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DECOMPOSITION OF LITTER IN THE CONIFEROUS BIOME:
A Simple Preliminary Model

Robert L. Edmonds
University of Washington

INTRODUCTION

The preliminary model discussed here is an attempt to relate
decomposition of coniferous litter in different seasons of the year
to environmental factors. Weight loss and nutrient release are considered
in this paper, and in this simple approach the microorganisms are
considered only indirectly. A succession of microorganisms probably
occurs in decomposition, each one with the ability to break down
litter at different rates. The constituents of the litter have
not been considered beyond determining grams dry weight, carbon,
and nutrient content per unit of ground surface. Obviously, some
of the constituents of the litter break down more readily than others,
for example, sugars compared with lignin or phenols. Errors arising
from this approach will be discussed more thoroughly in the discussion
section.

The rate of loss can be expressed conveniently by a parameter
k (Olson 1963), which equals the fraction of stored material lost
per (short) unit time. Estimates of decomposition rate factor k
for annual losses in evergreen forests have been made by relating
the rates of annual litter production (g C/m2) to the nearly steady-
state accumulation of the forest floor (Olson 1963). K ranges from
4 in tropical forests to 0.016 in ponderosa pine forests. By this
method, k for the Douglas-fir forest at the Thompson Research Site
would be 0.27.

MODELS AND METHODS

The basic model selected is similar to that proposed by Olson (1963),
with modifications. His basic assumption is that the net rate of
change of energy or material (x) stored in a system equals the rate
of income minus the rate of loss. The quantity x can be measured
either as ovendry weight, organic carbon, energy, or nutrient content,
in dead organic matter, per unit ground surface. Then Ax/At = rate of
income for interval - rate of loss for interval, and dx/dt = L - kx.
The loss rate is considered as a product of the amount accumulated,
x, and the fractional loss rate, k.

Example 1

Decomposition of needles, and twigs - dry weight loss
The rate of income for monthly intervals has been determined

at the Thompson site in litter traps (2,088 cm2) , and the weight
of the forest floor has also been estimated (McColl and Grier, unpublished)
at about 278.5 g + 9.14 for 2,088 cm2.
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McColl (1969) indicated that the most important environmental
factors that control release of nutrient ions from the forest floor
were temperature of the period before rain (dry period) and water
flow through the forest floor.

Extrapolating from this information, we can reasonably assume
that temperature and rainfall will be important factors affecting
weight loss in that they affect microbial activity. With this in
mind, we assumed that k would be a function only of temperature
and rainfall. Olson (1963) has assumed k to be a constant. In
the example considered here, the maximum k (k maximum) should be
0.27 per year (0.02 per month).

The following equations were derived from McColl's (1969) nutrient
release equations:

k =
k

m

(1 ae-bt)
(1)

Km = k maximum (1 - ce - dr) (2)

where a, b, c, and d are constants. Here, they were all set to
1.0, k is the fractional loss rate, t is average monthly ambient
temperature (°C) at 1 meter, and r is monthly rainfall (cm).

More sensitivity would be obtained by using temperature of
the litter. These figures are available from the Thompson site.
Moisture content of the litter may also be a better variable than
rainfall.

Table 1 shows the monthly values of litterfall, temperature,
and rainfall that represents a typical year. A computer program
(See Appendix) was written in Fortran IV for the CDC 6400 computer.
Delta X, L, and kX were calculated at monthly intervals. This is
only a test case, and the results can be modified by manipulating
values of the constants and k.

Example 2

Decomposition of needles and twigs--loss of nutrients (in particular
potassium)

McColl's (1969) work on ion transport dealt only with storms,
but we may reasonably extrapolate over the year from his work. Although
a program has not been written, the data in Table 2 can be used
in the equations that follow. Litterfall would have to be determined
for each period. Use can also be made of Dice's (1970) work to
calculate the amount of poassium in the litterfall by regression
equation. McColl and Grier (unpublished) have also supplied information
on nutrients in the forest floor. Dice (1970) indicates that 1.6
kg/ha of potassium are released per year from the forest floor.
This figure will enable the modeler to check whether his model
is within appropriate range.

