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Mature, uniformly labelled ('c,'nN), chopped, wheat straw incorporated in the
plow layer of a Brown chernozemic soil and a Gray wooded soil was allowed to
decompose in the field. Labelled grass material ('tc) was added to the surface
of an adjacent virgin Brown chernozemic soil. After 4 yr of normal cropping
practices, one-fifth of the c of added straw remained in the Brown soil a.rd one-
sixth in the Gray Wooded. The initial decomposition rate of straw was retarded
in plots under wheat as compared with those under fallow. Decomposition of
labelled grass was initially dependent on sufficient rainfall to compress it to the
soil surface. When winter periods are excluded from the time scali, the halflife
of resistant straw components or soil organic matter derived from the straw was
equivalent to 24 mo in Gray Wooded soil and 48 mo in Brown soil. Resistant grass
material decomposed more slowly with a half-life of 96 growing mo. Distribution
of labelled C among the various fractions of soil organic matter after difierent
periods of time was investigated. The rapid decline of labelled straw from the
fraction that floated in water, the high specific activity of fulvic acid, coupled
with fluctuations in humic acid and the fraction <a.04 p suggested a higher degree
of biological activity in the Gray wooded soil. In the Brown soil, the major trans-
fer of labelled C was from the floated fraction to the humin ()0.2 p) suggesting
that the rate of decomposition was controlled to a greater extent by abiotic factors.

on a laiss6 se d6composer au champ de la paille de b16 m0re, hach6e, uniform6-
ment marqu6e ("C, '"N) et incorpor6e ir la couche de labour d,un sol chernoz6-
mique brun et d'un so1 gris bois6. Des gramin6es marqu6es ("c) ont 6t6 6pandues
i la surface d'un sol chernoz6miclue brun, vierge, adjacent. Aprds 4 ans de culture
normale, on a retrouv6 le cinquidme du c de la paille ajout6e dans 1e sol brun,
et le sixidme dans 1e sol gris. Le taux initial de d6composition de 1a paille a 6t6
plus faible dans les parcelles emblav6es que dans les parcelles en jachdre. La d6-
composition des gramin6es marqu6es 6tait d'abord fonction de pr6cipitations
suffisantes pour les presser d la surface du sol. Si l'on exclut les saisons d'hiver
de l'6che11e de temps, la p6riode de demi-d6composition des composants r6sistants
de la paille ou de la matidre organique du sol provenant de la paille 6quivalait
d 24 mois dans le sol gris bois6 et i 48 mois dans le sol brun. Les composanrs
r'6sistants des gramin6es se sont d6compos6s plus lentement, leur p6riode de demi-
ddcomposition 6tant de 96 mois utiles. on a 6tudi6 i diff6rentes p6riodes la
distribution du C marqu6 entre les diverses fractions de la matidre organique du
sol. La d6composition rapide de la paiile marqu6e proyenant de la fiaction
baignant dans l'eau, 1'activit6 sp6cifique 6lev6e de I'acide fulvique, les fluctuations
de celle de l'acide humique et la fraction (0.04 p semblent indiquer un degr6
61ev6 d'activit6 biologique dans le sol gris bois6. Dans le sol brun, la principale
migration de c marqu6 s'est faite de la fraction baign6e dans I'eau d- i'humine()0.2 p), ce qui pourrait indiquer que le taux de d6composition 6tait r6gularis6
dans une plus grande rnesure par des facteurs abiotiques.

lPresent address: Soil Research Institute, Central Experimental Farm, Ottawa, Ontario KIA 0C6.
Cm. J. Soil Sci. 53: 297-306 (Aug. 1973)
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INTRODUCTION

The amount and type of organic matter in a
soil trnder cultivated conditions is dependent
on both the natural soil-forming factors and
cultural practices. Although soil organic
matter reflects the environmental factors
controlling the accumuiation and turnover
of plant and animal residues, the dynamics
of the active portions such as the microbial
residues, and those of the more resistant
humic constituents are known to control the
release of nitrogen, and to a large extent
that of sulfur and phosphorus. Organic
residues returned to the soil from cereal
crops are estimated to range from 2,000 to
5,000 kg/ ha annually. A portion of this
material is rapidly attacked, but the turn-
over of the remainder is measured in years.

