bmk
Cca
CK,

Pedon

Ap
Bm
Bmk
Cca
CK,

Pedon

Ap
Ahe
Bt

CK,

Pedon

0-9 + 0.9
-25 + 2.4a
-39 + 1.4
-19

tFl3+ l.3a(lf)
--r4a t.:)
-14 + | .1b
-61 + l 3c
-11

0-13+0.8rl0)
-22+ 1.5
-39 + 1.0
-47 + 1.0
-57

Upper slope
1.15+0.060)
l 30 + 0.30a
1.42+0.06b
1.45 + 0.06

Mid-slope
1.17+0.04(l)
1.38 + 0.09a
L,ll + 0.04
1.51 + 0.07b(2)
1.-56 + 0.06

Lott'er slope
2l +0.06(1)
32 * 0.04
41 +0.02
57 + 0.08d(2)

1 .53 + 0.07

26.14 + 2.67 ct

30.t3
9.91
3 9r

70.39

40.15+3.07a
29.78
t0.12
12.76
3.28

96.69

19.24 + 3.l3a
t9.29
28.49
396
2.91

I03 89

2.61 + 0.230
3.01
0.91
036

6.89

3.64 + 0.34(l
2.78
L07
I .28
0.3l

9.08

4.52 + O.49a
1 .87
2.62
0.41
0.26

968
-iNumbers denote no significant difference (P < 0.05) between slope positions within a study site using Scheffe's test
( l 959).
a,blower case letters denote no significant difference (P < 0.05) between thc study sites using Scheffc's test ( 1959).
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Table 3. Annual input rates of C fiom litter/plant rc-

sidues and roots in the native prairiei and under cultiva-
tioni for an Oxbow soil

Litter/plant
residues

kgC har'Yr'-
Native prairie 1300 1800

Continuous cropping 1226 690

Crop-fallow rotation

VORONEY ET AL. ORGANIC C DYNA\,IICS IN GRASSLANI) SOIL 215

horizon had a medium granular structure and mod-
erate permeability utilizing the soil erodibility
nomograph described by Wischmeicr et al. ( I 97 I ) .

The K tactor was set to 0. 8 whcn the organic lnatter
content was 0 and decreased linearly to 0 whcn the

organic matter content was 774/c.

I and.l are dimenstonlcss factors that adjust the

soil loss estimate for effects of length, steepness.

and shape of the field slope. The I ' ,5 value at the

study site was 0.55, using the equation described

by Wischmeier and Smith (1965).
The C factor is evaluated for each diff'crent

cropping scquence. Values for C were 0.003 fbr
continuous grasses. 0. l6 ior continuous cropping
and 0.24 tbr a crop-summer-fallow rotation (Wis-

chmeier and Smith 1961).
The P factor considers the preventive measurcs

used to control erosion compared to crosion losses

from a bare fallowed field. Values lbrP, estimated
fiom data presented by Smith and Wischmeier
( | 962), were 0.3 ftrr the continuous cropping con-

ditions and 0.75 fbr the cropsummer-fallow rota-
tron.

Soil loss, A. is expressed in tons of soil per acre

per year. Organic C loss (tons C ' acre' ' yr')
was calculated by multiplying the predicted soil
organic C content (Vo) by the quantity of eroded

soil.

RESULTS
Organic Matter Levels
Frr,Lp para. Comparisons of the amount of
soil organic matter present in native prairie
grasslands with that in corresponding culti-
vated fields have generally involved measur-
ing the changes in concentration (7o) of
organic C and N in samples obtained from an

arbitrary depth (Doughty et al. 1954; Newton
et al. 1945). However, cultivation increases

the bulk density of the surface soil which
affects this comparison. Cultivation in-
creased the bulk density of the surface soil at

the three slope positionsby 167o. from 1.03
(Table 1) to 1.19 g'cm' (Table 2). lf the

native prairie and cultivated sites were sam-
pled to the same depth, the samples fiom the
cultivated site may contain more soil. Also.
the surface soil could have been mixed with
soil from depth during cultivation. These

factors could lower the concentration of the
organic C and N in a surface soil sample from
a cultivated field. However, these sampling

Roots

Crop
Fallow

Crop-crop-fallow rotation
Crop
Crop
Fallow

1520 856
1s2 86

1520 856

t234 690

138 11

tExtrapolated fiom Matador (I.B.P.) data.

i:Adapted from Halstead (1978).