Equations similar to those in Example 1 are used. Some symbols
now have different meanings :
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k = fractional nutrient loss
k maximum = to be determined
t = temperature during dry period
r = wet period rainfall

McColl originally used flow rate in his equation. Flow rate
is a function of rainfall, but because rainfall figures are more
readily available throughout the year, rainfall was used as a variable.

Example 3

Decomposition of wood--weight loss
Equations similar to Example 1 can also be used here, although

the value of k would be considerably lower that that for needles.
The temperature would be that inside the wood section, and moisture
content of the wood may be a more realistic variable than rainfall.

RESULTS AND DISCUSSION

Decomposition of Needles and Twigs

The approach taken here is largely a black box approach. What
goes into the box is measured and what comes out (weight loss or
nutrient loss) is predicted without knowledge of the constituents
of the litter or the micro-organisms. We assume that the fractional
loss is a function only of temperature and rainfall. Minderman
(1968) points out that the speed of disappearance of the constituents
of the litter must be known before the decomposition rate of the
total litter can be calculated. Values of k will be different for
each constituent.

Witkamp and van der Drift (1961) also showed differences in
breakdown of forest litter in mull and mor related to differences
in soil moisture, temperature, microbial population, litter-feeding
fauna, rates of breakdown of the main leaf components (cellulose
and lignified tissue), and the concentration of CO2 in the soil.

Witkamp (1966) noted that the annual means of fungal and bacterial
counts were positively correlated with corresponding rates of litter
breakdown. Temperature, moisture, and stage of decay were the chief
factors that controlled microbial populations.

As a first approximation, however, the approach taken here
does appear to predict the progress of seasonal weight loss of litter
reasonably well, despite the fact that many of the factors mentioned
above are only considered indirectly.

Figures 1 and 2 show monthly gain, loss, and changes for values
of k- maximum = 0.02 and 0.05 respectively, and Figure 3 shows changes
in forest floor weight throughout the year for values of k-maximum
= 0.02, 0.03, and 0.05. Values of k-maximum and the constants in
the equation can be varied so that a steady state condition will
prevail: that is, the weight of forest floor does not gain or lose
weight on a yearly basis. This occurred when k-maximum was set
to 0.05.

Values of k can thus be manipulated to follow the life of a
forest stand from regeneration to maturity. An initial accumulation
on the soil occurs. The microorganism population then builds up
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until a steady state condition is reached, some years after stand
establishment. A feedback mechanism could be included to regulate
k-maximum. Values of k will also change from one type of forest
to another. The approach to the release of nutrients such as potassium
also seems reasonable, and the output from the model can be directly
used in nutrient cycling models. For full understanding of the
processes of decomposition, however, the microorganism must be considered
directly in the model.

Some of the breakdown of litter accumulated on top of mineral
soil involves leaching and physical transport of materials into
the mineral soil. This leaching provides income of carbon and energy
for soil organic matter. A large fraction presumably represents
losses of energy from the ecosystem because of respiration of decomposing
microorganisms. The next stage in the model should directly incorporate
the microorganism through respiration, especially since soluble
carbon is to be measured as an indication of microbial decomposition
in the Coniferous Biome. This would modify the model as follows:

A carbon/A time = carbon input - carbon losses

= C (litterfall) - soluble C (leached) - CO2 loss
dc
ct = CLF - KCL - CC02

Witkamp (1966) studied redbud, mulberry, white oak, and loblolly
pine litter and found that microbial respiration was controlled by
temperature (T), bacterial density (B), moisture (M/D), and number
(W) or weeks since leaf drop, where M/D = (moist weight of litter)/
(dry weight of litter).

He has developed an effective model for prediction of microbial
respiration:

CO2 production (C) = 46.5 + 3.2T + 26.9 M/D + 11.4 log B - 0.6W

C02 production is expressed in p liters hr i g-i

Loss of weight and respiration were highly correlated with a

microbial population estimate, which combines bacterial and fungal
counts.

Ballard (1968) has estimates of CO2 evolution from a young-
growth Douglas-fir forest floor for comparison purposes. Thus estimates
of C loss in respiration can be calculated.

