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ABSTRACT 

The decomposition of litter has been measured in a tropical forest ecosystem using three methods: 
(1) direct measure of weight loss, (2) estimating a decay coefficient, and (3) integrating the seasonal weight 

The aim and precision of these methods are discussed in relation to the study of organic matter cycl- 
I loss curves and the monthly soil litter variations to obtain a curve of decay along the year. 

ing in the forest; and other methods used in tropical forests are reviewed. 

INTRODUCTION 

Decomposition of forest litter has been extensively studied in temperate forests, in 
relation to various factors such as fauna (Bocock 1964, Witkamp and Crossley 1966, 
Weary and Merriam 1978), species (Heath et al. 1966) and other environmental factors 
(Bocock and Gilbert 1957, Witkamp and Van Der Drift 1961) or with the purpose of 
estimatirg nutrient release (Go92 et al. 1973, Lemee afid Bichaut 1973). 

Among the first authors who studied the decomposition of the litter in tropical forests, 
Jenny et al. (1949) indicated the rapid disappearance of tropical forest litter. This was 
emphasized by Bwtholqmew et al. (1953) and Laudelout and Meyer (1954). Several 
works on this subject have been carried out particularly in recent years, and many attempts 
have bcen made to compare the difierelit results obtained (Hopkins 1978). In most 
cases the studies are cmcerned with the annual rate of decay and little attention has 
been paid to the seasonal variation of the decay rate. In this paper a method to cal- 
culate the air,ount of litter disappearing in the course of a year is given, and the different 
methods for studying the decomposition rate are compared. 

. 

, 

LITTER DISAPPEARANCE IN THE BANCO FOREST 
(IVORY COAST) 

Leaf litter disappearance was studied in a rain forest (Banco forest) of south Ivory 
Coast in two sites previously described (Bernhard 1970). The mean annual rainfall 
is 2100 mm. The atmospheric humidity is always bigh and ranges between 80 to 86%. 
Litter fall occurs mainly in the dry season (Bernhard 1970). 

The weight-loss curves of the leaf Iitter are established approximately every two 
months (Bernhard-Reversat 1972). Known amounts of freshly fallen leaves were placed 
on the soil on a 2 mm mesh plastic netting, and covered with the same netting, the sam- 
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The disappearance of the litter is given by the equation: 
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'which using the equation (2) becomes: . .  
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FIG. 2. Seasonal variations cf the amount of litter disappearing during 2-weeks intervals. 

The same model allows the calculation of the litter accumulation in the soil. The 
calculated amount is smaller than the resdt of direct mcasurements. It is possible that 
the experimental method by weight loss measurements overstimates the decay rate. In  
addition to the experimental study the decay rate has bpen estimated by calculatlng the 
decomposition coefficient (Olson 1963) from measurements of litter fall and litter accumu- 
lation in the soil (Bernhard 1970). Thc comparison of these two methods is shewn in 
Table 1. 

TABLE 1. Disapfiearance tinte of the litter (in months) estimated by two methods 
- _*-L-_--_______L---.- 

Methods Decay coefficient Weight loss measurements 

Site 50% 95% 50% total 
-_----_L_______I___-_I__-- - 

_--- --- 
Plateau 2.5 11 1.5-3.0 9 
Talweg 2 .o 8.5 0.7-4.0 5 
-____________----___________IIL__L_ 

' 

1967 1968 
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Weight loss measurements give higher dccay rates th7n the deczy cacfficient calcula- 
tion (Table 1). Overestimate of the decomposition rate by the experimental method 
may be due to the compaction of the leaves resulting in a better conservation of water 
during the dry periods, hence better conditions for the microflora. The initial leaves 
sampling method may also be involved; the samplinr is made by picking all the green 
or yellow leavcs on the floor to represent freshly fallen leaves, and this method may cause 
a systematic error by discarding that which are brown when fallen. The calculation 
of decay coefficient also introduces errors because it assumes an exponential weight loss, 
which is not confirmed bv the experjmen tal curves (Edwards 1977). 

DECAY COEFFICIENT X 

Two methods of calculating k have been used. The models have been extensively 

studied by Olson (1963) who showed that the formula k= - (where L is the an- X+L 
nua1 litter fall and X the nmoQnt of litter on the ground) applied to forests having a 

discrete litter fall in a short period of time, while k = - applied to forests hav- 

ing a continuous litter fall. 
To calculatc the disappearance time it is necessary toreturn to the equatim X/X,= 

e-kt (Olson 1963) where X is the amount of litter remaining a t  the timc t from an initial 
amount X,. Since the weight loss curve is exponential it is not possible to calculate 
the total disappearance time, so the 95% disappearance time is c.ften calculated. How- 
ever some authors approximate the total disappearance time by assuming that X/L (or 
l/k) is the number of years for total decomposition. Since Dy the decomposition is 
equal to Lin a steady state ecosystem, X/L=X/D gives the number of years for the dis- 
appearance of a quantity L of accumulated litter. But this amount is not entirely fresh 
litter since a part of it has already been decomposing. The term X/L is thus not the 
disappearande time for a given amount of fresh litter. 

