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ABSTRACT

Results of preliminary measurements of decomposition
and N-mineralization from various sources of crop residues
of leguminous cover crops and hedgerow trees are presented,
Decomposition measurements in litterbags in the field were
compared with those in a sheltered pot experiment and in
'decomposition tubes’ installed in the field, For some residues
also N mineralization under standard laboratory conditions
was measured. For decomposition of pruning material of
hedgerow trees the litterbag and the pot experiment gave
similar results, showing a rapid decompaosition of Erythrina
prunings (50% loss of dry weight in approximately 3 weeks)
and a slow decomposition of Calliandra and Peltophorum
prunings (50% loss of dry weight in approximately 15 weeks).
For residues of leguminous cover crops and falien leaves of
cassava intermediate rates of decomposition were established
in the pot experiment (50% weight loss in about 4 and 7
weeks, respectively). The measurements in the decomposition
tubes were hindered by waterlogging of the soil due to com-

paction when the tubes were installed. Residues of two
Calopogonium species decomposed faster than those of
Mucuna and Centrosema. Measurements of COz-production
(respiration) confirmed this result. )
N-mineralization was measured by sampling the soil under
litterbags, in the pot experiment and in the decomposition
tubes. The litterbag results show a 'flush’ of nitrate due to
decomposing tree litters and a slow but steady increase of
ammonjum content of the soil. The highest peak in mineral
N was found after 4 weeks in Calliandra, Results for a Mucuna
cover crop in between the hedgerows, showed a high mineral
N-content of the soil at the moment that the cover crop was
slashed. Decomposing Mucuna residues resulted in a
moderate further increase, In the pot experiment mineral N
accumulated without leaching or crop uptake, The highest
N-mineralization was found for Calliandra prunings, fol-
lowed by a Calopogonium crop residue. Measurements of
mineral N in the decomposition tubes in the field showed
relatively high mineral N-contents of the soil at the end of the
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growth period of the cover crops, but showed a subsequent
decline where a further accumulation was expected, as crop
uptake and leaching were excluded, The possibility of
denitrification under the conditions of measurement is dis-
cussed. For further studies in the field the litterbag method
in combination with measurements of mineral N in the soil
appears to be the most suitable, The laboratory incubation
study showed that N mineralization per unit N content of the
residue was well correlated with the overal C/N content of the
residue, Materials with a C/N content higher than 23 showed
net immobilization during a period of 160 days. Other
parameters of the chemical composition did not increase the
percentage of variance accounted for in this study. A further
check on N mineralization from Calliandra seems necessary,
however. Some data are presented on a chemical fractiona-
tion of soil organic matter for the topsoil of five long term
experiments. The relatively high total N content of the forest
soil was associated with a high C/N content of the acid soluble
fraction.

INTRODUCTION

Dccomposition of dcad plant material can have a
direct effect on crop growth, by mincralization of
nitrogen, and an indircct one, by build-up of soil or-
ganic matter which may increase future cfficiency of
nutrient use. The two functions are partly complemen-
tary. Rapidly dccomposing material of low C/N
quoticnt contributes mainly by N-mineralization and
slowly decomposing litters contribute especially to the
build up of the soil organic matter pool. To predict
which function can be expected from a partticular type
of litter and to design cropping systems with a
balanccd supply of organic inputs, information on the
rate of decomposition and N-mineralization of various
sources of litter is needed. For the N-mineralization
not only the total amount during the growing season
is important, but also the time pattern of N-release
(and possibly immobilization), as this can be more or
less synchronous with the demand for uptake by crops.
The degree of ’synchronization’ between N-supply and
demand is imporant for the efficiency of nitrogen use,
cspecially under conditions of high rainfall and leach-
ing. Leaching problems are the more severe when
crops arc shallow rooted and when mineral nitrogen is
present in the nitrate form (Van Noordwijk et al,
1992). As environmental conditions can have a
pronounced cffect on decomposition rates, the meas-
urements should be done as much as possible under
ficld conditions.