Deterioration of Wood

The ability of different microorganisms to colonize logs and
breakdown the constituents of wood varies. Fungal deterioration
of young-growth Douglas-fir logs in coastal British Columbia was
studied by Smith et al. (1969). Thirty wood decay fungi were isolated,
with Naematoloma sp. causing most decay (white rot). Decay rates
increased with decreasing log size, increasing percentage of sapwood,
and increasing height of log above the ground. Base logs decayed
more rapidly than second logs, and the rate of decay, particularly
for brown cubical rot, was greater for autumn- and winter-felled
logs than for those felled in the spring and late summer and closely
paralleled the seasonal pattern of ambrosia beetle attack.
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Rates of decay in the living tree (Whitney and Deyner 1968)
will also have to be included in the overall study.

The future approach in wood decomposition studies may be to
investigate the release of water-soluble carbon from wood being
decomposed by the most common organisms, rather than trying to study
decomposition by all the species involved.

CONCLUSION

Seasonal weight and nutrient loss from the forest floor can
be modeled, if we assume that fractional weight and nutrient loss
is a function of ambient temperature and rainfall. This is a black
box model and does not take into account, directly, microbial populations
and constitutents of the litter.

Incorporation of these factors into the model is the next stage
in the modeling process.
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Table 1. Monthly Values of Litterfall, Temperature, and
Rainfall from the Thompson Site.

Month Litterfall (L) Rainfall (r) Temperature (t)

G/2,088 cm' cm

January 5.2 24.4 3.0
February 3.0 7.5 6.9
March 3.3 12.8 5.9
April 5.4 17.3 6.4
May 2.9 6.6 11.1
June 2.9 3.6 14.4
July 2.9 5.2 14.2
August. 3.2 1.1 15.7
September 7.5 7.6 12.0
October 16.2 12.7 10.0
November 15.0 17.8 5.9
December 6.6 24.3 1.9
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Table 2. Wet-Period Rainfall and Dry-Period
Ambient Temperatures for 1970 at Landsburg,
Washington.

Wet period Dry period
rainfall ambient temperature Days

cm C

January
-0.41 2

0.20 1

+0.69 4
7.52 7

+1.10 1

15.82 1
+3.11 15

0.86 1

February
+6.88 1

0.05 1

+3.85 2
0.43 2

+8.97 5

7.03 8
+7.37 8

0.84 1

March
+2.48 1

0.53 2

+4.95 1

3.66 3

+6.05 3

5.21 7

+6.19 2

1.17 2

+6.88 1

0.79 3

+7.15 1

1.40 3
+6.60 2

April
8.97 11

+6.93 6
3.07 2

+6.60 1

3.20 7

+5.22 1

2.03 2
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Table 2. (continued)

Wet period
rainfall

Dry period
ambient temperature Days

may
+10.72 6

4.34 6
+12.43 6

0.05 1

+10.01 4
0.51 1

+13.53 5
1.73 3

June

+21.51
0.56

+12.1 1

0.25 1

+13.86 2
0.30 2

+17.32 11
2.46 3

July

+17.46 24
5.16 3

+14.36 4

August
0.66 2

+18.43 4
0.08 1

+17.32 4
0.33 .2

+15.56 13
0.03 1

+14.63 4

September
1.44 5

+14.3 9
2.54 5

+13.2 5

3.63 5

+13.2 1
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Table 2. (continued

Wet period
rainfall

Dry period
ambient temperature Days

cm

October

C

3.05 3

+13.2 5
3.05 5

+12.65 5
3.05 4

+12.38 4
3.56 5

November
+12.38 4

7.44 8

+6.6 2
2.67 5

-2.75 1

7.67 +1.1 1

December
2.08 3

+2.20 1

8.86 3

+2.06 2

2.03 1

+3.02 1

3.15 2

+2.20 1

1.40 2

+1.1 1

0.94 2

-1.2 3
0.03 1

+1.79 2

8.05 6
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Figure 1.
N!

Litterfall, weight loss, and change (delta) in weight for a value
of k-maximum (fractional loss rate) of 0.02 per month. Delta is
gains minus losses.

