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Summary

This report isthe final report of the project "The Role of Plant Residues in Soil Management for
Food Production in the Humid Tropics". The project has been carried out in Nigeria and Cameroon asacollaboration between the Research Institute for Agrobiology and Soil Fertility (ABDLO, Haren,The Netherlands) and the International Institute for Tropical Agriculture (UTA,
Ibadan, Nigeria). Funding was provided by the Dutch Directorate General for International Cooperation (DGIS) under contract NG/91/852.
The general objective of the project wasto contribute to abetter understanding of processes
regulating plant residue decomposition, soil organic matter dynamics, and nutrient cycling in
relation to the sustainability of agricultural systems in the humid tropics.
The focus of the project was on:
• Decomposition and nutrient release of plant residues.
• Role of soil fauna in plant residue decomposition and nutrient cycling.
• Role of leguminous cover crops in enhancing soil organic matter content and nitrogen
availability to food crops.
• Increase of soil fertility and decrease of leaching in short fallow systems in the humid tropics.
The project started in March 1992 at the UTA High Rainfall Station in Onne in S.E.Nigeria. In
1993 experiments were conducted both at the UTA High Rainfall Station and at the UTA Humid
Forest Station in Mbalmayo in Central Cameroon. From January 1994to April 1995the project
was based at the UTA Humid Forest Station. Inthat period experiments were conducted on the
UTA research farm in Mbalmayo and on farmers' fields in Central and Southern Cameroon.
The project included both research and training.

Research
Several experiments took place in alley-cropping systems (crops planted in alleys between lines
of trees) with hedgerow tree prunings asplant residue addition.To compare the effect of contrasting quality of plant residues on the processes under study, alley-cropping systems with
Flemingia congests ashedgerow trees were compared with alley-cropping systems with Dactyladenia barteri hedgerows. Flemingia congesta isa leguminous tree specieswith foliage with a
high nitrogen content and which decomposes fast. Dactyladenia barteri has afoliage rich in
fiber which decomposes very slowly.

Decomposition and nutrient release of plant residues
In the humid tropics plant residues are applied to agricultural soilsto limit soil erosion and water loss,to supply nutrients to crops, and to maintain or increase soil organic matter content.
Generally, plant residues with high nitrogen contents are good suppliers of nutrients, but they
decompose too fast to have a positive effect on soil quality.
The decomposition of plant residues was investigated by using litterbags or littertubes in field
experiments. Mulches of tree prunings in an alley cropping system with Flemingia congesta or

Dactyladenia barteri ashedgerow species were stored in litterbags or littertubes and their decomposition was followed during six months. There appeared to be no effect of mulch quantity on the rate of decomposition.
Dactyladenia mulch decomposed slower than the Flemingia mulch, presumably due to its
originally much higher lignin content. The decomposition of plant residues isalso dependent
on the prevailing microclimate, since Flemingia mulch decomposed slower in an alley cropping
system with Flemingia asthe hedgerow species than in asystem with Dactyladenia.
It was investigated whether mixtures of plant residues with high (e.g.Flemingia and Mucuna)
and low Ncontents (e.g.Dactyladenia) are able to improve both the nutrient supply to crops
and soil quality.
The decomposition of a mixture of Flemingia and Dactyladenia foliage was about 20% slower
than when the t w o mulches decomposed seperately. The decomposition of the faster decomposing mulch (Flemingia) was thus retarded by the presence of the slower decomposing mulch
(.Dactyladenia). Although a mixture of Flemingia and Dactyladenia had a positive effect on soil
organic matter, the supply of nutrients to cropswas inadequate. A better nutrient supply and
simultaneously a positive effect on soil organic matter was obtained when Dactyladenia mulch
was mixed with Mucuna mulch. Inclusion of a N-fixing cover crop to aDactyladenia alleycropping system during aperiod of fallow could thus be an amelioration of the system.
The decomposition rate and nutrient release patterns of the fallow species Calliandra (high N
content), Akhornea (high Cacontent), Pennisetum (high Kcontent) and Chromolaena (high K
content) were determined. Chromolaena was decomposed most rapidly: after 14weeks only
36% of the original biomasswas present, ascompared to 41% for Pennisetum, 50%forCalliandra and 53%for Alchornea. There was aflush of nutrients, especially of K, during the decomposition of Chromolaena and Pennisetum, immobilization of Nfrom Calliandra, and avery
slow release of Cafrom Alchornea. It isconcluded that Chromolaena and Pennisetum mulches
should be used in short fallow systems when there isa high Kdemand of the subsequent crop.
For efficient nutrient management in short fallow systems it is recommended that in other
casesthese mulches should be mixed with more resistant mulches.
Little information exists on the contribution of roots to soil organic matter build-up and
nutrient supply to crops in the humid tropics. Experiments were conducted to determine the
decay rate of fine roots of the trees Flemingia and Dactyladenia in an alley-cropping system
and of fine roots of the leguminous cover crop Mucuna. The root-decay rate was assessed with
the "clay-pot technique".
Flemingia fine roots, which had an about three times higher Ncontent than Dactyladenia fine
roots, decomposed three times faster than Dactyladenia roots. Decomposition constant rates
were found to be 0.069 and 0.024 week ', respectively. It istherefore expected that fine roots
of Dactyladenia rather than of Flemingia contribute to soil organic matter build-up.
Mucuna fine roots decomposed and losttheir Nat an extremely fast rate.The decomposition
constant rate was 0.910 week ' .Within 20 days after placement in the field, the roots had lost
80% of their Nand dry matter. This suggests that the Ncontribution of Mucuna fine roots to a
following maize crop is insignificant.

Role of soil fauna in plant residue decomposition and nutrient
cycling
The density of earthworms, their surface cast production and the composition of surface casts
were studied in afield experiment on an acid ultisol where maize and cassava were grown as
food crops, continuously or every other year in a maize/fallow rotation, and in alley-cropping
systems with Flemingia or Dactyladenia ashedgerow trees. Notwithstanding the low pH of the
soil, more than 60 earthworms were recorded per m2.Their biomass, however, was low

(approximately 2g m2). Surface casts consisted of tubular, up to 3cm high casts of Pontoscolex
corethrurus and some other large earthworm species and small granular casts of Eudrilidae
earthworms. The standing massof castsafter 5months of activity (May -September) ranged
from 260to 570 kg ha"1.Tubular cast production between September and December dropped
from 97to 18g m2d'. The estimated amounts of C and nutrients returned to the soil surface in
casts were considerable: 750 kg C,51 kg N, 16kg Ca,2.5 kg Mg and 2kg Kha"^ yr"^ on average. It isconcluded that introduction and manipulation of earthworms, in particular during
fallow periods, could have a beneficial impact on nutrient recycling in acid ultisols."
Gut content analysis was carried out on nine species of higher termites. A hierachical classification of the species, based on gut contents, was prepared using atwo way indicator species
analysis, and suggested the following rank order of species along a hypothetical humification
gradient (soil to sound wood): Thoracotermes macrothorax; Astalotermes quietus (both soilfeeders); Termeshospes;Amalotermes phaecocephalus; Pseudacanthotermes militaris; Microtermes congoensis; Nasutitermes lujae; Microcerotermes parvus; Schedorhinotermes putorius
(all notional wood-feeders). Arthropod parts, silica and humus were identified asindicator factors.
It isproposed that wood-feeding forms can be subdivided into agroup consuming some silica
and humus (5 species: humified wood-feeders) and asecond group of sound wood-feeders (2
species).
Pianka's equations for diet breadth and diet overlap were also applied to the data. These identified Microtermes congoensis, Schedorhinotermes putorius, and Pseudacanthote; mes militaris
asthe most specialized feeders, i.e. that they can extract their nutrients from the least heterogeneous suostrates.