A knowledge of the rates of decon.rposition
of the various organic components ls essen-

tial to an understanding of the agronomic
factors associated with the incorporation of
plant residues and to a knowledge of the
dynamics of soil organic matter under both
cultivated and native conditions in the field.

Production of plant material uniformly
labelled with "C has made it possible to
determine the relative turnover of C within
the soil system. Labelled plant materials
added under field conditions (Jenkinson

1965; Oberlander and Roth 1968) were
generally cut while green, were dried,
ground, and incubated in soil kept free of
vegetation. Mature cereal straw was added

by Ftihr and Sauerbeck (1968) who studied
thc eflects of diflerent cropping rolations.
A summary of "C investigations (Jenkinson

197 l) indicated that the proportion of
added carbon retained by the soil was simi-
lar despite differences in plant materials and

in climatic conditions of soils. About one-

third of the added material remained after
1 yr, decreasing to about one-fifth after
5 yr.

Fractionation of soil organic matter after
the addition of a number of labelled sub-
strates, varying from glucose through crop
residues to microbial bodies, has indicated
a rapid distribution of the label after very
short periods of incubation. This protrably
can be attributed to inadequate fractiona-
tion techniques to separate the young from

the resistant materials, rather than to the
rapid turnover rate of the organic fractions
(Jansson and Persson 1968; Sauerbeck and
Ftihr 1968).

Uniformly labelled wheat straw is parti-
cularly useful in measuring the turnover of
crop residues under conditions such as those

of cultivated arid grasslands where the straw
is required on the surface to maintain a

stable soil structure and erosion resistance.
The first objective of this study was to com-
pare the decomposition rate of mature
wheat straw in two cultivated soils in dif-
ferent climatic zones. The second was to
study litter decomposition under natural
conditions where plant material accumulates
on the surface of the soil. The third objec-
tive was to determine the distribution of
labelled C throughout various fractions of
soil organic matter as decomposition pro-
gressed.

MATERIALS AND METHODS
The sites used for this study occurred within
the Brown and Gray Wooded soil zones of
Saskatchewan (Mitchell et al. 1944). The cul-
tivated and virgin sites in the Brown soil zone
were 3 km apart on the Matador IBP Project
site southeast of Kyle. These Brown Cherno-
zemic soils developed under medium grass
prairie vegetation (Stipa comata, Koelerie cris-
tata, Agropyron dasytachyum) on fine-textured
lacustrine parent materials and are subsequently
referred to as Sceptre soils. In the plow layer
(0-12 cm), organic Cwas 2.14/o; inorganic C,
0.11%; total N, 0.24%; total clay, 49vo; and
the pH 7.2. The cultivated site in the Gray
Wooded soil zone was located northeast of
Kelvington. These Waitville soils developed un-
der boreal forest (Populus tremuloides, Picea
glarrca) on medium-textured glacial till. The
organic C in the plow layer (0-12 cm) was
2.37%; total N, 0.l9To; total clay, 227o; and
the pH 6.8. There was no inorganic C in the
plow layer of Waitville soil.

Production of Uniformly Labelled Plant
Matcrial
Wheat seedlings, fertilized with K'"NO,' were
grown to maturity (90 days) in an atmosphere
enriched with "CO" within a growth chamber
consisting of a clear Plexiglas canopy (75 cm
diam X 85 cm high) sealed with rubber cement

to a metal base (20 cm high)' The base con-
taining the soil in which the seedlings were
growing was connected to a gas circulation sys-
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tem for uniformly labelling the plant tissue.
f'he mature plant material contained 1.88% N
and 38.25a/oC with a specific activity of 80
pcig C.

