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 Abstract

 The time for half of the total oxidizable carbon to be converted into C02 and other gaseous products
 (t1/2) was studied for five tree species used in agroforestry. The study was conducted in a perfusion
 system with continuous aeration, and moisture content maintained at field capacity. This method was
 found to be suitable for studies of the initial stages of tree foliage decomposition. The overall rate was
 in the decreasing order: Leucaena > Calhandra > Gliricidia > Prosopis > Cassia. Decomposition started
 rapidly and then decreased rapidly for 2 to 3 weeks followed by a gradual decrease which continued for
 the remainder of the time.

 The time for 50 per cent of total oxidizable carbon to decompose was about 19 days for Leucaena, 30
 days for Calhandra and Gliricidia, while Prosopis and Cassia took more than 30 days. Leucaena
 released the largest quantity of total N into the perfusing solution while Cassia gave the lowest amount.

 Introduction

 Knowledge of decomposition rates and patterns
 of release of nitrogen in mixed agroecosystems is
 important for management purposes, particularly
 for woody species, if best use is to be made of
 them as sources of N in alley cropping. The rate
 of decomposition of plant material depends to a
 large extent on the chemical composition of the
 tissues. In this regard, the ratio of C:N has been
 noted to be of critical importance in determining
 the rate of mineralization. The low C:N ratio of

 most woody legumes enables them to decompose
 rapidly, thereby serving as efficient sources of
 nitrogen when used as green manures. By con-
 trast, a high C:N ratio is associated with slow
 decay. Therefore, the relationship between de-
 composition and C:N ratio has been used fre-
 quently as a convenient means of predicting the
 rate of decomposition.

 Most tropical soils are deficient in N. Use of
 nitrogen fertilizer in the tropics is limited be-

 cause it is scarce and expensive. To solve the
 problem of declining food production per unit
 area, closer integration of trees into tropical crop
 production systems, particularly woody legumes
 with high capacity for N2 fixation, is necessary.
 In this regard, alley cropping (hedgerow inter-
 cropping) has been found to be technically feas-
 ible and viable as an alternative N source for

 resource-poor farmers.
 Few studies have been carried out to critically

 examine the rate of decomposition of woody
 species currently used in alley-cropping systems,
 thus justifying an evaluation of a wide range of
 potential trees and shrubs for alley cropping on
 the basis of their rate of decomposition and N
 release.

 Materials and methods

 The experiment was set up to investigate the
 rates of decomposition of Leucaena leuco-
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 cephala , Calliandra calothyrsus , Gliricidia
 sepium , Cassia siamea and Prosopis juliflora
 foliage when used as sources of green manure,
 and also to determine the potential rate of re-
 lease of nitrogen from decomposing foliage. The
 perfusion apparatus used in this experiment is
 illustrated in Figure 1. A perfusion method was
 chosen for this study after taking into considera-
 tion the extent to which it fulfills the require-
 ments for a decomposition study. Some of the
 principal advantages are: Solution content is con-
 stant and homogeneously distributed; drainage
 and aeration are maximized and waterlogging
 minimized; ionic equilibrium between the sub-
 strate and perfusion solution is rapidly estab-
 lished and is thereafter undisturbed by factors
 other than metabolic changes; the substrate is
 isolated from atmospheric contamination; gas in-
 flow and outflow as well as gaseous products can
 be measured; and finally, external temperature

 Fig. 1. Perfusion apparatus.

 variations found under field conditions can be

 minimized. As a result of these factors, the
 perfusion method was found to be suitable for
 maximizing the efficiency required in decomposi-
 tion investigations. It works on the principles of
 simulating optimum field conditions required for
 the decomposition of organic matter. This is
 achieved by maintaining a continuous aeration
 with C02 produced by microbial respiration.

 The perfusion method comprises the following
 main components: sample column, solution sam-
 pling device, reservoir for collecting and mixing
 perfusate before recirculation, and an adequate
 air flow rate to provide enough suction pressure
 for recirculating the solution. The details con-
 cerning each component and the general princi-
 ples are discussed by Tester et al. (1977),
 Nyamai (1987) and Watt-Symrk (1981).