Role of leguminous cover crops in enhancing soil organic matter
content and nitrogen availability to food crops
The need to grow more food in the humid tropics to be able feed the ever-growing population
has resulted in adrastic shortening of the fallow period necessary to maintain soil fertility. This
urges the need to develop improved fallow systems, e.g. by using herbaceous legumes as relay
cover crops. Herbaceous legumes improve the yield of food crop through weed suppression,N^
fixation, and production of fast decomposing residues that release nutrients to the subsequent
crop.
The cover crop species Canavalia gladiata, Canavalia ensiformis, Centrosema and Mucuna were
screened for growth and nodulation on an acid ultisol under humid tropical conditions. The
species were grown for three months in PVCbuckets. Above-ground dry matter yields were in
the order: Centrosema > Canavalia gladiata = Canavalia ensiformis > Mucuna. Below-ground
biomass of Centrosema and Canavalia gladiata constituted only 16and 28% of total (above- +
below-ground) biomass, respectively, ascompared to 33 and 36% for Canavalia ensiformis and
Mucuna,respectively. Nodules constituted 8% of the total dry matter produced by M. pruriens,
4to 5% for the Canavalia spp.and only 3% in the case of Centrosema. In all cases more than
45% of the nodules actively fixed N2.
Experiments were conducted to evaluate the potential benefits of the leguminous cover crops
Mucuna and Pueraria and Dactyladenia mulch on highly degraded ultisol.
Mucuna established itself quickly, suppressed weeds, improved soil mineral Nstatus and decomposed slowly during the dry season,and therefore constituted an input of plant residues in
the next cropping season.Because of its slow decomposition, Dactyladenia leaves provided a
long-lasting mulch,which not only suppressed weeds, but also shifted weed composition from
grassesto broadleaved species.Dactyladenia mulch also improved soil exchangeable cations.
Mucuna reduced the density of weeds by 21.2%, but acombination of Mucuna with Dactyladenia mulch reduced weed density by 31.3%.The Mucuna relay cover crop succeeded in sub-

stituting low Ncontaining residues (weeds) with plant material (Mucuna) which isa better
source of Nfor the subsequent crop.The residual effect of Mucuna and Dactyladenia was an
increase of maize grain yield by 75.3 and 85.1%, respectively, while, in combination, they doubled the grain yield.These results suggest that acombination of Dactyladenia mulch and Mucuna isa more efficient form of fallow than the natural regrowth.Therefore, the inclusion of a
fast-growing herbaceous legume into Dactyladenia mulched systems,could be a promising low
input management practice for a more sustainable agriculture on the highly degraded ultisols.
Inanother field trial the residual effects of the herbaceous legume Mucuna usedasa fallow
crop on the performance of asubsequent maize crop were studied.
Maize grain yields obtained from Mucuna plots were about twice ashigh asthose on the control plots,they were about 320 and 180kg ha" 1 , respectively. It should be noted that much
higher yields could be obtained after the application of 40 kg Nha" 1 asurea. Grain yield then
amounted to about 700 kg ha" 1 .The low maize yields obtained were probably due to the low
inherent soil fertility.

Increase of soilfertility and decrease of leaching inshort fallow
systems inthe humid tropics
The potential to enhance the fertility of acid ultisols by usingAlchornea, Calliandra, Pennisetum and Chromolaena was investigated in atwo-years fallow. The specieswere evaluated for
quality and quantity of biomass production, root distribution, interaction with mycorrhizae and
earthworm activity.
Pennisetum andAlchornea produced more biomass (66.6 and 54.2 Mg ha', respectively) than
Calliandra (15.4) and Chromolaena (15.4and 9.9 Mg ha', respectively). Pennisetum produced
the highest amount of root mass.All speciesyielded sufficient biomassto maintain soil organic
matter. A high proportion of Pennisetum roots (92%) wasfound in the 20cm top soil, ascompared to Chromolaena (76%),Alchornea (74%) and Calliandra (57%). Calliandra isthus a good
option for intercropping.Alchornea and Calliandra had deeper roots and are therefore able to
recover leached nutrients.Alchornea residue was rich in Nand Ca,and Pennisetum in NandK;
most of the nutrients in Calliandra andAlchornea were recovered in the wood. Earthworm
casting activity was slightly higher under Pennisetum fallow, and mycorrhizae infested mostly
Alchornea roots.Also Pennisetum enriched the top soil in P and K, and Alchornea in P.Pennisetum and Alchornea were therefore the most promising fallow speciesto enhance soil fertility.
Since acid soils inthe humid tropics usually have a low CECand they experience a high rainfall,
there isa risk of leaching of base cations.There isno natural mechanism that can balance the
lossesof base cations. External inputs of basecations aretherefore required for sustainable
crop production on these soils.
Two hypotheses were tested in a lysimeter study: (i) Basecations applied to the soil in combination with mulch asnitrogen input are less rapidly subjected to leaching than when they are
applied with inorganic Nfertilizer, and (ii) Mulches of contrasting qualities (N and lignin content) have different effects on basecation leaching.Thetype of green manure applied on the
soil (and probably even its presence) affected little the basecation and Noutput of the soil column at 1.3 m depth.Application of inorganic Nfertilizer, in contrast, resulted in substantial
lossesof K, Ca,and Mg. Losses in basecation increase soil acidity. It isconcluded that base
cation conservation isbetter achieved with mulch than with mineral Nfertilizer. Because
leaching of Ca+ Mg isproportional to that of nitrate,the management of basecations in the
soil isintimately tied to the management of nitrogen.

Training
Two students of the Rivers State University of Science and Technology (Port Harcourt, Nigeria)
carried out the research for their Master of Soil Science degree within the framework of the
project.
A student of the Wageningen Agricultural University (The Netherlands) and astudent of the
Georg-August University in Göttingen (Germany) also performed research for their Master of
Science degree within the framework of the project.
A student of the Rivers State University of Science and Technology in Port Harcourt (Nigeria)
and astudent the University of London (UK) conducted their Bachelor of Science research with
the project.
Numerous trainees from Nigerian universities joined the project for durations varying between
three months and one year. The universities include the Federal University of Technology
(Owerri), the Rivers State University of Science and Technology (Port Harcourt), the Federal
University of Technology (Yola), the Michael Okpara College of Agriculture (Umuagwo), the
Rivers State College of Education (Port Harcourt), and the University of Jos.

1.

Introduction

The project "The Role of Plant Residues in Soil Management for Food Production inthe Humid
Tropics" has been carried out asacollaboration between the Research Institute for Agrobiology and Soil Fertility (AB-DLO, Haren) in the Netherlands and the International Institute for
Tropical Agriculture (UTA) in Nigeria and Cameroon. Funding was provided by the Dutch Directorate General for International Cooperation (DGIS) under contract NG/91/852.
Dr. Jacqueline Henrot was stationed at UTAby AB-DLO Haren from January 1992to April 1995
to execute the project. Dr. Lijbert Brussaard (currently at the Wageningen Agricultural University) and Dr. Jacques Neeteson provided the backstopping from AB-DLO.

Objectives
The general objective of the project was to contribute to a better understanding of processes
regulating plant residue decomposition, soil organic matter dynamics and nutrient cycling in
relation to the sustainability of agricultural systems in the humid tropics.
The project focused specifically on:
• Decomposition and nutrient release of plant residues.
• Role of soil fauna in plant residue decomposition and nutrient cycling.
• Role of leguminous cover crops in enhancing soil organic matter content and nitrogen
availability to food crops.
• Increase of soil fertility and decrease of leaching in short fallow systems in the humid tropics.