The labelled grass (34.4o/o C, 16 pc/S C)
was produced in the same growth chamber. The
surface layer (15 cm) of virgin grassland soil
from the Sceptre site was ciipped free of vege-
tation and placed in the metal base of the
growth unit. The canopy was sealed and the
grass grown for 100 days in an atmospher-e
enriched with ''CO" as described above.

Addition of Labelled Plant Material to Soil
On the cultivated sites, four open galvanized
cylinders (30 cm diam X 25 cm long) were
driven into the soil to a depth of 20 cm in July
1968. The plow layers (Ap horizon) removed
from each of these small plots were mixed to-
gether, sieved, subsampled, and the moist soil
mixed with mature labelled wheat straw (16.35
g) chopped into 2.5-cm lerrgths. Equal amounts
of the soil-straw mixture (9,890 g) were then
returned to each plot. Differences in moisture
content of the two soils resuited in a small
difference in the amount of straw C added
when expressed on a dry weight basis.

The plots and surrounding field were fal-
lowed during the first summer period and
seeded to wheat during the next three growing
seasons. Samples were taken immediately be-
fore seeding and after harvest. When sampled,
the soil within the plow layer (0-12 cm) of
each plot was removed, mixed, subsampled for
analysis, and returned. A similar field technique
was used to establish new field plots on the
Sceptre soil in l\lay l97l . Two oi rhese plots
were seeded to wheat and two plots were kept
free of vegetation during the growing season.

On the virgin site, open galvanized cylinders
(15 cm diam y 15 cm long) were driven into
the soil to a depth of 12 cm and the standing
plant material was clipped and removed from
each cylinder. Grass material (3.5 g), uni-
formly labelled with ''C, was distributed on the
soil surface within the cylinder in May 1969.
A nylon screen was piaced over each cylinder
to prevent removal of the plant material by
the wind and was removed 1 mo later. Repli-
cates were removed at different periods through-
out the growing season and brought into the
laboratory for analysis. The upper 3-cm layer
of the cylinder core was separated from the
lower (3-10-cm) layer. Boih portions were
dried, weighed, ground by mortar and pestle
to pass a 1O-mesh sieve, ancl stored for analysis.
New plots were established on the virein site
in May 1970.

The plant residue present in the upper 3-cm
layer was separated from the soil by passing
these materials through successively finer sieves
and by removing plant material by the follow-
ing electrostatic technique. A small portion
of the l0-mesh material was added to a 20-
mesh sieve that was agitated briefly until plant
material accumulated on top of the soil remain-
ing in the sieve. An electrostatically charged
"nalgene" bottle was passed over the contents
of the sieve and plant material collected on
the surface of the bottle was removed onto a
collecting area. The agitation and electrostalic
collection were repeated until all visible plant
material in the added portion was rembved
fiom the sieve. The remaining soil was ground
to pass the sieve, then another portion of 10-
mesh soil ues addecl and the a-boue r.quence
lepeated until all the l0-mesh soil was passed
throrrgh the 20-mesh sieve. A smrll amoLnt of
20-mesh soil was aclded to a 30-mesh sieve and
treated in a similar manner until the plant ma-
lelial wrs collected and rhe soil was gr.ound to
pass the sieve. This proceclure was also re-
peated with a 4O-mesh sieve. The weiehts of
the soil and rhc colleclecl plant mareri;l uere
r-ecor-ded ancl the soil was subsampled for
analysis. The plant material was finely ground.

Fractionation of Soil Organic Matter
The soil sample s from four replicates were
bulked, subsampled, and fractionated accor.clins
to the procedure derelopcd by Anderson (1972)
with modificurions described by McCill (1972t.
Soil t l0 8) u as srirred for 2 h u irh 0.01 N
sulfuric acid (200 ml) to remove carbonates,
then allowed to stand while the floating debris
was removed b1' suction. On three successive
occasions, the soil residue was stirred for 20 h
(under N") with 200 ml of 0.1 M sodium pyro_
phosphate. The combined acid and pyrophos-
phate extracts were further fractionated bv the
rddition of 2 N sulfuric rcid unril pH 1.7 wns
reached. The precipitlle. remo\ed by centri-
fugation, was dissolved by acljustment to pH
8.5 in 0.5 N NaOH. rcprecipirrred (tH 1.7),
and dissolved again at pH 8.5; this fraction was
termed humic acid (HA). The decantates from
the humic acid precipitation were combinecl to
give a fraction termed fulvic acid (FA).