 The experiment was run for 45 days including
 the preliminary operational checks. The rates of
 decomposition of the different green manures
 were determined by comparing the rates at
 which they released C02. The concentration of
 total N(NH4 and NO3 ) in the circulating solu-
 tion was monitored regularly using the Micro-
 Kjeldahl method modified to include nitrate fol-
 lowed by analysis with an Auto-analyser so that
 the rates of release of N from the decomposing
 foliage of the different species could be de-
 termined and compared. The pH of the perfu-
 sion solution was measured using a combined
 electrode method. The techniques, including the
 routine procedure used to run the experiment,
 are briefly described below.

 About 30 g fresh material (approximately 10 g
 dry material) of each type of foliage and twigs
 was weighed. The samples were put in the col-
 umn of the perfusion apparatus and retained in
 the sleeve by nylon mesh secured with rubber
 adhesive. The reservoir was then filled with

 250 mL of 0.005 M calcium chloride solution, a

 concentration aimed at simulating a soil solution.
 Carbon dioxide produced by microbial respira-
 tion was estimated daily by titrating the barium
 hydroxide solution (0.05 M ) in the absorption
 bottles against HCl (0.10 M). The rate of C02
 production was used to describe the rate of
 foliage decomposition. C02-free air was pro-
 vided to enable measurement of the amounts of

 C02 produced by microbial respiration from the
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 decomposing foliage of the different species. The
 rate of flow of the incoming CO 2 -free air was
 standardized in each treatment in this experi-
 ment by counting the air bubbles. The air flow
 rate was measured daily in order to check for
 leaks, reduction in C02-free air pressure, or
 blockage of capillary columns. If blockage
 occurred (as happened in the Cassia treatment),
 porosity was increased with glass beads to facili-
 tate drainage.

 The perfusion solution flow rate was approxi-
 mately 5mLh_1, which is equivalent to about
 12 cm of rainfall per day. Although this rate was
 extremely high compared with the actual rainfall
 in the field, it was applied in order to guarantee
 the minimum air pressure required for continu-
 ous circulation of the solution.

 A thermostatically controlled heater was in-
 stalled to maintain the ambient temperature of
 the chamber at 25°C. Insulation and provision
 for heating were necessary, as a controlled tem-
 perature room was not available.

 Results of the preliminary trials confirmed that
 the perfusion apparatus for investigating foliage
 decomposition was suitable and indicated the
 levels of soluble N compounds and C02 produc-
 tion to be expected in subsequent work. One
 perfusion experiment was run for a period of up
 to 30 days, using the foliage and twigs of differ-
 ent tree species, as already mentioned.

 Experimental treatments

 The experiment was carried out during June and
 July, 1986. The trees used in the experiment
 were raised in a greenhouse of the University of
 Oxford (UK) Field Station. The N- and C02
 productions were monitored, and the perfused
 foliage analysed for total N and organic C at the
 beginning and end of the experiment. C02 re-
 leased during degradation of foliage in the con-
 tinuously recirculated system was measured
 daily. The amount of N released and pH were
 measured at five-day intervals.

 During the initial stages of the experiment,
 C02 measurement was carried out three times a
 day for most tree species, as initial decomposi-
 tion rates were very high. This continued for at
 least one week. The frequency of C02 measure-
 ment was then reduced to twice a day for six

 days, and to once a day for the remainder of the
 experiment.

 Preparation of green manures for the perfusion
 column

 Foliage consisting of young twigs of all species
 (with the exception of Cassia, in which the
 foliage was first dried and then ground into
 powder) were chopped into small pieces and put
 in plastic pots in the open air at about 20°C.
 Five-mL volumes of soil solution containing in-
 oculum were added to the partially wet leaves in
 an attempt to ensure sufficient soil microbial
 activity without adding the soil itself.

 The experiment was not replicated due to a
 shortage of apparatus and space. Figure 1 illus-
 trates the positioning of the samples in the perfu-
 sion column (position la).

 Calculations

 Because the CaCl2 solution used in this experi-
 ment was continuously recirculated, the concen-
 trations (C) of soluble nitrogen compounds
 (NH4 and NO^) in a solution volume (V) were
 assumed to have remained constant, assuming
 the balance between loss and uptake by micro-
 organisms to be negligible. If decomposition did
 take place and N compounds were released from
 the decomposing foliage, then the rate of release
 (r) was assumed to be:

 r=V(dc/dt)

 One basic assumption with this equation is
 that solution volume and concentration remained

 constant, although regular sampling reduced the
 original volume and N compounds concentra-
 tions very slightly. It is also assumed that there
 was no denitrification within the 5-day sampling
 intervals. This implies, therefore, that cautious
 interpretation of the results is necessary.