Research sites
The project started in March 1992at the UTA High Rainfall Station in Onne, near Port Harcourt
in S.E.Nigeria. In 1993 experiments were conducted both at the UTA High Rainfall Station and
at the HTAHumid Forest Station in Mbalmayo, near Yaoundé in Central Cameroon. FromJanuary 1994to April 1995the project was based at the UTA Humid Forest Station. In that period
experiments were conducted on the UTAresearch farm in Mbalmayo and on farmers' fields in
Central and Southern Cameroon.
The change in location was motivated by several factors:the political circumstances prevailing
at that time in Nigeria (e.g.military coup, strikes, shortage of fuel), the presence of ateam of
scientists working together on cropping systems in Cameroon (whereas research at the HRSin
Nigeria wasfocused on the genetic improvement of banana and plantain), the presence of an
analytical chemistry laboratory at the UTA Humid Forest Station (aswell as communication
facilities such astelephone, fax and electronic mail), and the opportunity to compare similar
alley-cropping systems on contrasting sites (Table 1-1 and Figure 1-1).
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Table1-1.

Characteristics of the High Rainfall Station (HRS)inOnne (Nigeria) andthe HumidForest
Station(HFS)inMbalmayo(Cameroon).
HRS

HFS

Coordinates

7°01'E, 4 ° 5 1 ' N

11°28' E,3° 25' N

Altitude

30 m

640 m

Mean annual rainfall

2.42 m, monomodal

1.53 m, bimodal

Soil

Typic Paleudult

Typic Kandiudult

pH

4.3-4.4

5.5-6.3

Cin the soil layer 0-5 cm (%)

1.6

2.3

Cin the soil layer 5-10 cm (%)

1.2

1.1

N in the soil layer 0-5 cm (%)

0.12

0.20

N in the soil layer 0-5 cm (%)

0.09

0.14

P(ug P/g soil)

4.0 -4.5

3.2

% sand (top 20 cm)

76

62

% clay (top 20 cm)

14

22

500-1

Onne -2.4 m annually

J FMAMJ J ASOND
Month

500-1

Mbalmayo -1.6 m annually

J F M A M J J A S O N D
Month

Figure 1-1. Rainfall pattern atthe UTAHigh Rainfall Station(Onne,Nigeria) andatthe UTAHumidForestStation(Mbalmayo.Cameroon).

Research
Results of the research conducted within the framework of the project "The Role of Plant
Residues in Soil Management for Food Production in the Humid Tropics" are presented in

Chapters 2-12. Chapters 2-5 deal with the decomposition and the nutrient release of residues
and roots of various plant species.The role of the soil fauna in plant residue decomposition
and nutrient cycling isdescribed in Chapters 6-7. Results on the role of leguminous cover crops
in enhancing soil organic matter content and nitrogen availability to food crops are presented
in Chapters 8-10. Finally, Chapters 11and 12deal with possibilities to increase soil fertility and
decrease leaching in short fallow systems in the humid tropics.

Training
Two African students carried out the research for their Masters in Soil Science degree within
the framework of the project: Mohammed Kuruma Hamadina from Nigeria, and Jacques Kanmegne from Cameroon. Both graduated in September 1995 from the Rivers State University of
Science and Technology in Port Harcourt, Nigeria. Mohammed Hamadina's thesis was entitled
"Effect of selected cover crops and Dactyladenia barteri mulch on Ultisol in the humid trooics".
Jacques Kanmegne's thesis was entitled "Evaluation of selected fallow plant species for enhancing soil fertility in the humid forest zone". Results of their work are included in Chapters 3-5
and 8-11.
Within the framework of the project two students from European universities executed the
research for their Master of Science degree: Ellen de Groot from the Wageningen Agricultural
University (The Netherlands) and Nakato Kidza from the Georg-August University in Göttingen
(Germany). Both their work related to the effect of earthworms on plant growth and soil properties. Ellen de Groot did her research in Nigeria while Nakato Kidza did hers in Cameroon.
Fiona Sleaford from the University of London (UK) and Elsie lie from the Rivers State University
of Science and Technology (Nigeria) conducted their Bachelor of Science researchwith the
project. Fiona Sleaford worked on the classification of taxonomically-known termites in functional groups by examination of their mandibles and gut content. Results of her work are included in Chapter 7. Elsie lie studied the effect of aMucuna pruriens crop on the performance
of asubsequent maize crop. Her work is reported in Chapter 9.
Numerous trainees from Nigerian universities joined the project for durations varying between
three months and one year: Ikejimba Stellamaris and Kate Agwu (Federal University of Technology, Owerri), Monika Barida Normakoh (University of Port Harcourt), Comfort Philemon,
(Federal University of Technology, Yola), Chinwendu Akalonu (Michael Okpara College of Agriculture,-Umuagwo), Elsie lie (Rivers State University of Science and Technology, Port Harcourt),
Gloria Chuku (Rivers State College of Education, Port Harcourt), and Carol Chioma Umesi
(University of Jos).

Collaboration with other research projects
There was ample exchange of ideas, material, and expertise between this project and those
listed below.
• "Dynamics of soil organic matter and soil fertility under different fallow and cropping systems" and the second phase "Process-based studies of soil organic matter dynamics in relation
to the sustainability of agricultural systems in the tropics", funded by the Belgian General Administration of Cooperation for Development.
Bernard Vanlauwe (IITA, Resource and Crop Management Division, Ibadan, Nigeria) and Roel
Merckx (Katholieke Universiteit te Leuven, Laboratorium voor Bodemvruchtbaarheid, Leuven,
Belgium).
• "Terrestrial Initiative in Global Environmental Research Programme" (TIGER),funded by the
Natural Environment Research Council (UK)
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rate of mulch decomposition in the field isoften difficult to forecast because of other factors,
such assoil macrofauna (Edwards and Heath, 1963) and changes in climate (drying-rewetting,
Vanlauweeta/., 1995).
This study was designed t o evaluate the importance of three factors on the decomposition of
contrasting tree foliage (hedgerow pruning) applied on the soil surface in alley-cropping systems:the accessof soil macrofauna t o the decomposing material,the micro-environment provided in the alley-cropping system (soil moisture and temperature), and the quantity of mulch
applied on the ground (1t o 8 Mg ha" 1 ).The contrasting tree foliage were that of Dactyladenia
barteri and Flemingia congesta. Dactyladenia foliage isknown to decompose at amuch slower
rate than Flemingia (Van der Kruijs etal., 1989).

Materials and methods
Experimental site and plant material
The experiments w e r e conducted int h e field, att h e High Rainfall Station of t h e International
Institute o f Tropical A g r i c u l t u r e , in Onne (4°51'N; 7°03'E), near Port Harcourt, int h e h u m i d
forest zone o f S. E.Nigeria. Rainfall a tt h e site ism o n o m o d a l w i t h a rainy season lasting f r o m
March t o December a n da mean annual rainfall o f 2.4m. Relative h u m i d i t y remains high
t h r o u g h o u t t h eyear (78t o 89 %)a n dmean annual t e m p e r a t u r e is25 °C.Thesoil o n site isa
typic Ultisol, w i t h a pHo f 4.1 a n d 1.4 % Cint h et o p 5 cm.
Experiment Iwasconducted in *lley-cropping systems established 7years earlier w i t h either
Dactyladenia barteri or Flemingia congesta ash e d g e r o w species. Thealley-cropping systems
consisted o f 5 rows o f trees o f t h e same species, separating alleys 4.5m w i d e a n d20m l o n g in
w h i c h maize andcassava w e r e p l a n t e d . They w e r e replicated 4 times in a block design. Experim e n t IIwasconducted o n aclean-weeded plot ( 9 x 5 m), outside o f t h ealley-cropping systems.
Dactyladenia a n dFlemingia leaves used in b o t h experiments w e r e collected f r o m t h e h e d g e r o w
trees. In t h ecase o f Experiment I,t h e leaves w e r e used fresh, w i t h i n adayafter collection. In
t h e case o f Experiment II,t h e leaves w e r e air-dried. Their chemical compositions aregiven in
Table 2 - 1 .
_... -

Table 2-1.