The soil residue from the above extraction
was mixed vigorously with 200 ml distilled
water, sonicated for 10 min at the maximum
power (125 W) of a Biosonik II, and the sus-
pension allowed to stand for 48 h before cen-
trifugation (1,000 X g for 30 min). The resi-
due after sonication contained particles greater
than 0.2p in diam. The material in the de-
cantate was further separated according to par-
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ticle size by centrifugation (12,000 >< g for
60 min). Material containing particles from 0.2
to 0.04 p diam was termed fine clay. The dis-
solved and suspended material remained in the
(0.04 p fraction.

Carbon Determinations
Total C in plant material and soil was deter-
mined by wet combustion in vacuo by a modi-
fication of the method described by Thorn and
Shu (1951). The reagents were potassium di-
chromate and a combustion mixture consisting
of 600 ml concentrated sulfuric acid and 400

ml phosphoric acid (Shaw 1959). Inorganic C
was determined by the above procedure except
the reaction mixtule consisted of 2 N sulfuric
acid. Total and inorganic C were determined in
triplicate unless indicated otherwise'

Radioactivity Dcteminations
One ml of the 0.2 N NaOH solution used for
the absorption of carbon dioxide was trans-
ferred to 20 m1 low activity, glass scintillation
vials. Addition of 10 ml of toluene-Triton-
X-100 scintillant (Turner 1968) yielded a clear
homogeneous fluid that was counted in a Picker
Nuclear scintillation counted at a counting effi-
clencv or //-/o.

RESULTS

Decomposition of Labelled Plant
Materials
The amount of la;belled C retained by
amended field soil from July 1968 to Sep-

tember 1971 is given in Table 1. There were
relatively large sampling variations among

Date Treatment Total

OF SOIL SCIENCE

replicates of the Sceptre soil during the

early stages of decomposition while large
portions of undecomposed straw were pre-

sent. These variations decreased during the
later sampling periods. Standard deviations
among the Waitville replicates were gen-

erally less than 1.1 mg C/ 100 g soil. The C
content of the bulked sample (data not
shown) from the four replicates sampled on
each date occurred within one standard de-

viation of the average.
A small amount of labelled inorganic C

occurred in the Sceptre soil (data not shown)
as indicated by the difference between total
and organic labelled C (Table 1). This
amount (0.47o) is insignificant compared
with that reported by Sorensen and Paul
(1971\ who observed Ihat 2OVo of the
labelled CO, evolved were present as car-
bonates when virgin Sceptre soil was amend-
ed with radioactive acetate under laboratory
conditions. The Waitville soil contained no
labelled inorganic C, thus total C and or-
ganic C are regarded as synonymous.

The labelled straw C added in 1968 (Table

1) was more slowly degraded in the Sceptre
soil than in the Waitville. This difference
was particularly apparent during the second

season (1969) when the amount of labelled
C remained unchanged in the Sceptre soil
compared with a relatively large decrease in
the Waitville soil. Very little decay occurred
in either soil during the fourth season. The

Table 1. Recovery of labelled wheat straw carbon incorporated into the plow layer of field soils

Sceptre soil
(mg C/100 g soil)

Organic
Waitville soil

(mg C/100 g soil)

7-68
5-69
9-69
J-/U
9-70
5-7 |
9-7r

J-/ r

9-7 1

Fallow
Wheat
Wheat
Wheat
Wheat
Wheat

Fallow
Wheat

20.5
17 .2
16.0

Addetl 7 5. 6 mg C / 100 g soil,

3.3.4+3. 8t 33. I
34.1+3.6 33.8
22.3+l .0 22.1
20. 7+0. 5

17.4+0.5
16.2+0.5

72.0 mg C/100 g

26 . 1+1 .l
18.9+0.8
17.3+0.9
13 . 7+0. 3

11.4+0.3
11.1+0. 1

Added. 100.7 mg C/100 g soil,

42 .8+2 .01 42 .5
53. 1+5.4 52.8

tMean and standard deviation of four replicates.
tMean and standard deviation of two replicates'
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results for straw added to the Sceptre field
soil in May l97l and incubated throuehout
the growing season jndicate that plots -sown

to wheat retained one-fifth more labelled C
than those under fallow (Table 1).