 The rate of decomposition can be expressed as
 the percentage of carbon (C) in the original
 material which decomposed to C02 during a
 stated period of time (t days), and can be calcu-
 lated as follows:

 % decomposition = %C converted to C02
 = 100(Ct/C)
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 in which

 Ct = the quantity of carbon in the
 original mixtures which was converted
 to C02 after time t, and

 C = initial quantity of carbon in the
 foliage as determined with the
 Walkey-Black method (Black, 1965).

 Results

 Decomposition of the different materials

 Figure 2 indicates that the initial decomposition
 rates were generally high and increased to a
 maximum over a period varying from 5 to 9 days
 before decreasing rapidly. The pattern of decom-

 position depended on the tree species. Leucaena
 had the highest initial rate and most rapid de-
 crease. Cassia decomposed most slowly and
 there was little difference between Gliricidia and

 Calhandra. Prosopis had a slower rate of decom-
 position than Calhandra and Gliricidia.

 Table 1 shows the estimated quantities of or-
 ganic C in the foliage at the beginning and end of
 the experiment as well as the percentages of
 oxidizable material originally present that were
 converted to C02. Calculations based on the
 time course of decomposition indicate t1/2 as
 follows: Leucaena: 19; Calhandra and Gliricidia:
 30; Prosopis: 40; and Cassia: 50. The results
 (Fig. 2) indicate that among the trees tested,
 Leucaena manure contained the largest quantity
 of readily degradable organic matter in the ex-
 perimental conditions (low C:N which is about
 4:1) as shown in Table 3.

 Fig. 2. Carbon dioxide produced during decomposition of foliage.
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 Table 1. Estimated organic carbon percentages in the foliage at the beginning and end of the experiment, and the percentages C
 converted into C02 after 30 days

 Type of foliage % C at day 0 % C left at day 30 % C converted into C02
 (tree species)

 Leucaena 20.1 9.0 55.0

 Calhandra 23.1 11.8 49.0

 Gliricadia 21.3 11.0 48.5

 Prosopis 22.6 13.5 40.0
 Cassia 24.9 16.4 34.0

 Soluble N compounds

 The concentration of N compounds released
 from the decomposing manures into solution sig-
 nificantly increased with time depending on the
 type of manure (Table 2). As in C02 release,
 Leucaena released its N compounds most quick-
 ly, while Cassia was the slowest. N percentages
 in the different foliage at the beginning and end
 of the experiment are shown in Table 3. The
 results show that approximately 70 per cent of
 total N was released into solution from Leucaena

 foliage, compared with 35 per cent of Cassia
 which released the lowest amount of N.

 Gliricidia, Calhandra and Prosopis each released
 60 per cent of total N.

 Discussion

 It is evident that Leucaena manure had the

 highest overall decomposition rate. In this study,
 the half-life of Leucaena manure as extrapolated
 from Figure 2, is 19 days. The half-life obtained
 in the field in a similar study conducted by the
 author in 1987 was about 25 days. The differ-
 ences in the results are of course due to the fact

 that the experimental conditions were different.
 The other species, with the exception of Cassia
 siamea , were not tested in the field and are
 therefore not compared. The results obtained in
 the perfusion experiment for Cassia decomposi-
 tion show no difference with those obtained in

 the field. However, under the present ex-

 Table 2. Nitrogen concentration (mgL *) in the perfusion solution over time

 Day Leucaena Calhandra Gliricidia Prosopis Cassia

 1 230 215 238 225 176
 5 375 340 365 320 265

 10 445 400 400 370 285
 15 445 405 435 400 285
 20 490 425 455 405 295
 25 520 435 428 405 315
 30 550 475 485 425 320

 Table 3. Percent total N in foliage at the beginning and end of the perfusion period, and the C:N ratio in each foliage at day 0

 Type of manure C : N Ratio N at day 0 N at day 30 N released
 (tree species) into solution

 % % % %

 Leucaena 4:1 5.3 1.6 70
 Calhandra 4:1 4.7 1.9 60
 Gliricidia 5:1 4.5 1.8 60

 Prosopis 5:1 4.3 1.7 60
 Cassia 8:1 3.1 2.0 36
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 perimental conditions (leaves ground into pow-
 der), it is highly possible that the physical state
 of Cassia material could have caused compac-
 tion, with possible waterlogging resulting in re-
 duced aeration and drainage. The rapid rate of
 Leucaena foliage decomposition was also ob-
 served by other workers (Kang and Duguma,
 1984; Weeraratna, 1979). Kang and Duguma
 indicated that under field conditions in Ibadan,
 Nigeria, fresh and dried Leucaena foliage buried
 in the soil have half-lives of about 10 and 15

 days, respectively. Weeraratna (1979), in his
 incubation studies under aerobic conditions with

 ground (2 mm) Leucaena, observed that decom-
 position in the soil started within the first week,
 which agrees with the present results.