Chemical composition (in%)of Flemingia andDactyladenia mulch used in Exp.(I)and (II).

Leaves

N

Flem. (I)

2.7

lignin

K

Ça

Mçj

P

0.77

0.59

0.19

0.18

Flem.(II)

0.80

0.67

0.21

0.18

Dart. (I)

0.43

0.84

0.20

0.09

0.49

1.20

0.27

0.11

Dart.(II)

1.6

21

38
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Experiment I: Effect of soil fauna and micro-environment
Dry weight lossof Dactyladenia and Flemingia mulch was monitored from July 1992 to March
1993 using stainless-steel litterbags (0.3 x0.3 x0.02 m). Each litterbag wasfilled with an
amount of fresh leaves corresponding to 2.3 Mg ha" 1 (dry weight basis) and set in the field at
the sametime asthe hedgerow tree prunings, afew days before planting maize and cassava.
Litterbags were consistently placed between the first and the second maize row away from the
hedgerow trees (i.e., between 0.5 and 1mfrom the hedgerows). At about 10,20,40, 50 and
130days after placement, 2 litterbags of eachtreatment were randomly collected from each
alley-cropping unit. Inthe caseof Dactyladenia mulch,the collection period was extended to
210, 270,330, and 410 days after placement in the field.
The treatments consisted of acombination of plant material (Dactyladenia or Flemingia), litterbag mesh sizes,and alley-cropping systems.The effect of the micro-environment was studied
by placing litterbags containing Flemingia leaves in both Flemingia- and Dactyladenia-based
alley-cropping systems.The effect of soil macrofauna was tested by using litterbags of different
mesh sizes:0.497 mm,which restricts accessto all macrofauna, 1.99 mm,which allows entry of
the smaller macrofauna, and 6.86 mm,which allows entry of all macrofauna (e.g., earthworms,
termites, ants, and millipedes). As it was not believed that increasing the litterbag mesh size
from 2to 7 mm would affect significantly macrofauna accessto the mulch (Tian et ai, 1992),
litterbags of 7mm-mesh size were set to be collected only at 2sampling dates (40 and 50days
after placement) in order to compare the data with that from litterbags of 2mm-mesh size.

Experiment II:Effect of the quantity of leaves applied at the soil
surface
Dry weight lossof Dactyladenia and Flemingia mulch was monitored from May to September
93 using 2 mm-mesh size stainless-steel littertubes (0.2 m 0, 0.2 m high, closed at the top and
bottom by adisk of the same material). The littertubes were filled with amounts of fresh leaves
corresponding to either 1,2,4, and 8 Mg ha" 1 on adry weight basis and they were placed in
the field in acomplete random design. Littertubes rather than litterbags were used in this experiment in order to avoid compaction of the leaves at the highest application rates.To evaluate the potential difference between the litterbag and the littertube techniques, litterbags (0.3
x0.3 x0.02 m) in stainless steel of 2mm-mesh sizewere filled with 2 Mg ha'* (dry weight basis)
of either Dactyladenia or Flemingia mulch and placed in the field among the littertubes. At
about 15,30,40, 65, and 130days after placement, the contents of 5 littertubes and litterbags
of each treatment were collected.

Analytical and computational methods
The litterbag content was brushed gently to remove the excessof sand,dried at 60 °Cfor 48 h
and weighed.A subsample of the original plant material and the material collected from the
litterbags and littertubes were ground to passa0.5 mm sieve. Dry weights of the remaining
mulch were corrected for ashcontent (combustion at 550 °Cfor 6 hours). Selected samples
were analyzed for total N(Kjeldahl), fiber content (Goering and Van Soest, 1970), and Ca,Mg,
K, and P contents after acid digestion (Pby colorimetry with the molybdate blue method,Ca
and Mg by atomic absorption, Kby flame photometry). Dry weight lossconstant Kwas obtained from the equation: Yt =Y o e " ^ , where Y 0 and Yt represent residues remaining initially
and at time t (Wieder and Lang, 1982).
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The percentage of decomposition attributable to macrofauna was calculated with the formula:
((K2-Ko.5)/K2)x100, where K2and Kn.5are the decomposition rate constants for the plant material placed in the 2and 0.5 mm-mesh size litterbags, respectively. The percentage of
Flemingia decomposition attributable to the micro-environment was calculated with the formula: ((KDact.-KFIem.yKDact.) x1on . where <Dact. a n a " K Flem. are the decomposition rate constants for Flemingia leaves placed in alley-cropping systems with Dactyladenia and Flemingia as
hedgerow trees.

Results
Effect of macrofauna
Decomposition of Flemingia wasfaster in the litterbags of 2 mm size compared to 0.5 mm size,
indicating that macrofauna played asignificant role in the decomposition process (Figure 2-1 and
Table 2-2).The increase in decomposition attributable to macrofauna was 31 % in the alley-cropping systems with Flemingia ashedgerow trees and 38 % in those with Dactyladenia.
Inthe case of Dactyladenia mulch, in the 20first weeks after placement inthe field, there were no
differences in decomposition between litterbags of 0.5 or 2mm mesh-size. From about the 20th
week to the end of the experiment, however, decomposition was faster inthe litterbags allowing
macrofauna entry (Figure 2-1 and Table 2-2), and although the differences in decomposition rate
constants over the 17month period were small (0.014week " 1 in the 2mm mesh-size bagsvs.0.010
in the 0.5 mm mesh-size bags),the amounts of litter remaining at the end of the 68weeks of
observation were significantly (P=0.007) lower inthe litterbags of 2 mm-mesh size (Figure 2-1).

Table2-2.

Decomposition rateconstants K(week"') of mulches inrelationto soilmacrofaunaaccess
andalley-cropping system(Exp.I).
Mesh size of litterbags
— 2-mm

0.5 mm

Mulch

Flem. alleyst

Dact. alleys

Flem. alleys

Dact. alleys

Flemingia

0.032

0.039

0.022

0.024

Dactyladenia

0.022

0.020

Dact. (58)*

0.014

0.010

t"Flem.alleys" refersto alley-cropping systemswith Flem.ashedgerowtrees.
•Rateconstantswerecalculatedover a20week period except inthe caseof Dart.(58)wherethey were
calculatedover a58-week period.

There were no differences (P> 0.6) between the amounts of Flemingia or Dactyladenia mulch
in litterbags of 2and 7 mm mesh size,suggesting that the macrofauna affecting mulch decomposition on the site of the study was not restricted by 2mm mesh size openings.
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Figure 2-1. Effect of litterbag meshsizeandalley-croppingtypeondry matter lossesof Dactyladenia
(D)andFlemingia (F)mulches.In"FinD/0.5", "F" referstothe mulchtype (Flemingia), "D"
tothe alley-croppingsystem(Dactyladenia ashedgerowtrees),and "0.5"to the meshsize
of the litterbags.

Effect of the micro-environment
Flemingia decomposition rate (in litterbags of 2 mm mesh-size) was 18 % higher in alleycropping systems with Dactyladenia ashedgerow trees (Figure 2-1 and Table 2-2).The fact
that decomposition rate was also higher in alley-cropping systems with Dactyladenia when litterbags of 0.5 mm mesh sizewere used (Figure 2-1) indicates that the difference in decomposition rate was not due to adifference in effect of macrofauna between the t w o alleycropping systems, but to a difference in micro-environment.

Effect of the quantity of leaves applied at the soil surface
The amount of Flemingia or Dactyladenia leaves placed in the littertubes did not affect the rate
at which the mulch decomposed (Figure 2-2 and Table 2-3). Only in the caseof Flemingia, at
day 30 and 40,the proportion of dry matter lost was greater in the littertubes containing 8 Mg
ha-1 (P<0.01).
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Table 2-3.