In Table 2 some of the results obtained for various tropical forests are given, 
No details are given of the type of forest because such table has been given (Hopkins 
1978) showing the absence of reliability between the k coefficient and forest type or 
pluviometric factors. Meentemeyer (1978) shows the existence of a high correlation 
between k and the actual evapo-transpiration when both tempcratc and tropical forests 
are considered, but no relation was shown for tropical forests alone. Table 2 shows that 
the k coefficient separates the montane and premontane forests (k bcing about I), and 
the lowland forests (k generally greater than 2). I t  would probably separate woodlands 
from humid fores ta, since a dccav coefficient ranging from 1.1 to 1.3 have been calculated 
(Malaisse 1978); but only few data are available. 

Although. thc cxponential curve of decomposition docs cot fi t  the measured weight 
loss curves, the calculation of X; is th.ought to give the most ccmparable values of decom- 
position rate between forests because of the apparcnt simplicity of the 

However the difficulty of measuring the amount of litter on the soil is cften under- 
estimated, Most tropical forests h,ave seasonal variation in litter fall and in decomposi- 
tion resulting in large variaticm in thc amount of litter on the soil : in the sempervirent 
Banco forest (Ivory Gosst) the amount of !itter ranges from 0.7 t ham1 during the wet 

L 
x 

measurements. 
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TABLE 2. Estimatiotu of litter decomposition ìti different trojical forests 
( T h e  bold figures are given by the authors ; the t h e  unit has evehtttallv been chatiged) 

-_-- -----I_--~---__-LL___---L-L 

Source and location (1) Expression used by the authors L 95%disappearance 4 k=- and material concerned X time in month (3) 

Wiegert (1970) leaf litter 
Puerto Rico M 

0.94 38 2 

__________ ~~ 

Ridge 1.07 34 
Edwards (1977) k=L/X Valley 1.48 24 3 
New Guinea M non-woody litter Slope 1.18 30 

Herrera de Fournier et al. decomposition ratea 1.2 30 6 
(1977) Gosta Rica M L-X 710 g m-a month-1 

__----1__ ------------ 

----I_-- ------ -____-- 
0.628 k=X+L Jenny et al. (1949) 

Colombia P 

1.6 23 

Madge (1965) k=L/X 
Nigeria P fine litter 

2.2 17 24 

disappearance 
Hopkins (1966) time= l/k=2.4-6 seinidecidudus 4.5-1.9 8-19 

(2 years) 
Nigeria P 2.4 15 12 

leaf litter 4.8 months evergreen 
-_I_-~---___-I_-__I_-_____---__---L___ 

John (1973) disappearance time 
Ghana P k = Ilk =4.8 nonth  2.5 14 S 

Devineau (1976) k=L/X 0.1 to 3.0 12 to 36 I 

leaf litter ---_- I_--- 

Ivory Coast P leaflitter 

Whitmore (1978) disappearznce time 2.8 13 
Malaysia P = l/k=4 months 

___-____-_-_-L________~ --+_--- 

...----__ ~--c---I-------------c-c 

3.1 12 
L Laudelout and Meyer k=- =0.76 

L-tX 
(1954) Zaire P fine litter 
- -----_--~-_--------------- 
Bernhard (1970) k=L/X plateau 3.3 11 12 

Nye (1961) k=L/X 4.65 7.7 1 

Ivory Coast P leaflitter talweg 4.2 8.5 
___------___-I_-7------ 

Ghana P fine litter 

(1) M=montane or premontane forest. P=Lowland forest 
(2) L=litter fall. X litter on the ground 

(3) from the equation : X/Xo=e-kt 
(4) number of sampling periods for X measurements. @=several) 

- -___ -----------L-I---L--L------ 
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season to 3.5 t ha-1 during the dry season in th.e sanie site. Hence correct estimation of 
the mean annual amount needs several evenly-spaced sampling periods. The spatial 
variability i s  also high : in the Banco Forcst the confideiice limits interval (for P=95%) 
reaches f35% in the wet season and &15-20% in the dry season for 10 replicates of one 
square meter. 

The results 
of Hopkins (1966) shQws that the amount of leaves on the soil in a year with 1100 mm 
of rainfall is more than twice the amount in a year with 1500 mm. The variaticns are 
probably rot  so great in wet forests. 