Table 4. Distribution of the annual input of C within the
r"ilpffi

Native prairiei Cultivated soilsi

Depth
( cm,

Root- Litter-
CC

Root- Crop
C residue-C

7c

(Fl)
I 5-40
40-80

62
l8
20

80
20

0

50
LO
.A

80
20

U

iAdapted from Coupland and Brayshaw (1953).

{Campbell et al. (1977).

the surface horizon of the cultivated field was

predicted by incorporating the universal soil loss

equation (Wischmeier and Smith l96l) into the

model. This equation groups six major crosion
factors to estimate average annual soil loss. The
equation is:

A:R'K'L'S'C P

where A is the average soil loss fiom a field with
defined soil physical and chemical properlies,
length and degree of slope. cropping management
plan and erosion conservation practices.

The R factor is a measure of the erosive forces of
rainfall and runoff over a season. An R factor equal
to 35 (the R factor was determined by G. Kachan-
oski, Department of Soil Science, University of
Saskatchewan, Saskatoon, Sask.) was determincd
from 2 yr of rainfall data for this study site. Runoff
from snowmelt was not included in this evaluation.

The K factor is highly correlated to soil particle
size distribution, organic matter content, structure
and permeability (Wischmeier et al. 197 I ). Values
for K were determined assumins that the Ap
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errors were avoided bv sampline the com-
plete profile.

The amount of organic C in the soil peclon
ofthe narive prairie sire ranged irom l2b 000
kg'ha-' at the upper-slope position to
162 000 kg ' ha ' at the lower-slope position
(Table 1). In the cultivated site the amounr
ranged from 58 to 64Vo of that in the native
prairie site (Tables I and 2). The oreanic N
level ranged lrom l0 i00 ro 14 000 kg . ha I

fbr the native prairie site and decreased to
65-69Vo of these levels in the cultivated site.
At the mid-slope position the amount of
organic C in the pedon decreased by 367c.
fiom 152 000 to 96 000 kg .har. clue ro
cultivation; the organic N Ievel decreased bv
30? . This is a much lower rate of loss ol
organic natter than previouslv reporled
(Campbell er al. 1976).

The Ah horizon at the mid-slope position

tsoo E
J
c
o

rooo-6c
,q)

(1)

500 5
.9
o

lost 587o of its organic C and 50Vo of its N in
70 yr of cultivation (Tables I and 2). The
decrease fiom the Ah horizon accounted fbr
>90Vc of the total losses of organic C andN
from the soil profile. Loss of organic matter at
the upper-slope position was greater than at
the lower-slope position which indicated that
soil erosion had a marked affect on the loss of
organic matter fiom hillslopes.

Srnrur-erroN TRTALS. The simulation of
Organic C dynamics in the native prairie
showed that the organic C content of the
pedon approached an equilibrium level simi-
lar to that determined experimentally. During
simulation. the sizes of the subfiactions of the
decomposable soil organic matter changed
from the initial equal levels to 90clo protected
and 10a/c non-protected. The predicted equi-
librium levels of orqanic matter under native

Fig 1. Soil temperaturc and moisture tension in the surface l5 cm of a cultivated Oxbow soil

o.3 0.4 0.5 0.6

Time (yeor)

Ge
o
(u6
L
J
Ec
(l)

9z
Eg
o2a-

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.

 



VORoNI-Y ET AT-. ORCiANIC C I)YNAMICS IN GRASSLAND SOIL 2t'7

prairie conditions were used as initial values
for the simulation of organic matter dynamics
during cultivation (Table 5).

fhe model accurately predicted the organic
C level in the soil pedon after 70 yr of cultiva-
tion (Fig. 2 and Table 6) . The main diff'erence
between the experimentally determined and
the predicted level was that the model over-
estimated the loss of organic C in the second
and third layers. One explanation might be
that the assumed decrease in the proportion of
microbial products entering the protected
subfraction, i.e., from 0.5 in the native
prairie to 0.4 in the cultivated soil, for the 15-

to 40-cm layer (Van Veen and Paul 198 l) was
not appropriate for a Black soil.