The major determinant of the decomposition rate of
crop residues is the C/N ratio, although the lignin con-
tent of the cell wall fraction and the content of
polyphenolics, such as tannin, can modily the results
(Alexander, 1977). Apart from the 'quality’ of the lit-
ter, decomposition rates are determined by environ-
mental conditions such as temperature and . humidity
(Jenkinson and Ayanaba, 1977; Ladd et al., 1985) and
the accessibility to soil macrofauna and soil microor-
ganisms (Brussaard ef al., 1992). These factors arc in-
fluenced by incorporating  the litter into the soil, as
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compared to leaving “them on the soil surface. Direct
measurement of the rate of decomposition of surface
applied litter is complicated by considerable spatial
variability in amounts of litter present. Methods in
which known amounts of litter are applied which can
subscquently be quantitatively recovered, have a
definite advantage. The method of isolating a certain
amount of litter may, however, influence the results.
In the internationally coordinated project on Tropical
Soil Biology and Fertility (Anderson and Ingram,
1989) the use of ’litterbags’ of standardized, coarse
mesh size is recommended (Fig. 1A). The litterbag
does not allow a complete direct contact of litter and
soil, but the mesh size is large enough to allow the
soil macrofauna to do their work. We decided to com-
pare the results of litterbag studies with a pot experi-
ment, in which known amounts of litter were applicd
to pots, kept under a shelter to avoid rainfall and too
high temperatures (Fig. 1C). We further included
measurements in 'decomposition tubes’ inserted to the
soil and covered by plastic to avoid rainfall and leach-
ing (Fig. 1B). Table 1 summarizes some characteristics
of the three methods. In all methods litter is placed
on top of the soil, as happens in no-till cropping sys-
tems.

Decomposition of crop residues might be influenced
by the conditions in the field during a subsequent crop
(e.g. due to microclimate or the presence of other
types of litter on or in the same soil). We thercfore
decided to include a comparison of the decomposition
of a Mucuna cover crop in four treatments of a
hedgerow intercropping trial.

A laboratory experiment with selected residues was
slarted to evaluate the role of the tannin content as
modifying factor on mineralization rates. As decom-
position in the soil and in ruminants may both be
determined by bacterial processes, standard mcthods
for evaluating digestibility , for caitle were applied to
these residues.

- MATERIALS AND METHODS

A description of the soil profile and climate can be
found in Van der Heide et al. (1992) and Van
Noordwijk et al. (1992), respectively. For a prelimi-
nary study of decomposition a number of contrasting
litter types were chosen, relevant to a hedgerow inter-
cropping field experiment (Sitompul et al., 1992) and
a cover crop/ maize/ soybean rotation experiment
(Utomo et al., 1992). In each case the amount of litter
applied was close to that to be expected in the field.
Table 2 presents sources of crop lilter and amounts
used in the three studies. In the presentation of the
results we will concentrate on the loss of dry weight
and on data on N-mincralization. For the loss of dry
weight an exponential decay is 1o be expected and data
are presented in a logarithmic form. The time required
for a 50% loss of dry weight is a characteristic valuc.
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Table 1. Comparison of three methods to study decomposition and
N-mineralization (Fig. 1).

Litterbag Decomposition Pot experiment

tube
Soil undisturbed no slight yes
Contact litier/soil indirect direct direct
Macrofauna excluded no yes yes
Leaching yes no no
Crop uplake no no no
Control of water content no no yes
N-balance measurement no yes yes

Table 2Sources of crop litter and amounts usecl in the three
studies,

Sources of liner Quantity of litter Mg/ha

Litierbag Tube Pot
balliandra calothyrsus 1.2 - 23
Erythrina orientalis 1.0 - 0.9
Peliophorum pterocarpa 1.0 - 2.1
Mucuna/Calliandra | 19 S -
Mucuna/Erythrina 11 -
MucunalPeltophorum 1.1 - -
Mucuna pruriens - 11 2.7
Calopogonium caeruleum - ' 1.6 -
Centrosema pubescens - 14
Calopogonium mucunoides - 1.7 22
Imperata cylindrica - 0.6 -

Litter bag experiment

The experiment was carried out in a hedgerow in-
tercropping field experiment (Sitompul et al., 1992),
consisting of a random block design with 7 treatments
and 2 replicates. For mcasuring the absolute decom-
position rates of pruning materials, standard litter bags
(Anderson and Ingram, 1989). These are made of ex-
uded polyvinyl with a 7 mm mesh. The sides of the
bag were bent up to rctain the shape of a shallow
box-like container, 30 X 30 X 2.5 cm. The bags were
located randomly in the field on top of the soil. One
bag was retricved, randomly chosen, from each repli-
cate after 0, 2, 4, 6, 8, 12 and 16 weeks. At cach
sampling occasion, the bags were carclully lifted in
the field to reduce losses of fragmented residues and
enclosed in separate polytene bags for transport to the
laboratory for measuring dry weight. Soil samples
were collected from the sites where bags had been
removed, from 0-5, 5-10 and 10-15 cm depth and KCI
exiracts were made o mecasure ammonium and nitrale
N in the soil, at all sampling occasions.