Decomposition rate constants K(week ') of mulch application rate (Exp.II).

Application rate (Mg ha -1)

Flemingia mulch

2 (litterbag)

0.036
0.049
0.049
0.042
0.044

4
8

Dactyladenia mulch
0.020
0.024
0.027
0.026
0.025

Decomposition in littertubes and litterbags w i t h 2 M g ha" 1 of mulch proceeded overall at t h e
same rate (Table 2-3) a l t h o u g h decomposition was significantly slower (P< 0.01) in t h e litterbags w i t h Dactyladenia mulch d u r i n g t h e first 20 days in t h e f i e l d (Figure 2-1).
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Figure 2-2.

Effect of mulch quantity on dry matter lossesof Dactyladenia and Flemingia mulches.

Changes in nutrient andfiber content during decomposition
There w e r e little changes in N, Ca, and M g c o n t e n t of Dactyladenia and Flemingia d u r i n g decomposition (Table 2-4) indicating t h a t t h e release of these nutrients proceeded a t a rate similar t o t h e loss of dry m a t t e r and, t h e r e f o r e , t h a t t h e parameters affecting t h e rate of decomposition (macrofauna and micro-environment) affected similarly t h e rate of release o f these n u t r i ents. Potassium, in contrast, was released much faster t h a n t h e o t h e r plant nutrients and most
o f t h e K o f Dactyladenia and Flemingia was released w i t h i n t h e first 50 days o f decomposition
(Table 2-4).
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Lignin content of Flemingia increased by 73 % within the first 10days of decomposition, suggesting that early decomposition affected primarily compounds that were more easily broken
down (Table 2-4).Thistrend was not observed in the case of Dactyladenia.

Table 2.4.

mmt
Dactvladenia mulch
in
2
Dact. a. c.**
2
Dact.a.c.
Dact.a.c.
2
Flemingia mu Ich
in
Rem. a. c.
2
2
Flem. a. c.
2
Flem. a. c.
in
Flem. a. c.
Flem. a. c.
Flem. a. c.
in
Dact.a.c.
Dact.a.c.
Dact.a.c.
in
Dact.a.c.
Dact. a.c.
Dact. a.c.

0.5
0.5
0.5

JU

2

0.5
0.5
0.5

Changesinnutrient andfiber content during decomposition.Content isexpressedin
percentof dry weight.

davs*

\'

Ca

Mg

K

lignin

cellulose

0
10
53
130

1.6±0.0
1.6±0.1
1.6±0.0
1.7±0.1

0.8 ±0.0
1.3 ±0.2
1.5 ±0.1
1.3 ±0.2

0.20 ±0.00
0.23 ± 0.02
0.23 ± 0.02
0.21 ±0.00

0.4 ±0.0
0.4 ±0.1
0.1 ±0.0
0.1 ±0.0

38 ±2
42 ± 7
47 ± 6
44 ± 6

29 = 1
32 = 4
35 = 6
29= 6

0
10
53
130

2.9 ±0.1
3.2 ±0.1
3.7 ±1.1
3.0 ±0.4

0.6 ±0.0
0.7 ±0.1
1.4±0.9
0.8 ±0.1

0.19 ±0.00
0.25 ± 0.03
0.40 ± 0.32
0.22 ± 0.05

0.8 ±0.0
0.8 ±0.1
1.0±1.5
0.6 ± 0.7

22 ±1
37 = 0
37 ± 5
38 + 7

24 = 2
22 ±0
30 ± 5
24 = 7

0
10
53
130

2.9 ±0.1
3.1 ±0.2
3.6 ±0.4
3.1 ±0.2

0.6 ±0.0
0.8 ±0.0
0.9 ±0.1
1.1 ±0.1

0.19 ±0.00
0.25 ±0.01
0.28 ± 0.05
0.25 ± 0.02

0.83:0.0
0.5 i 0.7
0.2 ±0.1
0.7±0.5

22±1
34 ± 1
39 ± 6
42 ± 3

24 ±2
28 ± 1
26 = 6
22 ± 3

0
10
53
130

2.9 ±0.1
3.0 ±0.5
3.2 ±0.1
3.5± 0.2

0.6 + 0.0
1.0 ±0.2
1.1 ±0.0
0.9 ±0.1

0.19 ±0.00
0.25 ± 0.00
0.24 ±0.01
0.27 ± 002

0.8 ±0.0
0.4 ±0.4
0.2 3:0.0
0.2 =0.0

22± 1
42 ± 2
39 ± 6
40 ± 3

20 = 6
21 = 3

0
10
53
130

2.9 ± 0.1
3.1 ± 0.3
3.6 ± 0.3
3.2 ±0.1

0.6 ± 0.0
0.6 ±0.1
0.9 ±0.1
0.7 ±0.0

0.19± 0 00
0.30 ±0.10
0.29 ± 0.03
0.27 ±0.01

0.8 ±0.0
1.7±0.7
0.2 ±0.1
0.1 ±0.0

22 ± 1
40 ± 2
45 ± 1
40 ± 6

24 = 2
25 ± 2
21 = 1
24 = 6

24 = 2
-) 1 j _

1

t mesh-size of litterbags; * days after placemement in the field; **a.c.=alley cropping system

Discussion
Effect of macrofauna
The effect of macrofauna on Flemingia decomposition was large:31 and 38 % of the decomposition rate was attributable t o macrofauna accessto the mulch inthe Flemingia andDactyladenia alley-cropping systems, respectively. The magnitude of the macrofauna effect was
similar to that observed byTian (Tian etal., 1992) on prunings of Gliricidia sepium and
Leucaena leucocephala, maize stover and rice straw placed in acleared grassfield in S.E.Nigeria. In his study, 34, 58,36,and 32 % of the decomposition rate was attributable to macrofauna (calculated from the tabulated data). It isinteresting that the effect was similar in spite
of the large differences between the two studies: dryer macroclimate (1.2 m annual rainfall
compared to 2.4 in the present study), different soil fauna (more earthworms, (Henrot and
Brussaard, 1996)), different chemical plant compositions (e.g., 3.6, 3.6, 1.0, and 0.8 % N, respectively, vs.2.7 for Flemingia), and considerably higher decomposition rate constants (0.19,
0.15,0.13, 0.16vs.0.03 for Flemingia).
Inthe caseof Flemingia, decomposition was affected by soil macrofauna from the time decomposition started. In contrast, inthe caseof Dactyladenia, the increase of decomposition
rate by the soil macrofauna started only after bacterial and fungal decomposition had taken
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place for about 20weeks.Thisexplains the absenceof macrofauna effect observed on Dactyladenia (formerly Acioa) pruning over a 14week period by Tian etal. (1992),whereas it was 29
% over a period of 60weeks in our study.
The outstanding difference between Dactyladenia and the other mulches (Flemingia and those
used byTian) isDactyladenia's lignin content: closeto 40 % compared to 22 % for Flemingia,
about 10 % for Gliricidia and Leucaena and about 5 % for maize stover and rice straw. An hypothesis that requires further investigation: it isa high lignin content (>25 %),rather than
lignin content per seor other factors, that retards degradation of mulches by macrofauna.