The decomposition curves of straw
added to field soil and for grass added to
virgin soil followed an exponential pattern
indicating the rapid initial loss of easily de-
gradable plant components was followed by
a much slower release of the more resistani
components (Fig. 1 and 2). The difference
in decomposition rates between the two cul-
tivated soils was most pronounced after the
second sampling date when 44 and 26% of
the added straw C remained in the Sceptre
axd Waitville soils, respectively. Except for
the last sampling date, the slope of theiurve
for the Waitville soil corresponded to that
of a line representing a half-life of 12 mo.
The decrease in slope between the last two

An\^'r-A \\\ tr\\
1t7r=6 Mo \

--- ----_:\^ \o
_\A_=\A_A___A

t/2=48 Mo

4z^
<5t<
d rt,

eo
oOrJo-o

Er

z
F-

=
o
e
d

TIME IN MONIHS {DEI,ETING FREEZE PERIODS)

Fig. 1. Decomposition of labelled wheat straw
added to field soils.

JJA
1971

T|ME tN MONTHS (DETET|NG FREEZE PER|ODS)

Fig. 2. Decomposition of labelled grass added
to the surface of virgin Sceptre soil.

sampling dates is significant and suggests
that the straw C is approaching equilibrium
with soil organic matter. In the Sceptre soil,
decomposition was greatly retarded in the
1969 growing season. However, the rate of
decomposition in l97O and I97l corre-
sponded to a half-life of 24 mo. Because the
winter period (November-March) when the
soil was frozen was deleted frorn the time
scale, this is equivalent to four growing
seasons. Extrapolation of the straight line
portion of the curve back to zero time may
be used to provide information on the bio-
logical stability of the added straw. The
common Y-intercept of the curves from
both field soils indicated that the proportion
of biologically resistant straw components
present aI" zero time was similar (46-48%).
This similarity is to be expected as the straw
added to both soils was from the same
source.

Precipitation data (Fig. 1) indicared that
the maximum monthly rainfall occurred
during July and June at the Waitville and
Sceptre sites, respectively. The Waitville site
is characterized by higher seasonal precipi-
tation coupled with lower temperature and
evapotranspiration resulting in a lower an-
nual water deficit than that for the semiarid
Sceptre site (Chapman and Brown 1966).

Data for the amount of labelled C re-
covered from grass added to virgin Sceptre
soil (Table 2) were extremely variible
among replicates on the first three sampling
dates; one-quarter to threequarters of the
tabelled material occurred in the soil taken
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Table 2. percent labelled C recovered from grass added to the surface of virgin Sceptre soil

-

plalt material Soil

Date
No.

replicates (0-3 cm depth)
Plant rnaterial

* soil

6-69
8-69

10-69
o-/u

1 0-70
J-/ I

9-7r

6-70
10-70

3
4
A

+
n

3

3

Added 5-69

66.1+16.91
41 .3+ 15. 5
11 .2+.2.5
41.9+ 4.0
J/.lt o.J
39.2+ 5.9
37.9+ 1.0

Added 5-70

70. 5

46.0

2+.7 +18.r
45. 7+ 10.3
44.5+ 4.9
9.6+ 1.9
9.7+ r.0

7 .7J: 1.9

8.7
10. 8

90.8+ 5"9
87.0+10.1

51.5+ 2.5
16.8+.6.7
47.0+ 4.8
+5.7+ 2.3

79.2
56. 8

tMean and standard deviation, reslrectircly'

from the 0-3-cm depth. The high variation
and anomalous distribution of the labelled