Decomposition tube experiment

A ficld incubation experiment was: carried out in the
existing cover crop experiment of N project (Utomo
et al., 1992). Plots were selected with the leguminous
cover crops Mucuna pruriens utilis, Centrosema pubes-
cens, Calopogonium ~caeruleum, aud Calopogonium
mucunoides;, a grass/weed control plot containing Im-
perata cylindrica was included in this study. An in-
silu incubation mcthod of Tropical Soil Biology and

Fettility programme (Anderson and Ingram, 1989) was
used. Plastic tubes (45 mm internal diameter) were
used to take initial soil samples and to isolate soils
during field incubation. The tubes were inserted into
the soils in pairs within an area of about 1 m2, with
the pairs located randomly at the site. The cores were
then pushed in at the depth of 35 cm, with 5 cm of
tube projecting above the soil surface. One of the tube
of each pair was filled with cover crop residues. Loss
of weight of plant materials was measured using a
modified mesh bag with a 2 mm mesh size, filled with
50 gram of fresh plant material as initial weight,
placed on top of the soil, inside the tube. One tube
of each pair was removed immediately for determining
mineral-N concentrations in the soil (time zero) and
the remaining tube was covered with a plastic cup to
protect the core from rain. Of the remaining core a
KCL extract was made to determine the mineral N
concentration after 2, 8, and 16 weeks for each site.
The cores were sectioned by depth (0-10, and 10-20
cm). Each soil sample (5 g) was extracted in a 1: 10
soil: solution ratio with KCL (2 M). To each sample
2.5 ml Toluene was added to avoid N transformations
during sample transportation. The concentration of am-
monium-N and nitrate-N was measured. Samples were
taken at two weeks interval and dried at 65°C. Carbon
evolved during the process of decomposition was also
measured using the method of Anas (1989).

Pot Experiment

A pot experiment was copducted in the field, shel-
tered by a grass thatched roof. Plastic pots were filled
with 5 kg of air-dried soil, sieved with 2 2 mm mesh
sieve. Water was added to approximate field capacity.
Five legume residues i.e. Mucuna pruriens var. utilis,
Calopogonium mucunoides, Calliandra calothyrsus,
Erythrina orientalis and Peltophorum pterocarpa, were
sclected for this sludy (Table 2). All materials were
chopped to equal size and placed on the surface of
the pots. One series of confrol pots was started. During
the experiment, pots were weighed frequently and
water was added to maintain field capacity. A com-
plete randomly design was used with 7 treatment and
three replicates. Harvest times were 0, 2, 4, 6, 8, 12
and 16 weeks. At cach harvest, plant residues were
scparated from the soil, dred and weighed. Soil
samples were collected from the depth of 0-5 cm, 5-10
cm and 10-15 cm for each pot. KCL extracts of the

soil were analyzed to determine ammonium-N and
nitrate-N in the soil.

Laboratory N mineralization measurements

For 13 types of residue N mineralization was also
measured under laboratory conditions, using the
method of Stanford and Smith (1972). ’Leaching
tubes’ of 2.5 cm diameter were filled with 50 g of
soil (a 1:1 mixture of quartz sand and top soil from
Lampung) and brought to 50% of water holding
capacity (WHC) by adding 10 ml of water. Residue
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samples, 1 g per tube, were mixed through the soil.
A filter was placed at the bottom of the tube and a
glasswool pad on top. Tubes were kept in a climate
room at 25°C. At 0, 2, 4, 8, 16 and 32 weeks tubes
were sampled by leaching with a 0.01 M CaCl2 solu-
tion, in 10 increments of 10 ml. After leaching 25 ml
of a solution containg 0.002M CaSO4, 0.002 M
MgS04, 0.005 M Ca(H2PO4)2 and 0.0025 M K2SO4
was added to each tube and the soil was brought back
to 70% of WHC. The quantity of N leached was
considered to be the amount of N mineralized in the
period between two sampling occasions. Control tubes
without plant residues were included and used for cor-
rections.