Besides the possibilities of imprecisions in measurements, Meentemeyer (1978) em- 
phasizes the p'6ssibIe influence of the physical nature cf the litter, such as lignin content. 
It has been showrl from multiple linear regression equation of climate and lignin content 
that in tropical climates a small change in climate or in lignin content results in dramatic 
changes in decay rate (Meentemeyer 1978). This is confirmed by differences among 
species in tropical forests (Madge 1969, Bernhard-Reversat 1972, Ewe1 1976, Edwards 
1977). However this effect is weakened by the high number of species in tropical forests. 

The interannual variability may be impörtant in rdatively dry climates. 

-WEIGHT LOSS MEASUREMENTS 

An evaluation of experimental methods of litter decomposition studies is useful for 
comparison. Allt he in situ methods used are alternatives to the litter bag method, where 
known amounts of fresh litter are placed on the soil. 

The measured decay rate is affected by experimental ccndition such as the amount 
of litter in the bag, the type of bag, the mesh of the net, the way of placing the bag, the 
use of entire leaves or frag.ments. These sources of variations have to be considered 
when comparing the results. 

The instantineous 
rate of disappeararice in mg g-l day-l is often given. Although the time taken for its 
calculation theoretically does not interfere if thc curve is exponential, it does introduce a 
very inaccurate term if the slowest phase of decomposition is included. 

The timc needed for 50% disappearance would be a better way to compare different 
results because it corresponds to the rapid phase of decomposition and give more precise 
figures. 

Table 3 shows the difficulty of using different experimental results for comparing 
forests. The main conclusicn of this analysis is that to compare different sites thc same 
procedure has to be used. 

1. The results usually shown by graphs, are difficult to enumerate. 

- 

CONCLUSIONS 

The calculation of decay coefficient gives the rate of litter disappearame, if this rate 
is assumed to be an ex?onential function of time. This method allows the characteri- 
zation of a biotope by an estimation of the turnover rate of organic mattcr, which ex- 
presses-.the. biological activity. of the forest floor. So emphasized are the differences of 
metabolism between forests of various climatic zones, e.g. tempera te versus tropical, or 
montarte versus lowland. More precix compai ison, particu!arly among tropical forests, 
are difficult and would need mare accurate measurements of the accumulated litter, 
than those currently in use. 

I 

I 
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TABLE 3. Experimental measurements o f  litter decon$osition in  different tropical forests 
(The bold figures are given by the authors) 

Source and location (1) Expression used by the authors, disappearance rate 50% disappbdnce 
and material concerned mg g-1 day-1 time, weeks (2) 

~-_---__-_____-_____-__----___- 

-- - 
Wegert (1970) M Instantaneous disappearance time 1.43 
Puerto Rico 

Edwards (1977) ' per cent disappearance h 325 
New Guinea days : 43 %. , 1.7 

mean of 7 species 

Cruz (1964) per cent disappearance in 35 
5 a:* 16.9 

-I----- 

Puerto Rico M days : 50% 

Guatemala weeks : 43% , 2.9 , 10 V q ,  

Ewe1 (1976) 1 per cent disappearance in 28 

P mean of 6 species 
- --- 
Bartholomew et al. per cent disappearaiice in 
(1954)-Zaire P 8 months 57% 3.3 7 

Bernhard-Reversat 9 months plateau 7.1 7 
(1972) Ivory Coast P 5 months talweg 13, i 5 

~ -______- CL------ -_-- -- 
total disappearance time 

-_ _c-__________c___-___________c__ 

Madge (1969) total disappearance time 
Nigeria P 2 bo 7 months 10.5 to 32.8 6 to 19 

leaf discs, mean of 3 species 
____-_L--------C - y-- 

(1) M=montane or premoritane forest. P=Lowland forest . 
(2) estimated from the weight loss curves , . .  

The experimental method of studying litter decomposition by weight loss measure- 
ments give more precise data, piovided thst the time intervaIs between collections are 
small. This method gives a more realistic relation betwccn decay and time a&Ptlie 
measurements of mineral nutrient release from litter. Moreover its accuracy allows 
the comparison between stations or treatments, and it can be used to'study the influence 
of various factors, such as animals, soil, species dominance, topographv, etc.. . . whiqh 
may contribute to the understanding of decay ptocesses. However the results obtained 
are largely dependent on the experimental conditions and it is gefierally not possible 
to compare results from different authors-and countries. 

when monitoring nutrient cycles, i t  is u.;eful to know the amount of organic mate- 
rial disappearance and the amont of non-vola tile matter that enters thé soil ìn a given 
time according to ìhe season, because nutrients bchavicur with respect to rainfqll 
depends on the seasonal pattern of nutrient release. For this purpose, the Qse OS the 
litterfall curves and the weight loss curves, based on relativkly accurate measurements, 
give more reliable results than calculations derivdd from decay coefficient 2stimation. 
In the model described in this paper, the weight of ocganic matter may be replaced by 

5 

9 

the weight af any mineral- nutrient obtained from litter-analpis. y . ~ * .  
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