C were attributecl to the initial method used

for the separation of plant materiai from
those samples. This consiste d of grinding

the top 3-cm layer to pass a l0-mesh sieve

and separating the coarse plant material by

sieving. The subsequont application of t!9
electrostatic technique in 1970 and 1971

reduced the variation among replicates and

the amount of labelled C recovered in the

soil. Approximately one-quarter of the resi-

dual libelled C was inseparable from the

soil, suggesting that it was humified' No
labelled C was detected (data not shown)

in the 3-10-cm depth of any replicate'

Very little loss of the added grass C oc-

curred during May, June, and July 1969

(Fig. 2), which coincided with a period of
relaiively low rainfall' However, rapid de-

composiiion in autumn resulted in a half-
life bf 6 mo for added C during the flrst
season. Thereafter, the rate of loss occurred
slowly with a halflife of approximately 48

mo of growing season or about 8 yr under
natural fleld conditions' Although decom'
position of grass added in May 1970 was

uniform throughout the season, the amount
of grass C remaining at the end of the
season was the same as in 1969 when the
decomposition rate was not uniform.

Carbon Recovered from Various
Fractions of Soil Organic Matter
Although the Sceptre clay soil retained more

labelled C throughout the incubation period,
its distribution among the different soil

fractions was not markedly different from
that in the Waitviile loam soil (Table 3).
Except for the second sample (September

19691 taken from the Sceptre soils, the total
amount of C in the fractions from both soils

decreased with time' The greatest decrease

occurrecl in the floated fraction and the least

in the fine clay' During the 1969 growing
season, the decrease in the floated fraction
from the fall sample of the Sceptre soil was

accompanied by a corrcsponding increase

in the )0.2 pr residue; the other fractions
remained unchanged during that period'

The average recovery of labelled C during
fractionation for the four sampling dates

was 96.7 t 1.? and 98'1 i 1.77o in the
Sceptre and Waitville soils, respectively'

Ii4.u..r..tlt"ots of soil C in fractions from
samples taken on the different dates (Table

4) were reproducible with standard devia-

tions of lesi than 37o within each fraction'
This precision may be used as an index

of thJ variation in labelled C from a single

fractionation. Additional information on the

transformations of added straw within the

soil organic pool was obtained by expressing
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Table 3. Perce't labelled C recovered in orga.ic matter fractions of field soils

303

F-raction

Date
Fulvic Humic

Floated acid acid

Fine clay
Residue (0.2-

<0.04 p (>0.2 ir) 0.0+ p) Sum Soil

Recovery
drrrins

fraction-
ation

/od
5-69
969
5-70
9-70

7-68
5-69
9-69
5*70
9-70

15.6
18.9
13.8
L2.8

Sceptre soil - added.75.6 mg C/100 g soit
8st 3.6 2.5 7.9
6.0 3.3 2.9 8.3
3.0 2.5 2.0 6.5
2.4 2.+ 1.7 5.7

6.7 4.3
2.4 2.9
2-1 2.6
1.5 1.8

39.3 40.9 96. 1t
40.3 40.7 99.0
28.5 29.5 96.4
25.7 27.0 95.1

Waitztille soil - ad.ded 72.0 mg C/ 100 g soil,

9 5.6 15. 1
6 4.9 11.9

t.2
0.9
o.7
0.7

0.7 35.6
0.8 25.5
I.t 23.1
0.7 17.5

| +.2
7 2.8

10.0
6.5

.1.). /
25 .7
23.9
18. 1

99.6
99. 5
96. 5
96. 9

Labelled C in fraction x 100.Labelled C added to soil

SUm laDelled c ot tractions
Labelled C in soil sample

x 100.

Table 4' Soil and labelled C irr organic matter fractions as percent of the sum in all soil fractions

Fraction

Date Floated
Fulvic
acid

Humic
acid (0.04 p

Residue Fine clay
(> 0.2 tr) (0.2-0.0a p)

5-69
9-69
5-70
9-70

5-69
9-69
5-70
9-70

0.3

ZT.J
14.8
10.7
9.3

u. .)