As we expected that tannin content may modify N-
mineralization, residues were included for which a
_«gh tannin content was expected: Peltophorum, Des-
modium heterophyllum (locally abundant and a can-
didate for a shade-tolerant cover crop) and Desmodium
ovalifolium, grown under glasshouse conditions. Table
3 shows some data on chemical composition of
selected crop residues, using methods developed for
predicting digestibility for cattle. On the basis of the
NDF (neutral detergent fibre) method a distinction be-
tween easily decomposable material (1 - NDF) and
structural material (mostly ceil walls) can be made.
Cellulose and hemi-cellulose can be estimated from
NDF - ADL (acid detergent lignin). By measuring the
N content of the NDF fraction, an estimate of the C/N
ratio of the easily as well as the structural material
can be made. The thirteen types of residue chosén for
this study show considerable variation in composition.
The highest tannin content was found for leaf material
of Peltophorum pterocarpa. The local leguminous Des-
modium heterophyllum has a relatively high tannin
content as well, higher than that for the glasshouse
grown Desmodium ovalifolium. The estimated C/N
ratio for the ’easily decomposable’ fraction of stem
material is higher than that for the ’structural’ fraction
of several types of leaf material.

RESULTS

Loss of dry weight

Figure 2A shows, on a logarithmic scale, the dry
© weight remaining in the litterbags sampled over a
period of 16 weeks. Overall a linear downward trend
is indicated, representing exponential decay of the lit-
ter. For Erythrina the decomposition apparently slows

down when about 20% of the original amount is left,’

for Calliandra this happens when about 45% is left
and for Peltophorum when 70% is left, although the
last measurement was deviating. In figure 2B the data
of figure 2A are compared with results of the pot ex-
periment for the same litter types. In the pot experi-
ment a relatively large decrease of dry weight. was
found in the first measurement, two weeks after the
start of the trial, with a slow but steady subsequent

decline. Despite this difference in pattern, the two
methods agree in showing a rapid decomposition of
Erythrina, and a slower one for Calliandra cud Pel-
tophorum. Combining the two methods, we wayv es-
timate the time required for 50% loss of dry weight
for the litters to be about 3, 15 and 15 weeks, respec-
tively.

Figure 3 shows the loss of dry weight in the pot
experiment for all litler types. The decomposition of
the leguminous cover crops Calopogonium and
Mucuna was relatively fast (50% loss of dry weight
after approximately 4 weeks), that for fallén leaves of
cassava intermediate (50% loss of dry weight after ap-
proximately 7 wecks). The data on loss of dry weight
in the decomposition tubes proved to be very irregular
after 8 weeks; in figurc 4 only the first four measure-
ments are presented. The data indicate a rapid decom-
position by Calopogonium residues (both species) and
a relatively slow decompositions of Mucuna,
Centrosema and Imperata residues. Overall, decom-
position was slower than in the pot experiment. This
may be caused by the partial waterlogging. Figure §
shows the respiration rate mecasured in decomposition
tubes with various types of litter. No correction for
background soil respiration was made. For all litters
the respiration showed a strong decrease over time.
Respiration  rates  decreased in the order:
Calopogonium caeruleum> Calopogonium mucunoides
> Centrosema pubescens > Mucuna pruriens > Im-
perata.

N-mineralization

Figure 6 shows the mineral N content of the soil
under litterbags filled with Mucuna residue, placed in
four treatments of the hedgerow intercropping period
during a maize crop, following Mucuna. No indications
were obtained that the pattern of N-release was in-
fluenced by the type of litter present in this plot. In
figure 7D the results are averaged over theses four
treatments. At the start of the litterbag cexperiment
mineral N-content of the soil was found to be rather
high. At 4 and 6 weeks after the start only a
moderate increase in mineral N was measured; in fact
the NH4 content decreased while the NO3 content
more than doubled. After the maize harvest, 16 wecks
after the start of the litterbag experiment, virtually no
nitrate remained in the soil, while ammonium was
still close to the original value.

Figure 7A, B and C show mineral N-contents of the
soil in a different episode of the hedgerow intercrop-
ping experiment. During this series of measurements
mineral N content of the soil was low initially, with
hardly any nitrate present. During decomposition of
the prunings a ’flush’ of nitrate could be mcasured at
4 and 6 weeks which had disappeared by 16 weeks.
The ammonium content of the soil showed a slow but
stcady increase. In all measurements included in figure
7 mineral N was more or less e¢venly distributed over
the three layers sampled. The peak in mineral N-con-
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Figure 3. Loss of dry weight of six types of plant litter in the pot

experiment,

tent was measured at 4 wceeks for Erythrina and Cal-
liandra and at 6 wecks, but less pronounced, for Pel-
tophorum. In the interpretation of the data we have to
rcalize that crop uptake and lcaching were leading to
a deccrease of mineral N, especially NO3, while
mineralization of both soil organic matier, root
residucs and the litter in the litterbag lead to an in-
crcase. No measurements in a situation without recemt
litter inputs were made.