The model predicted that the soil organic
matter should approach a steady state at
approximately 607o of its original level after
about 100 yr of cultivation (Fig. 3). The dif-
ferent cereal rotations considered in this study
did not significantly alter the steady-state
organic C level is organic matter turnover
alone was considered.

Microbial Biomass Levels
Frr,lo oara. The level of soil microbial
biomass reflects the rate of addition of plant
residue to soil (Jenkinson and Powlson
1976). Microbial biomass was higher in: the
native prairie soil compared to the cultivated
soil; the surface horizon compared to the B

horizon; and the lower-slope soil compared to
the upper-slope soil.

The Ah horizon at the mid-slope position
of the native prairie site had a microbial
biomass of 1412 kg C and 3ll kg N ' hal
(Table 7). The level of microbial biomass in
the Ap horizon (mid-slope) of the cultivated
site was 25-407c lower. The microbial
biomass constituted an average of 2.5Vo of the
soil organic C and 4.97o of the organic N and

there was a tendency for this proportion to
increase down the slope. Cropping increased
the proporlion of soil C and N constituted by
biomass in the A horizon but decreased the
proporlion in the B horizon.

SrvulerroN TRIALS. The model was cap-
able of assessing such physiological aspects

as microbial growth, efficiency of C utiliza-
tion for biosynthesis, and microbial decay.
The measurements of microbial biomass in
the native prairie and cultivated sites were
used to validate this aspect of the model. The
model oredicted a microbial biomass of 1350

kg C ' ha t in the native prairie (Fig. 3). This
value fluctuated by 100 kg C ' ha ' due to
seasonal variations in C input and climate.

The model predicted an immediate rise in
microbial biomass C upon cultivation of the
native prairie in response to the Iarge initial
input of grassland litter and rools. Subse-
quently, the biomass decreased to about 1025

Table 5. The initial organic C levelsf for the various tiactions of organic matter at the stafi of simulation of
cultivation and their decomposition rate constants

Organic matter tevel (kg C ' ha ')

Depth (cm) Decomposition
rate constant

(dayr)0-15 r 5-40

Litter
Roots
Microbial lriomass
DecomposiLble OM

Protectetl
Non-pro ected

Recalcitrant OM
Protecterl
Non-pro ected

I 000
6 800
1 350

36 000
4 000

22000
22000

300
3 000
r 020

14400
I 600

9 000
9 000

300t)
500

7200
800

5000
5000

8x102
8x102
3x102

8x104
8x102

8xl0E
8x106

1-These are the model outputs at steady state from simulation of native prairie conditions.
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too.ooo

80,OOO

I
o
-c
;60,000
J
()
E 40,ooo
,o

20.ooo
nof ive grosslond 40- 80 cm

culrivored 4O- 80 cm

400

Yeors of Cultivotion

Fig. 2. Model output of the effect of cultivation (crop-crop-fallow rotation) on the level of organic C in
the pedon of an Oxbow soil.

notive grosslond O- l5 cm

cultivoted O- l5 cm

Table 6. Comparison of experimental data with pre-
dicted levels of organic C after simulation of 70 yr of

cultivation of an Oxbow soil

Decrease in organic C

kg'hal
Depth
(cm) Experimental Model Exoerimental Model

nolive grosslond l5 -40 cm

in the simulation study. However, simulation
studies showed that erosion had a drastic
effect on organic C levels especially after
5G80 yr of cultivation, resulting in a con-
tinual decline of organic matter content (Fig.
5). Present day rainfall-induced soil erosion
Iosses from the cultivated site were estimated
to be 1.7 tons'htr'ya' by the universal
soil loss equation. (This estimate which was
converted from the original tons per acre does
not include losses due to snowmelt. Carolyn
Hubbard, Department of Soil Science, Univ.
of Saskatchewan, estimated total average soil
losses of 2.3 tons'har 'yrr on the same
site from data utilizing cesium counting tech-
niques.)

Due to its higher concentration in the
surface soil and its low density, organic mat-
ter is among the first constituents removed by
erosion (Lucas et al. 1911). Allison (1913)
reported that the eroded material was about
five times richer in organic matter than the
residual soil. Doubling the organic C content
of eroded sediments resulted in a much faster

300

0-l 5

I 5-40
40-80

54 000 51 500
8200 11000
4 000 4 900

51 55
22 29
zo 22

kg C ' ha' after 70 yr of cultivation, a de-
crease of 24Va compared to the native prairie.
Annual fluctuations in microbial biomass
occurred under cultivated conditions: howev-
er, the predicted average level of microbial
biomass under crop-summer-fallow and con-
tinuous cropping was similar.