Effect of micro-environment
The alley-cropping systemswith Dactyladenia provided a micro-environment where decomposition of Flemingia mulch wasfaster. In general, soil temperature (at 15cm depth) was lower
and soil water content (at 10cm depth) was higher inthe alley ; cropping with Dactyladenia as
hedgerow tree compared to those with Flemingia (Henrot and Hauser, in prep.).
The proximity of Dactyladenia mulch cannot explain the faster decomposition of Flemingia in
the Dactyladenia alley-cropping systems because when Dactyladenia and Flemingia mulches
were placed together in a litterbag (1:1Flemingia.Dactyladenia), the mixture decomposed
more slowly than predicted from the decomposition rate of Flemingia or Dactyladenia alone
(Henrot and Hamadina, 1996). Decomposition of the mixture (1:1 Flemingia.Dactyladenia) was
also influenced bythe micro-environment, its decomposition rate constant was 16 % higher in
the alley-cropping systemswith Dactyladenia than inthose with Flemingia (Henrot and Hamadina, 1996).
Knowledge about the effect of mesofauna (<2mm in size) on decomposition istoo scanty to
debate if differences in mesofauna between the 2alley-cropping systemscould explain the
faster decomposition rate in the Dactyladenia alley-cropping, however microarthropod densities have been found to be very similar below different types of mulch, including Dactyladenia,
on an Alfisol in S.W. Nigeria (Badejo etal., 1995).

Effect of the quantity of leaves applied at the soil surface on decomposition rate
Visual observations in the field had suggested that decomposition occurred at afaster rate
when only athin layer of leaves was present on the soil surface,which could have been explained by a better contact between the leavesand the soil. Experiment II, however, demonstrated that it was not the case:even if in the early stage of decomposition there was a slightly
higher decomposition rate of Flemingia at the higher application rate (suggesting that thin
layers of leaves might be subject to more desiccation and a retarded decomposition), the effect
disappeared after 6weeks and overall,the quantity of leaves present at the soil surface did not
affect the rate at which the leaves decomposed.
Thefact that no differences were observed between the decomposition rates in litterbags and
littertubes with 2mm mesh-size (Figure 2-2 and Table 2-3) indicates that the micro-environment in the t w o devices were similar. The effect of macrofauna on mulch decomposition can
be large (30to 40 %) and should be taken into account in the predictions of mulches decomposition rates for given field conditions.What determines the magnitude of the macrofauna
effect isnot clear but avery high lignin content (> 25 %) could be responsible for the retardation of mulch decomposition by macrofauna. More research isneeded on that aspect.
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Conclusions
Micro-environment (temperature and moisture at the soil surface) can have a pronounced effect on decomposition rate. Because differences in micro-environment are not easily described
by a parameter, they are difficult to useto predict decomposition rate of agiven mulch ina
given environment. They participate, therefore, to the inherent error of the Kvalues.
Decomposition rate constants are not affected by the quantity of mulch added at the soil surface.
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3.

DECOMPOSITION OF MIXTURES OF FOLIAGE
OFCONTRASTING QUALITY IN THE HUMID
TROPICS

J. Henrot and M.K. Hamadina

Abstract
Inthe humid tropics plant residues are applied to agricultural soilsto limit soil erosion and water loss,to supply nutrients to crops, and to maintain or increase soil organic matter content.
Generally, plant residues with high nitrogen contents are good suppliers of nutrients, but they
decompose too fast to have a positive effect on soil quality. Inthis chapter it is investigated
whether mixtures of plant residues with high and low Ncontents are able to contribute to
both the nutrient supply to crops and improvement of soil quality. Inafield experiment the
decomposition of a mixture of prunings of the trees Dactyladenia (low Ncontent, slow decomposition rate) and Flemingia (high Ncontent, high decomposition rate) and of a mixture of
Dactyladenia and residues of the cover crop Mucuna (high Ncontent, very high decomposition
rate) has been studied.
Decomposition of the mixture of Flemingia and Dactyladenia foliage was about 20 % slower
than what could be predicted if the two mulches decomposed without affecting one another.
Decomposition of the faster decomposing mulch (Flemingia) was therefore delayed by the
presence of the slower decomposing mulch (Dactyladenia). It isconcluded that this delay may
cause an inadequate supply of nutrients to crops.
Mucuna mulch decomposed faster than that of Dactyladenia mulch and the decomposition of
their mixture was intermediate. Mucuna mulch decomposed at arate which was4 times faster
than that of Dactyladenia mulch and 1.5times faster than the mixture of Dactyladenia: Mucuna. Inclusion of a N-fixing cover crop to a Dactyladenia alley-cropping system during a period
of fallow could thus be an amelioration of the system,although aeven more retarded decomposition and Nrelease from Mucuna inthe Dactyladenia.Mucuna mixture would have been
preferable.

Keywords: humid tropics, decomposition, plant residues mixtures, nutrient supply, Dactyladenia, Flemingia, Mucuna

Introduction
In agricultural fields of the humid tropics, organic mulch isusedto fulfill different purposes: (1)
to provide asoil cover that limits erosion and soil water losses,(2)to supply nutrients to the
growing crops during its decomposition, and (3)to increase soil organic matter content. Plant
materials that can be used asmulch vary wildly in nutrient contents and decomposition rates.
Because decomposition rate ispositively correlated with Ncontent (Melillo etal., 1982), mulch
that would be good suppliers of Nare decomposing too fast to have a long-term effect on (1)
and (3).Often, they are also decomposing too fast to release their Ncontent in synchrony with
crop demand and large amounts of the Nreleased by the mulch is leached rather than taken
up by the crop. In contrast, mulches that are low in nutrients and high in fiber decompose
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slowly and fulfill purpose (1) and probably aswell purpose (3).Since a mulch material fulfilling
all 3 purposes at once isdifficult to find, applying mixtures of mulches rather than a single
mulch could provide aattractive combination.
In S.E.Nigeria, alley-cropping systems have been developed with some success (Gichuru etal.,
1990).They consist of rows of trees between which crops are planted.The trees are pruned
regularly and their pruning isapplied assurface mulch.Two tree species are particularly suited
ashedgerows: Dactyladenia barteri, a Euphorbiaceae with low Ncontent (Table 3-1) and very
slow foliage decomposition rate (0.022 week" 1 ) and Flemingia congesta, aLeguminosae, with
1.5 times the Ncontent of Dactyladenia and amuch faster foliage decomposition rate (0.039
week" 1 ). A single alley-cropping system combining the two tree species might be an improvement over the current systems.
Another alternative to bring Nfixed from the atmosphere in an alley-cropping system with
Dactyladenia ashedgerow tree isto grow a leguminous cover crop (e.g., Mucuna pruriens var.
utilis) inthe alleys during a period of fallow.
The purpose of this study was to determine if a 1:1 mixture of Dactyladenia.Flemingia mulch or
a 1:1 mixture of Dactyladenia.Mucuna mulch decompose and release their nutrients ascould be
predicted from the individual decomposition and nutrient release rates of their components.

Materials and methods
The experiment was conducted at the High Rainfall Station of the Institute for Tropical Agriculture, in Onne (4° 51 'N; 7°03'E), near Port Harcourt, in the humid forest zone of S.E.Nigeria.
Rainfall at the site ismonomodal with arainy season lasting from March to December and a
mean annual rainfall of 2.4 m. Relative humidity remains high throughout the year (78to 89
%) and mean annual temperature is25 °C.
Dry weight lossof Dactyladenia, Flemingia and a 1:1 mixture of Flemingia.Dactyladenia leaves
(chemical composition inTable 3-1) was monitored from July 1992to March 1993 using stainless-steel litterbags (0.3 x0.3 x0.02 m) of 2 mm mesh-size.The litterbags were filled with an
amount of fresh leaves corresponding to 2.3 Mg ha" 1 (dry weight basis) and placed in alleycropping systemsjestablished 7years earlier with either Dactyladenia barteri or Flemingia congesta ashedgerow species.The alley-cropping systems consisted of 5rows of trees of the same
species,separating alleys 4.5 mwide and 20 m long inwhich maize and cassava were planted.
They were replicated 4 times in a block design.The litterbags were placed in the field at the
sametime asthe hedgerow tree prunings, afew days before planting maize and cassava. At
about 10, 20,40, 50 and 130daysafter placement, 2 litterbags of eachtreatment were randomly collected from each alley-cropping unit.
Dry weight lossof Dactyladenia, Mucuna and a 1:1 mixture of Dactyladenia.Mucuna leaves
(chemical composition inTable 3-3) was monitored from June 1994to September 1994 using
the same stainless-steel litterbags asdescribed above.The litterbags were filled with 45 g of dry
leaves (corresponding to 5.0 Mg ha" 1 ) and placed in aweeded open field. At 5, 10,20,30,45,
60, and 90days after placement, 3 litterbags of eachtreatment were randomly collected.
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Table 3-1.