Figure 8A till D shows the mincral N mcasured in
the pot experiment, without the presence of a crop
and without leaching. Now a gradual build-up of
mincral N is obscrved, rclatively fast for Calliandra
and relatively slow for Peltophorum. In inlerpreting the
absolute amounts "we have to take the different

U= Calliandra, lit. ' Calliandra, pot
=0~ Erythrina, }it. = Erythrina, pot
- Peltophoru, lit. == Pellophoru, pot
10 L] T T
0 4 8 12 16
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Peltophorum). A. measured in litterbags, B. measured in
a pot experiment,
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Figure 4. Loss of dey weight of five types of plant litter in decom-

puosition tubes; results afler 8§ weeks are omitted, because
of irregularities in the data,

amounts of litter, as well as the different N-contents
of the various litter sources. The ammonium content
of the soil shows no consistent change while the
nitrate content increased, so apparently nitrification of
N mincralized occurred rapidly. Although the four
measurements obviously do not show the whole pat-
tern, figure 8F suggests for shed cassava lcaves an
initial immobilization, followed by N-rcleasc beforc 8
weeks. _

In the decomposition tubes crop uptake was ex-
cluded while the cover of the tubes prevented leaching,
so an accumulation of mincral N could be expected.
The mcasurcments in figure Y show othcrwise. Mincral
N content was rather high initially, at the cnd of the
growing period of the cover crops, but decrcased sub-
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{reatments of a hedgerow inlercropping trial, three with
hedgerow trees and one in a control plot, without trees,

scquently through a loss of nitrate. The data are rather
irrcgular, however, as noted for the loss of dry
weight of the litter samples as well. In interpreting
the data we have to consider the possibility of
denitrification as reason for the loss of nitrate. Due
to physical disturbance and compaction of the soil
during installation of the tubes, the soil in the tubes
was oflen waterlogged after heavy rain, despite the
cover on the tube. Water must have entered through
the bottom of the tube during temporary ponding of
the ficld during heavy rainfall. Subscquently conditions
for dcenitrification were probably met: presence of
nitrate and carbon substrate, high temperature and lack
of oxygen due to water logging. Variations in degree
of waterlogging, though not recorded, might be respon-
sible for the high variability of results.

N mincralization was also mcasured in the

laboratory, under standard conditions. Figure 10 A and
B shows N mineralization (corrected for that in control
soil), expressed as fraction of the initial total N con-
tent. Immediately after incorporation some mineral N
was present for the stem samples, but later on N im-
mobilization dominated. The material collected as
forest litter also led to immobilization of N. All except
one, Desmodium heterophyllum, of the leaf samples led
to net mineralization of N.

Figure 11 shows that the specific net mineralization
rale over a period of 160 days was well correlated
with the initial C/N ratio. No improvement of the
varaiance accounted for was obtained by including any
of the parameters in Table 3 in a multiple regression
model. Only a slight indication was obtained for a role
of tannins in modifying net N mineralization.

Table 3. Chemical properties of plant residues used for mineraliza-
tion study. All measurements except for C/N ratios are
expressed as % of dry weight, C/N-t, C/N-¢ and C/N-s
refer 10 total, easily decomposable and structural biomass

respectively

NDF NDF-iv ADF ADL IVIDIVCWD Tan
Forest litter 655 624 721 363 157 48 145
Stem
Peltophorum pteroc. 796 729 69.7 17.0 207 84 135
Leucaena leucoceph. 83.7 737 69.6 148 244 119 0.10
Cassava 73.8 53.7 551 128 448 272 0.10
Mucuna pruriens 64.2 448 542 132 51.2 30.1 080

Desmodium heteroph. 699 572 550 17.8 376 182 1.06
Desmodium ovalifolium 637 437 523 10.8 49.7 314 052

Leaves

Peltophorum pteroc. 625 62.1 564 21.1 19.7 06 596
Leucaena leucoceph. 459 363 331 148 485 209 1.54
Cassava 40.5 19.0 555 21.9 59.2 531 1.70
Mucuna pruriens 558 369 552 198 529 338 086