 Decomposition of Cassia manure was slowest,
 as by day 30 only 35 per cent of total carbon had
 been converted to C02. The differences in
 foliage decomposition rates are probably the re-
 sult of variation in organic compounds present in
 the manures. Of significance in this regard is the
 high C:N ratio, viz 8:1, compared with 4:1 to
 5:1 for the other species. Amounts of C02
 released indicate that there is a close relationship
 between this ratio and the rate of decomposition.
 Similar observations have also been made by
 Keya (1975) and Alexander (1977).

 The low C:N ratio of most of the foliages
 reduced competition by micro-organisms for
 available N during decomposition. This conse-
 quently enhanced the rates of decomposition by
 maintaining a high microbial activity at the be-
 ginning. Buckman and Brady (1971) and Alex-
 ander (1977) reported that the rate of decompo-
 sition of plant material depends on the nitrogen
 content of the tissue and that nitrogen-rich sub-
 strates are metabolized most rapidly.

 The C:N ratios (Table 3) for the leguminous
 tree species used in this study agree with the
 findings of Alexander (1977), but differ greatly
 from the figures for legumes mentioned by Buck-
 man and Brady (1971). The differences could be
 explained by the variability in this ratio existing
 among different plant families and even within
 families. For instance, Cassia and other members
 of the Leguminosae family used in this experi-
 ment show large variations in this ratio. The
 variability would have been even greater if com-
 parisons would have been made between nodu-

 lated and non-nodulated legumes (e.g. Cassia is
 non-nodulated), different plant parts and differ-
 ent ages.

 All leguminous manures used in this study
 were found to have C:N ratios similar to those

 of microbes, based on the data quoted by Buck-
 man and Brady (1971) and Alexander (1977),
 with Leucaena and Cassia being the extremes.
 The differences in C : N ratios among species are
 reflected in the rates of decomposition. Sprent
 (1983) stated that for rapid mineralization, plant
 foliage should have N contents higher than 2 per
 cent . She observed that C : N ratios in excess of

 15:1 result in virtually no mineralization, be-
 cause all N is utilized by micro-organisms. The
 fast rate of foliage decomposition, particularly
 that of Leucaena, resulted in a rapid initial re-
 lease of nitrogen as indicated by the high N
 concentration in solution over time. With

 Leucaena foliage, Weeraratna (1979) observed a
 similarly rapid increase (within the first three
 weeks) in total available N under laboratory
 incubation conditions.

 The fast decomposition rates and quick release
 of N from all species, except Cassia, suggest that
 the foliage can be applied in the middle of the
 cropping season as an alternative to the tradi-
 tional practice of topdressing with N fertilizers in
 cereals just before flowering.

 However, in contrast to inorganic N fertilizers
 which release nitrogen (NH4 and NO¡~) into the
 soil shortly after application, the rapid initial
 release of N into the soil followed by a gradual
 one may result in the more efficient use of the
 nitrogen. Leaching is a particularly serious prob-
 lem in the tropics where rainfall reaches very
 high intensities and is often unevenly distributed.

 Because of their ability to decompose fast,
 coupled with the evidence of high N contents,
 leguminous tree as sources of green manure in
 an intercropping system with arable crops, are
 becoming popular with farmers in tropical coun-
 tries.

 The results of this study have demonstrated
 the significance of determining the rate of de-
 composition and patterns of N release as being
 of crucial importance in management decision-
 making. Leucaena with a rapid rate of foliage
 decomposition can be applied at seeding time
 and even at the vegetative stage of crop growth.
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 For a timely N release with a slow rate of
 decomposition, it should be applied at least two
 weeks prior to seeding.

 Future management decisions in alley-crop-
 ping systems, concerning quantity of manure to
 be applied, method and time of application,
 species and site to be used, should be based on
 such information.
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