Days*

Changesinnutrient andfiber content during decomposition.Content isexpressedin
percent of dry weight.
Ca

Mg

K

Lignin

Cellulose

1.6 ±0.0

0.8 ±0.0

0.20 ± 0.00

0.4 ±0.0

38 ± 2

29 ± 1

0.23 ±0.02

N

Dactyladenia mulch
0
10

1.6± 0.1

1.3 ±0.2

0.4 ±0.1

42 ± 7

32 ± 4

53

1.6 ±0.0

1.5 ± 0.1

0.23 ±0.02

0.1 ±0.0

47 ± 6

35 ± 6

130

1.7 ± 0.1

1.3 ±0.2

0.21 ±0.00

0.1 ±0.0

44±6

29 ± 6

2.9 ±0.1

0.6 ±0.0

0.19 ±0.00

0.8 ±0.0

22 ± 1

24 ± 2

Flemingia mulch
0
10

3.0 ±0.5

1.0 ±0.2

0.25 ± 0.00

0.4 ± 0.4

42 ± 2

21 ± 2

53

3.2 ±0.1

1.1 ±0.0

0.24 ±0.01

0.2 ±0.0

39 ± 6

20 ± 6

130

3.5 ±0.2

0.9 ±0.1

0.27 ±0.02

0.2 ±0.0

40 ± 3

21 ± 3

2.2

0.7

0.20

0.6

30

26

Mixture 1:1 Dact.:Flem.
0
10

2.3 ±0.1

0.7 ±0.0

0.23 ±0.01

0.6 ±0.1

34± 1

25 ± 1

53

2.4 ±0.1

0.9 ±0.0

0.25 ± 0.02

0.2 ±0.1

43 ± 3

21 ± 3

130

2.5 ±0.2

0.9 ±0.0

0.23 ± 0.02

0.1 ±0.0

48 ± 6

22 ± 6

0.6

30

26

Predicted for 1:1 mixture Dact.:Flem.
0

2.2

0.7

0.20

10

2.3

0.9

0.26

1.0

41

28

53

2.6

1.2

0.26

0.2

46

28

130

2.5

1.0

0.24

0.1

44

26

Daysafter placement inthefield

The litterbag contents were brushed gently to removed the excess of sand,dried at 60 °Cfor 48
h and weighed. A subsample of the original plant material and the material collected from the
littërbags were ground to passa0.5 mm sieve. Dry weights of the remaining mulch were corrected for ashcontent (combustion at 550 °Cfor 6 hours). Selected samples were analyzed for
total N(Kjeldahl), fiber content (Goering and Van Soest, 1970), and Ca Mg Kand Pcontents
after acid digestion (Pby colorimetry with the molybdate blue method, Caand Mg by atomic
absorption, Kby flame photometry). Dry weight lossconstant Kwere obtained from the equation: Yt = Yoe'^t, where Yo and Yt represent residues remaining initially and at time t (Wieder
and Lang, 1982).

Results and discussion
Decomposition of the mixture of Flemingia and Dactyladenia foliage was about 20 % slower
than what could be predicted if the two mulches decomposed without affecting one another
(Table 3-2 and Figure 3-1). Decomposition of the faster decomposing mulch (Flemingia, richer
in N)was therefore delayed bythe presence of the slower decomposing mulch (Dactyladenia).
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Table3-2.

Decomposition rateconstants K(week')of FlemingiaandDactyladenia mulchesandofa
1:1 mixture of Flemingia andDactyladenia.

Mulch

Placement in
Dart, alleys

Flem. alleys
0.032
Flemingia
n.r.
Dactyladenia
0.021
Mixture 1:1 Flem.:Dact. (observed)
0.026
Mixture 1:1 Flem.:Dact.(calculated)t
tcalculated assumingindependent decomposition of Flem.andDart.

0.039
0.022
0.025
0.030

1001

|k

in Dact. allev-cropping

in Flem. allev-cropping
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Figure3-1. Decomposition of mulchesof Dactyladenia, Flemingia andof a 1:1 Dactyladenia.Flemingia
mixture.Thelitterbagswere placedinalley-cropping systemswith either Dactyladenia or
Flemingiaashedgerow trees. "Pred.Mixture" referstothe predicted decomposition of the
mixture if FlemingiaandDactyladenia mulchesdecomposed independently.

The effect of intimately mixing 2mulches of contrasting quality isdistinct from the effect of
the micro-environment on the decomposition of a given mulch type. If Flemingia mulch is
mixed intimately with Dactyladenia mulch, it decomposes more slowly than alone but if it is
placed in alley-cropping systems with Dactyladenia ashedgerow trees, it decomposes faster
than in systems with Flemingia ashedgerow trees. Both the Flemingia mulch and the 1:1
Flemingia.Dactyladenia mixture decomposed faster in alley-cropping systemswith Dactyladenia
ashedgerow trees than in alley-cropping systems with Flemingia ashedgerow trees (Figure3-1,
Table 3-2).This can be explained by the higher humidity and lower temperature in the systems
with Dactyladenia trees compared to those with Flemingia (Henrot and Hauser (in prep.); Henrot and Brussaard, 1996).
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The changes in nutrient content of the mixture during decomposition isnot far from the predicted values if Dactyladenia and Flemingia decomposed without interacting with one another
(Table 3-1). Lignin content, in contrast, had adifferent dynamics than the predicted mixture
and cellulose had aconsistently lower content in the mixture (Table 3-1).
Mucuna mulch decomposed faster than that of Dactyladenia mulch and the decomposition of
their mixture (1:1) was intermediate (Figure 3-2). Over the study period (90 days), <40 % of the
original Mucuna mulch and > 60 % of the Dactyladenia mulch remained undecomposed, compared to about 50 % of the 1:1 mixture of Dactyladenia.Mucuna. Mucuna mulch decomposed
at a rate which was 4times faster than that of Dactyladenia mulch and 1.5times faster than a
1:1 mixture of Dactyladenia: Mucuna (Table 3-3).

Table 3-3.

Composition,decomposition andNreleaseconstantsK(week')of Mucuna, Dactyladenia
anda 1:1 mixture of Mucuna and Dactyladenia.
N(%)

Lignin (%)

C:N

DecompositionK

N-release K
0.093
0.081
0.055

Mucuna

2.06

18.1

17.6

0.175

Dactyladenia

1.77

25.5

22.4

0.040

Mixture 1:1

1.87

21.8

21.4

0.069

100Q

-•—

Dactyladenia
—•—

—D—

Mucuna

Mixture

- - X - - Prod. Mixture

20

40

60

80

100

120

140

Days after placement in the field

Figure3-2. Decomposition of mulchesof Dactyladenia, Mucunaandof a1:1 Dactyladenia.Mucuna
mixture. "Pred.Mixture" referstothe predicted decomposition ofthe mixture ifDactyladeniaandMucunamulchesdecomposed independently.
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Figure3-3. Nitrogen releasefrom mulchesof Dactyladenia,Mucunaandof a1:1Dactyladenia: Mucunamixture.Preci.Mixture referstothe presided Nreleaseofthe mixture ifDactyladenia
andMucunadecomposed independently