18.8
9.2
9.0
6.1

Sceptre soil,

(soil Ct)
9.6+0.5 10.9+1.1 33.1+1.0 38.1+2.6

(labelled C)
9.1 6.4 20.2 39.7
8.2 7.2 20.7 46.9
8.8 7.0 22.8 48.4
9.3 6.7 22.2 50.0

Waitaille so,il,

(soil Ct)
9.2+0.6 17.2+.2.0 18.5+1.5 50.1*2.0

(labelled C)
12.1 8.2 15.6 43.4
11 .4 10.3 19.0 46.7
11 .+ 13.3 18.1 43.4
10.3 9.5 15.9 51.6

8.6+1.0

3.0
2.3
2.3
2.6

5. 1+1.0

2.0
3.2
4.8
4.0

tMean and standard deviation of triplicate determinations fron single fractionation of samples taken on fou! dates.
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labelled C in each fraction as a percentage

of that in all fractions (Table 4). After 2 yt
the )0.2 & residue contained about 50Vo

of the residual labelled carbon. The other
fractions of the Sceptre soil remained rela-
tively stable in contrast to the variations
observed in the humic acid, fine clay, and

10.04 1t fractions of the Waitville soil. In
both soils, the amount of labelled C in the
fulvic acid exceeded that in the humic acid
[raction. Difterences between soils were
shown by the larger proportion of labelled
C in the (0.04 p fraction from Sceptre soil
and the higher percentages of labelled humic
acid and fulvic acid extracted from Wait-
ville soil. The rate of transfer of straw C
from the floated fraction to the )0.2 p resi-

due was also different, occurring more
rapidly during the first summer in the Wait-
ville soil.

The highest specific activity in either soil

occurred in the floated fraction (Table 5)
ranging from 25 to 100 times that of the

labJlled organic matter associated with fine

clay. The residue was more heavily labelled

than fulvic acid in the fine-textured Sceptre

soil but the converse was true for the

medium-textured Waitville soil. The spe-

cific activity of the (0.04 g fraction was

nearly double that of humic acid in the

Waitville soil, whereas the specific activities
of these fractions were similar in the Sceptre

soil. Except for the fine clay, the degree of
labelling of the remaining fractions generally

decreased with time. The decrease was most

evident in the floated fraction, which de-

clined by one-half in the Sceptre soil and

two-thirds in the Waitville'

DISCUSSION
The rate of decomposition of labelled wheat

straw differed within the Sceptre and the

Waitville soils studied in this field investi-
gation. The higher moisture efficiency at the

subhumid Waitville site undoubtedly contri-
buted to the higher biological activity and

greater turnover of the straw in this soil

than in the semiarid Sceptre soil' These ob-
servations are in agreement with other in-
formation on the prop'erties of the organic
matter in these soils' Anderson (1972) ob-

served greater values for absorbance at28O p'

for the humic acid and (0.04 p fraction of
the Waitville soil as compared with the

Sceptre. These values were indicative of the

moie strongly humifled organic matter as

a consequence of more intense biological
activity associated with the moister soil en-

vironment at the Waitville site. Campbell et

aI. (1967) reported that the mean residence

time of organic matter in the cultivated
Waitville soil was 250 yr, which compares

with 525 yr for a Sceptre soil (Martel
I97D. Shields et al. (1968) showed that

Table 5. Specific activity of soil organic matter fractions from different sampling dates

-

Fraction

Date Floated
Fulvic Humic
acid acid

Residue Fine claY
(0.04 p (>0.2 tt) (0'2-0.0a P')

5-69
9-69
J_/U
9-70

5-69
9-69
5-70
9-70

s04f
395
277
2t4

278
145
111
97

t2
t2
10
9

13

10
9

Sceptre soil'
n

8

a

worll)ule solt'

A

J

8
9

6

16
II
t2
10

A

4
3
3

i

A

5
A

8
8
a

J

9

6

.mg labelled CT-.' g organic C
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Gray Wooded soils were characterized by
a greater proportion of rnobile (free) humic
acids, and a higher E,:Eu ratio than Cherno-
zemic soils. In contrast, Biederbeck (1966),
investigating the degradation of "C-labeiled
immature oat residues urrder laboratory con-
ditions, reported that similar amounts of
added plant "C (41-427o) remained in a
Gray Wooded and a Chernozemic soil after
222 days of laboratoryl incubation under
similar abiotic factors for the two loam
soils.