Desmodium heteroph. 58.2 53.6 450 12.1 324 179 384
Desmodium ovalifolium 425 221 413 98 646 479 2.77

N-tot N-NDFN-ADF Ash C/N-t C/N-e C/N-s

Forest litter 116 05k 030 7.17 419 429 583
Stem

Peltopherum pteroc. 081 051 0.56 324 574 334 912
Leucaena leucoceph. 1.04 071 039 4.14 393 16.1 579
Cassava 1.22 0.56 045 434 370 208 81.1
Mucuna pruriens 1.32 056 038 5.74 327 177 711

Desmodium heteroph. 127 0.57 047 451 350 190 796
Desmodium ovalifolium 199 084 1.17 526 21.5 11.1 843

Leaves

Peltophorum pteroc. 283 207 136 373 172 103 235
Leucaena leucoceph. 478 308 106 764 105 76 163
Cassava 473 276 155 620 109 59 187
Mucuna pruriens 447 353 225 583 106 6.6 134

Desmodium heteroph. 215 124 061 7.82 213 135 36.9
Desmodium ovalifolium 370 093 1.15 7.85 12.6 8.5 50.2

NDF (ncutral detergent fibre) = (hemi)cellulose, (lignin, cutins),
NDF-iv = in vilro determination of NDF,

ADF (acid detergent fibre) = cellulose, lignin, cutins,

ADL (acid detergent lignin) = lignin, cutin, (tannins)

IVTD (in vitro true digestibility) = weight loss during 48 h incubation
in stomic acid (Tilly & Terry),

IVCWD (in vitro cell wall digestibility) (Van Soest),

Tan = tannin (polyphenolics).
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Figure 7. Mineral N content jn the top soil of a hedgerow inter-
cropping experiment, underneath litterbags with
Mucuna, The first measurement coincided with planting,

The results of a fractionation of soil organic matter
(Table 4) can be partly understood from the quantity
and quality of organic inputs in the various cropping
systems. Repeated measurements throughout a growing
season, however, are necessary to understand the
dynamics of soil C and N content. The data suggest
that none of the cropping systems is able to maintain
the Corg content of forest soil.

DISCUSSION

Comparison of the results for the three methods used
in the field shows that the litterbag study and the pot
experiment generally showed consistent results for loss
of dry weight of litters. Results for N-mineralization
are not in contradiction when the probable effects of
leaching and crop uptake in the litterbag study are ac-
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the Iast with harvesting of & maize crop. A. Calliandra,
B. Erythrina, C. Peltophorum, D). Mucuna.

Table 4 Soil analysis of topsoil (0-§ cm) samples of long term soil
fertility experiments and undisturbed forest soil. Resp =
respiration in 50 days st 20°C.

Vege-  Touic & N Acidsoluble  Resp “icrobial
taion Biomass
or
Spocies %NI %Corg C/N %Nt %Corg C/N ("f:i; "E‘f’.‘;g % Nt
Forest 0.187 47 255 543 433 203 164 385 206
Maize 0127 338 267 288 563 553283  28.4 2.24
Rice 0140 444 318 335 595 565096 17.4 1.24
Mucuna 0.133 3.78 28.5 107 363 9.750.59 - .
Control 0.113 346 306 119 - 3.58 983132 . -
Peltoph 0.133 388  29.1 302 395 396199 -

Maize and rice: Cassava/maize and Cassava/tice intercropping plots (Ex-
periment 1) receiving an annual N fertilizer rate of 60 kg/ha, Mucuna:
Mucuna/Maize rotational system (Experiment 2), Control: weed fal-
low/Maize rotational system (experiment 2), Peltoph: Hedgerow inter-
cropping trial with Peltophorum and maize (experiment 3). 1°=mg
Microbiol biomass per kg of dry soil
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Figure 8 Mineral bN in the soil of a pol experiment with six types of decomposing crop litters on the surface. A. Calliandra, B, Frythrina,
C. Peltophorum, D. Mucuns, E. Calopogonium mucunoides, ¥. Cassava leaves.
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A. Calopogonium caeruleum
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Figure 9. Mineral N content of soil in the decomposition tubes (0)-
20 cm). A, Calopogonium mucunoides, B. Calopogoninum
caeruleum, C, Centrosema pubescens, V). Mucuna pruriens
var, utilis, E, Imperata cylindrica.