The release of Nfrom the decomposing shoots followed apattern similar to their dry weight
loss (Figure 3-3). However, Nrelease was preceeded by an immobilization of Nduring the first
week of decomposition. More than 50 % of N in Mucuna mulch and <20 % of Nin Dactyladenia mulch were released within the first 30 days,whereas their mixture lost about 30 % of their
initial Nin the sameperiod.
The predicted curvesfor the 1:1 mixture were calculated assuming independent decomposition
of the t w o mulches.The predicted decomposition and Nrelease Kfor the 1:1 mixture did not
differ from the observed one, indicating that mixing the two residues did not affect their decomposition rate.
It was hypothesized that mixtures of mulch of fast and slow decomposition rates may mineralize Nslowly at first then rapidly later (Swift, 1987) becausethe N released bythe fast decomposing mulch would be initially immobilized by the slow decomposing mulch. Field studies,
however, have shown that mulch mixtures follow avariety of patterns: either the one described above (Myers etal., 1994,data of Bandara and Anderson:mixture of straw and Gliricidia), or an increased decomposition and Nmineralization compared to the values calculated
on the assumption that no interaction occurred between the mulches during decomposition
(Williams and Alexander, 1990, using Sitka spruce and Scots pine litter), or no interaction between the mixture components {Mucuna pruriens shoots and Dactyladenia barteri leaves, this
study), or a retarded decomposition and N release over an extended period of time (4 months,
this study).
This experiment contributes to the growing evidence that the decomposition and N-release
patterns of mixtures are varied and that, unlessthe mechanisms regulating them are understood, they are not predictable.
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Inthe case of the alley-cropping systems with Flemingia and Dactyladenia, the prolonged retardation on Flemingia decomposition induced by the contact with Dactyladenia mulch isnot a
desirable effect. Flemingia decomposition and Nrelease isalready much slower than that of
most legumes (K decomp. =0.03 week"^ compared to 0.10 or above for most legumes) and
should not be decreased in order to provide adequate Nsupply to the crops.Addition of a Infixing cover crop to the Dactyladenia alley-cropping system during a period of fallow, on the
other hand,could be an amelioration of the system, although one would have wished, in this
case, a retarded decomposition and Nrelease from Mucuna in the Dactyladenia.Mucuna mixture.
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4.

DECOMPOSITION AND NUTRIENT RELEASE
FROM RESIDUES OF CALLIANDRA CALOTHYRSUS, ALCHORNEA CORDIFOLIA,
PENNISETUM PURPUREUM AND
CHROMOLAENA ODORATA

J. Kanmegne, B. Duguma, J.Henrot and N.O. Isirimah

Abstract
The decomposition rate and nutrient release patterns of four fallow species, Calliandra calothyrsus, Alchomea cordifolia, Pennisetum purpureum and Chromolaena odorata were assessed.Pennisetum and Chromolaena had more K, Alchomea more Caand Calliandra more N.
Chromolaena decomposes fast, only 36 % of the biomass remained after 14weeks, compared
to 41 % for Pennisetum, 50 % for Calliandra and 53 % for Alchomea. There was aflush of nutrients, especially K, during the decomposition of Chromolaena and Pennisetum, immobilization of Nfrom Calliandra and avery slow release of Cafrom Alchomea. It istherefore suggested that Chromolaena and Pennisetum mulches should be used during high Kdemand periods, or enriched with long lasting residues for efficient nutrient management in short fallow
systems.
Keywords: humid tropics, fallow, decomposition, Calliandra, Alchomea, Pennisetum, Chromolaena

Introduction
Bush fallowing isthe traditional way to maintain soil fertility and reduce proliferation of
weeds, pests and diseases (Sanchez, 1976). During the fallow period, nutrients are taken up by
the vegetation from various depths of soil, and stored in the biomass,then returned to the surface soil through litterfall, root decomposition, and root exudates or residue decomposition
after slashing (Webster and Wilson 1987).The role of plant residues in regenerating soil nutrient and ameliorating soil fertility iswell known, but little information isavailable on the role of
dominant fallow speciesoccurring in short fallows of the humid tropics.The increased diversity
of the fallow species leadsto awide range of litter quality, decomposition rates, and nutrient
release patterns.This study is initiated to evaluate the contribution of four dominant short fallow species of the humid forest to nutrient cycling and soil fertility restoration. It ishoped to
provide information in synchronizing the period of specific nutrient release with optimum requirement of the food crop during the following cropping phase.
The decomposition rate is known to be influenced by a number of factors including the macroclimate, the nature and type of soil organisms involved inthe process,and the quality of the
decomposing material. Litter quality isdefined asthe chemical composition, including concentrations of chemical elements and of various organic compounds. The mass lossweight iscontrolled by the nitrogen content (Muller et al., 1988;Janzen and Kucey, 1988; Melillo et ai,
1982) and the C/Nratio of the decomposing material (Bary etal., 1989).The microorganisms
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involved in the litter decomposition depend largely on the original nitrogen content of the
decomposing tissues for their survival.When the Nreserve isexhausted, lignin becomes an important plant component influencing the decomposition rate (Melillo etal., 1982;Laishram and
Yadava, 1988).Wieder and Lang (1982) and Baryetal. (1989) reported that high C/Nratio indicatesthe relatively greater recalcitrant fractions (cellulose, fats,waxes, and tannins) which are
lost at a relatively low rate. Its effects are similar to those of polyphenols, that form complex
structures by bridging with N-containing groups or act astanning agents capable of preserving
proteins from rapid decomposition, or by slowing the activity of organisms and enzymes (Palm
and Sanchez, 1991). Lignin also interferes with the enzymatic degradation of carbohydrates
and proteins (Alexander, 1977; Mellilo etal., 1982).
During decomposition, soluble compounds suchassugar, starch, and proteins decompose rapidly during the first four weeks, while more recalcitrant material are lost at relatively slower
rate (Wieder and Lang, 1982). Different patterns of release of mineral nutrient have been devised. N, P,and Mg parallel the weight loss,Kisreleased more quickly and Camore slowly than
others (Swift, 1986).Singh and Shekhar,(1989) observed a K-P-N mobility serieswhere Kis the
readily released element and Nthe least mobile.Although atemporary increase in the absolute
quantity of nitrogen and phosphorus relative to the amount originally present can be observed
during decomposition, the absolute stock of all nutrient decrease during decomposition period
due to the overriding influence of greater weight loss (Singh and Shekhar, 1989).Then if the
recycling of plant nutrient in short fallow systems can be achieved using leaf litter of dominant
species assource of nutrients, the knowledge of the quality of plant residue and the process of
its decomposition isnecessary for efficient nutrient management in the short fallow system.

Materials and methods
Studysite
The experiment was conducted in 1994during the first rainy season (April-September), in
Minkoameyos-Yaounde in Central Cameroon S ^ V - B ^ ' Nand 11°25'-11 0 27' E,700 m above
sea level.The rainfall pattern of the area isbimodal, with peak in May and October. The mean
annual rainfall is 1600 m,with 80 % mean annual relative humidity and 23.5°C mean annual
temperature. The soil isan Ultisol with pH between 5and 6,an AI saturation of lessthan 40 %
in the top 15cm.The essentials of soil characteristics are summarized in Table 4-1.
Table4-1.

Characteristicsoftwo yearsfallow soil inthe humidforest zoneofCameroon.
Soil layers (cm)

Soil properties

0-5

0-15

15-30

pH (water)

6.3

6.2

5.7

pH (BaCI2)

5.6

5.6

5.1

Ca (meq/100g)

9.60

7.05

3.63

total N (%)

0.228

0.179

0.131

avail. P(ppm)

11.23

LSD
0.9
ns
5.70
0.065
ns

5.58

4.11

0.152

0.092

0.102

3.37

2.14

1.43

0.89

2.63

1.76

1.08

1.21

K(meq/100g)

0.248

org. C (%)
Mg (meq/100g)