. Under cropping, the rates of decomposi-
tion in the Sceptre soil were irregular (itep-
like) in contrast to a sntooth curve for the
Waitville. This was most obvious durins the
first season planted to rvheat when nJ de-
composition occurred, compared with that
in the subsequent fall anrl early spring when
15% of the straw carbon was decomposed.
Similar "carbon-saving" eflects of growing
plants were reported by litihr and Sauerbeck
(1968) who found that, during the flrst
summer, significantly mrcre labelled C was
retained in plots sown to wheat than in the
fallow plots; this difference disappeared
later on. Further investigation of the effects
of cropping showed thal. cropped plots re-
tained, 2OVo more labelled straw C than
fallow. Undoubtedly, the moisture used by
the growing crop resulted in droughty con-
ditions within the plow layer over most of
the growing season, which retarded the de-
composition process.

Labelled grass added to the surface of the
virgin Sceptre soil in 1969 and 1970 did
not decompose to the same extent as straw
incorporated into the p,low layer of the
Sceptre soil. The decotnposition rate of
grass during the first season was similar to
that for wheat straw incubated in the plow
layer but only one-half that of wheat straw
incubated over the second and third seasons.
The greater stability of grass C under our
semiarid conditions must therefore be at-
tributed to lack of incorporation where litter
accumulates on the virgin surface horizon
and is very subject to drought.

Decomposition of the grass added in
1970 was more uniform than that of the
material added the previous year. Examina-
tion of the monthly precipitation data shows
that the addition of grass in May 1970 was

305

followed by heavy rainfall during June,
which thoroughly soaked the added ma-
terial, compressed it firmly to the soil sur-
face, and aided in its physical deterioration.
In contrast, the small amounts of rainfall
recorded during April, May, and June 1969,
were not sufficient to bring the material in
contact with the soil. Once in contact with
the soil, however, the material was subjected
to mixing by the soil fauna (i.e., nematoda,
arthropoda) and subsequent attack by mi-
croorganisms. Decomposition then occurred
very quickly.

The droughty conditions prevalent at the
Sceptre site in the spring of 1969 may also
serve to explain the fact that virtually no
decomposition took place in the wheat straw
at the cultivated site until after the crop was
harvested. Organic matter fractionation re-
vealed that the decline in floated fraction
observed between spring and fall sampling
dates was accompanied by an increase in the
)0.2 u fraction. Absence of changes in the
remaining fractions during the growing
period indicated that comminution of straw
particles was accompanied by stabilization
of smaller particles by inorganic material.
The role of the high clay content in the
stabilization of the organic fractions of this
soil cannot be overlooked. Sorensen (1967)
reported that the presence of montmoril-
lonite increased the recovery of added C in
amino acids during the decomposition of
"Clabelled carbohydrate.

The higher biological activity in the Wait-
ville soil is shown by the rapid decline of the
floated fraction and its subsequent cycling
within the other fractions of the labelled or-
ganic pool. The high specific activity of the
fulvic acid and its rapid decline, coupled
with fluctuations in humic acid and the frac-
tion (0.04 p, is also suggestive of an active
soil population during the initial phases of
incubation but stabilization during the latter
period. This is confirmed by the low slope
of the decomposition curve during the 1971,
season. These results are in agreement with
those of McGill (1972) who observed a
higher turnover rate of labelled N from
Waitville fractions and concluded that a lae
of N incorporated into the )0.2 a fractioi
was indicative of cycling within other frac-
tions.

SHIELDS AND pAUL-DEcoMposITroN oF t4C_LABELLED MATERIAL
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