Soil Erosion
The various cropping rotations tested did not
greatly affect organic C levels when rainfall-
induced soil erosion effects were not included

o
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rate of organic C depletion (Fig. 5). Also,
simulation showed that the rate of depletion
of soil organic C can be drastically reduced by
continuous cropping and by returning crop
residues causing reduction in soil erosion
(Fig. 5).

DISCUSSION
The rate of loss of organic C and N fiom
native prairie soils has been shown to be most
rapid during the first 5-10 yr after breaking
and more gradual afterwards (Caldwell et al.
1939; Martel and Paul 1974). This initial de-
cline could be partly due to the decomposition
of grassland litter and roots. An equilibrium
level of soil organic C, proportional to the
amount of residue C returned to the soil. will
eventually be established (Sauerbeck and
Gonzalez 1977). Lucas et al. (1911) pre-
dicted that equilibrium soil C levels will be
reached 8G100 yr after changing a crop rota-
tion or soil management practice.

continuous cropping, erosion not included

3 yeor rototion (Crop- Crop- Follow) with strow
removol during firsf 50 yeors of cultivo?ion
3 yeor rolofion (Crop- Crop- Follow) with regulor
odditions of strorv residues
2 yeor rotolion (Crop residues returned)

The exoerimental data indicated that 4000
kg N 'hi-r were released during 70 yr of
cultivation. This model was not designed to
estimate accurately the rate of release of
mineral N. Therefore, the annual production
of mineral N was calculated from the decline
of soil organic C content assuming fixed C:N
ratios for soil organic matter (10:l), microb-
ial biomass (8: I ), plant roots (50:l ) and straw
(60:l). During the initial years after cultiva-
tion, the amount of nitrogen released would
greatly exceed the requirements <l1'a growing
crop (Table 8). However, at present the rate

of net mineralization would be insufflcient to
meet the requirements of a cereal crop (-60
kg N ' ha ' ' yr ') on Black soils of Saskatch-
ewan.

Nitrogen is removed from soil in the form
of plant residue and harvested grain. lt was

estimated, based on data reported by Halstead
(1978), that 70 yr of cereal cropping to a

crop-crop-f'allow rotation would have yielded

tH

H

r4

(tl
c.E
'o 60
E
o,
E.

o+o
bQ

Fig. 3 . Effect of various cereal rotations on the organic C remaining in the surface I 5 cm as predicted by

the organic matter model.

Yeors of cultivotion
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Yeors of Cultivotion

Fig. 4. Model output for the level of microbial biomass C in the native prairie and the cultivated soil

1300 kg N ' ha-r ofgrain and 300 kg N ' ha-'
of straw residues. Grain N, therefore, would
account for 33Vc of the N lost during cultiva-
tion. Removal of straw residues by burning,
which results in a loss of 21-737c of its N
(Biederbeck et al. 1980), or its use for other
purposes would directly account for only
3-l .5Vo of the depleted soil N. Movement
with soil water, leaching below the rooting
zone (Henry 1975; Meneley 1976) and deni-
trification (Chatarpaul et al. 1980;Cho et al.
1975) are probably responsible for the major-
ity of the N lost after mineralization.

Snowmelt runoff accounts for 857o of the
total runoff from agricultural watersheds in
Western Canada (Nicholaichuk 1967).
Snowmelt losses of soil sediments from hill-
slopes on Wood Mountain loam in the Brown
soil zone in southwest Saskatchewan were
I 12 ke ' ha I ' vr I on stubble fields and 433

kg ' ha t ' yr ' on bare fields (Nicholaichuk
and Read 1978). The runoff also contained
0.5 kg N ' ha-r ' yrr soluble N on stubble
fields and 2.8 kg N'ha t ' tt-t on the bare

fallowed fields. Losses of soluble nutrients
are not predicted by the universal soil loss

equation but would be an important compo-
nent in the description of organic matter de-

pletion in soils by water erosion (Barows and

Kilmer 1963).
The simulation studies have shown that

continuous cropping and returning plant res-

idues to soil, helps to maintain soil quality by
reducing soil erosion. This is in agreement
with recent repofis of field observations of
straw effects (Campbell etal. 1976). Burning
has no significant effects on yields (Dormaar
etal. I919;Biederbeck et al. 1980), although
yields tended to be greater when the straw
was not burned (Dormaar et al. 1979). The
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CROP-CROP-FALLOW