counted for. For further studies the pot cxperiment ap-
proach has the advantage that an N-balance can be
made, while the litterbag study in combination with
mineral N sampling shows the complexity of the real
field sitwation. The choice of methods should then
depend on the purpose of the rescarch. The pot cx-

" periment approach can be combined with growing a

crop, although the waler balance of the soil is more
difficult to control in that case. The litterbag study re-
quires considerably less effort. The decomposition
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Figure 10. A and B. Cumulative net N mineralization per unit N
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Figure 11. Relation between C/N content of stem and leal litters

and. net mineralization per unit N in a period of 160
days.
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tubes, which were supposed to combine certain ad-
vantages of both types of approach, failed to give con-
sistent results in our case. The loss of dry weight was
slower and a depletion of soil nitrate content, in stead
of the expected accumulation, were recorded. As dis-
cussed above, these results are probably due to water-
logging in the tubes. For future measurements of this
type the installation of the tubes should be consider-
ably improved. '

Despite the weaknesses of the various methods,
results show considerable variation in decomposition
rates of the different litter types. The most rapid
decomposition was recorded for Eryrhrina prunings, in
agreement with its high N-content, the slowest for
Calliandra, despite its high N-content, and for Pel-
tophorum with a low N-content. For the leguminous
cover crops relatively rapid decomposition is in
agreement with their high N-content. Cassava and Im-
perata residues of relatively low N content had a rela-
tively slow decomposition. For Calliandra these resulis
indicate that an other factor than C/N ratio was deler-
mining the decomposition rate in the field. Palm and
Sanchez (1990) reported a high decomposition rate for
Erythrina prunings with a low content of polyphenolics
(1.0) and a slower rate for Inga and Cajanus with a
polyphenolic content of 3.4 and 3.3%, respectively. In
Nigeria Calliandra calothyrsus was found to have the
highest polyplenoloc content (5.6%) of twelve tree
species measured (Tian Guanlong, pers. comm.). Al-
though the present laboratory experiment did not indi-
cate tannin (polyphenolic) content to modify minerali-
zation rate, Calliandra was not included in that series
and further experiments are needed. Interestingly, the
combination of a high N-content and a slow decom-
position leads to both a considerable contribution to
crop N-nutrition and a large residue, adding to the or-
ganic matter content of the soil. Calliandra litter might
thus form a good compromise between the two func-
tions of litter inputs. A possible drawback, however,
of the apparent ’decomposition inhibitors’ in Cal-
liandra is that they may have allelopathic effects on
germinating food crops. Although not leading to crop
failure, in the establishment phase maize is definitely
hindered by Calliandra prunings.

Anyhow, these results show that decomposition
rates and patterns of N-release should be studied
under ficld conditions, as unexpected results can still
be found.

The results of a fractionation of soil organic matter
(Table 4) can be partly understood from the quantity
and quality of organic inputs in the various cropping
systems. Repeated measurements throughout a growing,
season, however, are necessary to understand the
dynamics of soil C and N content. The data suggest
that none of the cropping systems is able to maintain
the Corg content of forest soil.

CONCLUSION
In the litterbag and in the pot experiment, Erythrina
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prunings showed a rapid decomposition while Cal-
liandra and Peltophorum prunings showed a slow
decomposition. Intermediate rates of decomposition
were cstablished for residues of feguminous cover
crops and fallen leaves of cassava in the pot experi-
ment. In the decomposition fubes, residues of two
Calopogonium species decomposed faster than those of
Mucuna and Centrosema.

- The litterbag results showed a 'flush’ of nitrate due
to decomposing tree litters and a slow but steady in-
crease of ammonium content of the soil. The highest
peak in mineral N was found after 4 weeks in Cal-
liandra. Results for a Mucuna cover crop in between
the hedgerows, showed a high mineral N-content of
the soil at the moment that the cover crop was slashed.
Decomposing Mucuna residues resulted in a modecrate
further increase. In the pot experiment, the highest N-
mineralization was found for Calliandra prunings, fol-
lowed by a Calopogonium crop residue. Measurements
of mineral N in the decomposition tubes showed rela-
tively high mineral N-contents of the soil at the end
of the growth period of the cover crops, but showed
a subsequent decline where a further accumulation
was cxpecled, as crop uplake and leaching wcre ex-
cluded. For future studies the litterbag method in com-
bination with measurements of mineral N in the soil
scems (o be the most suitable method.
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