22



18

16

14

12

10

8U

F -I 1 T I

Loss (W)

Litterfall

-4

-6

-8

-10

-12

Delta

Figure 2. Litterfall, weight loss, and change (delta) in weight for a value of
K-maximum (fractional loss rate) of 0.05 per month. Delta is gains
minus losses.
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Figure 3. Forest floor weight calculated each month for K-maxima (fractional loss
rate) of 0.02, 0.03, and 0.05.
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17,51.36. 06/03/71 E43COVA START OF LIST EQ 20

RUN VERSION APR 71 17.149 06/03/71

OCClr03
OCOU03
Ct 0005
000016
OLOG16
00 0630
000032
CLOC34

PROGRAM DELTA (INPUT ,OUTPUT,TAPE5=INPUT ,TAPE 6=OUTPUT)DIIENSION S (13),R(13),T13)'OEt_TA(13)Yti3)_
00 200 I=1, 13
REAJ(5 ,1) S(I), R_(I).,.T (I)__

1 FORMAT (3F5.11
WRITE(691) S(I),R(I),T(I)

200 CONTINUE

_000042
OLOO47 2 -FORMAT

000047 Y(I )=X/(1.0+EXP(-T(I)))
000057 WRITE(6,4)Y(I)
660064 4 FORMAT (F10.8)
CL0064 100 CONTINUE
000666 DELTA(1)=0.0
OLC667 DO lU I=2,13

_000071____ Z=OELTA (I-1)+S(I)+2765
060074 OEITA (I )=St I)-Y(I)+Z

_000100 W=Y (IZ
000102 WRITE(6,5)Z

_0.0.010 7 5 FORMAT (3H Z ._,F 1-l .2)
00010'7 WRITE(( ,6) DELTA(I)

OL0115 6 FORMAT(-?H DELTA sFI092)-/
000115 WRITE (6,7) H

000123 7 FORMAT(
-
3H W .F10.2)

0 C 0123 10 CONTINUE
000125 STOP
000127 ENO

it
y

DO 100 I=1, 13
X=0.03. (1.0-EXP(-R(I)))
WRITE(6,2)X
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-COR AP 17.50.02. NORMAL CONTROL.
---TIME---LOAD MODE --L1--L2-----TYPE---------------USER---++---CALL-

DELTA 00010 0
PROGRAM---- A UURE SS- --LA E3ELED---COMMON--

_FWA L OA0E-R._.0 5400 2 _E$ALASLE.S-.0.5.22.12._._..___

KOOER 00373?
KRAKER-005204_
OUTPTC 006242
SIO 0-063.3-4
----UNSATISFXEO EXTERNALS-----

INPUTC 003635
GETHA 0 0361 6

=t tV= OL2435
SYSILM _.__._..002514

:0 2.0
c4 3.05U 7.6.9

33 12.8 5.9
.4 17.3 6.4

2.9_6.6_11.1
2.9 3.6 14.4

_2.9
___

5.2-_14.2
2 1.,. e3 1. 15,7

' 1642. - 9-10.4

606 '.4.3 1.9
_Q259

. C' 22l1
C:30 C 0 U I
0/D 9J 2

8Q
iJ 5 77 4

L 299 t3_: L i
02995322

C 29c 9992
. C2991796
L30C9000

.02995024

.02995919

REFERENCE

0 .02995874
e02918029
.G231t027

0 ,.. C 24 X3`.50
.02983448
a02G01387

0 OL2G01386
_.0.2998499

C299843)
.02999991
.02999855
.03000000

0 .62991804
.03000000
. C 2609675

283.700 DELTA -2.91
W 8.117 218.59
DELTA -5.34
W 8e34
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I. 2T6.43
oLOL-'A._ -2.95
IN . 8.35
2 278.45
DELTA? -5. 44.
W 8,34-Z

275.96
DELTA -5.15-~
W

2

8.05
276.25

DELTA -5.34
W 248 .Z
DELTA

276.36

W 5.53
67Z 283 .

DELTA -1.01
W 518 .
Z_ 293.69

TDE 7.39AL
W 8.81
Z 89300 .
DELTA 6.00
W 9.00
Z 291.10
DELTA °1.00

7*60

J

D

D
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