-erosion protection foctor= 0.75
-strow removed in f irst 50 yeors

No erosion

Erosion eQuofion

Erosion

13'on, orsonic

CONTINUOUSLY CROPPED

- erosion protection foctor = 0.30
- strow residues retoined

No ero3ion

Frosion_ equotion

.I19,o.coni. cqrbon r z

Fig. 5. Effect of rainfall-induced soil erosion, calculated by the universal soil loss equation, on the

orsanic C remainins in the surface 15 cm of a cultivated Oxbow soil.
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Table 7. Microbial biomass C and N in incubated Oxbow soili obtained from a native prairie and a cultivated field

Microbial biomassf

Kg'na Percent of soil organic matter

Upper-slope Ah
Upper-slope Bm
Mid-slope Ah
Mid-slope Bm
Lower-slope Ah/Ahe
Lower-slope Bt

Upper-slope Ap
Upper-slope Bmk
Mid-slope Ap
Mid-slope Bm
Lower-slope Ap/Ahe

Lower-slope Bt

Natit'e prairie
t49
71

3l I

220
605
292

Cultivated
lll
65

195

135

360
t57

761
383

1412
t214
2829
I 504

624
416

1122
121

2240
9t7

t.2
1.3

1.6
3.2
L.O

4.1

2.1
1.4
2.8
1t

-). -l

3.2

3l
2,.)

+. -)

6.0
6.9
7.9

2.2

4.9
5.6
6.0

rSoil was passed through a 20-mesh sieve in a moist state and incubated at 22"C for 3 mo befbre biomass u,as
measured.
iMicrobial biomass was measured by the chlorofbrm fumigation-incubation technique (K" : 0.41I and K, - 6-231
(Paul and Voroney 1980).

beneficial physical effects of soil organic
matter on crop yields as compared with the
nutrients released from the mineralization of
soil organic matter is an important feedback
mechanism in organic matter turnover (Lucas
et al. 1911) . Lower soil organic matter levels
usually result in lower crop yields, therefore

Table 8. Predicted annual rate ofN mineralization in an
Oxbow soili durins cultivationl-

Mineral N
Period
(years of
cultivation)

Depth (cm)

Total

in lower organic matter inputs. The long-term
decrease in organic matter could be larger
than predicted in this study which considered
a constant level of crop residue input.

The systems analysis approach helps to
integrate the fragmentary knowledge of the

components of soil organic matter and to de-

velop a better understanding of the behavior
of the soil system as a whole (Hillel 1977).

Simulation modelling allowed testing of
different input conditions, such as the rate of
plant residue input and soil erosion, and

studying their effects on the equilibrium level
of soil organic matter. These investigations of
organic matter dynamics indicate that soil
erosion drastically influences the rate of
organic matter depletion. However, fufiher
research is necessary to substantiate these

predictions.

ALLISON. F. E. 1973. Soil organic matter and its
role in crop production. Developments in soil sci-
ence. 3. Elscvicr, Amsterdam. 637 pp.
BAIER, W., CHAPUT. D., RUSSELO, D. and
SHARP. R. 1972. Soil moisture c\timator pro-
gram system. Tech. Bull. No. 78. Agrometeorol-
ogy Section, Agriculturc Canada, Ottawa, Ont.

0-15 15-40 40 80

0-20
2c_40
40-60
60-80
80-100

Contribution (7c)

_ ko

106 30
47 ll
t1 9

-t+
23

lt 2l

N.ha'_
1 143
553
421
29
27
d

-iThe annual net rate of N mineralization was calculated
from the decline of soil organic C assuming fixed C:N
ratios for soil organic matter. microbial biomass. plant
roots. and straw. Therefore, this estimare would not
include mineralization fiom crop residues and labilc
microbial metabolites.
iCrop-crop-fallow rotation with no straw residue input
during the first 50 yr of cultivation.
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