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ABSTRACT
 
Information on decomposition and nitrogen release patterns of tropical legumes is scarce despite the important role 
of legumes in agroforestry systems. Decomposition patterns of the leaves of three tropical legumes Inga eduids Mart., 
Cajanus cajan (I.) Millsp., and Erythri, i sp. were determined by a fitterbag study in an alley cropping experiment 
conducted in the Peruvian Amazon. The leaflets of the three species had similar nitrogen concentrations but different 
lignin and soluble polyphenolic concentra.!ons. Inga and Cajanui decomposed at similar rates (k - 0.91 and 1.72 
yr-', respectively) and had similar polyphen!!-_ -oncent.ations but differed in lignin. Erythrina had the lowest 
concentration of polyphenolics and decomposed Lhe fastest (k - 3.45 yr-1). Polyphenolics appeared to influence rates 
of decomposition more than percent nitrogen or percent lignin. It is proposed that the polyphenolics bind to N in 
the leaves forming compounds resistant to decomposition. These compounds may be precursors to sable, forms of 
nitrogen in soil phosphorus, nitrogen,organic matter. Rates of nutrient loss followed the general trend potassium > 
and magnesium > calcium. It is apparent from this study that not all leguminous leaves decompose and release 
nitrogen quickly, despite high nitrogen concentrations in the leaves. Nitrogen release by legumes with high polyphenolic 
concentratior.s will be slower than that by legumes with low polyphenolic concentraons and has important implications 
to nitrogen cycling and the selection of legumes for agroforestry systems. 

RESUMEN
 

Conocimientos acerca do los patrn'es de descomposici6n y minenlizaci6n de nitr6geno en leguminosas tropicales son 
escasos a pesar del importante 1.pel que esras leguminosas juegan en sisemas agroforestales. Los patrones de 
decomptosi ion de las hojas de tres lejuminosas tropicales, Inga eduli Mart., Cajanutcajan (I.) Millsp., y Erythrina 
sp fueron determinadas en un esrudio con bolsas de hojarasca en un experimento de cultivos en callejones en la 
Amazoni.i del Peril. Las hojas de las tres especies tenian contenidos similares de nitr6geno, pero diferentes contenidos 
de ligiina y polifen6licos solubles. Las constantes de decomposici6n, k, fueron 0.91, 1.72 y 3.47 p-)r ahio paris L 
edulis, C. Cajany Erythrina sp, respectivamente. Aparentemente, los polifen6licos influencian las rasas de decomposici6n 
mas que el contenido de nitr6geno o de lignina. Inga y Cajintsse descompusieron a rasas similares y tenian contenidos 
similares de polifen6licos mas ripida. Se propone que los polifen6licos forma.; compuestos con el nitr6geno de las 
hojas que son reristentes a ladecomposici6a. Dichos compuestos pueden set precursores de formas estables de nitr6geno 
en lamateria orginica del suelo. La mineralizaci6n de nutrientes sig.,i6 un patron similar a Iadescomposici6n. Las 
tasas de perdidas de nutrientes de las hojas sigun. La tendencia potasio > fosforo > nitr6geno, y magnesio > calcio. 
Este trabajo indica que no todas las hojas de leguminosas se descomponen y mineralizan nitr6geno ripidamente, pese 
a altas concentraci6nes de nitr6geno en lashojar. La mineralizaci6n de nitr6geno per leguminosa con altos contenidos 
de polifonelicos sera mas lenta que aquellos con altos contenidos de polifoneicos. Esta condusi6n ileva importantes 
implicaciones al recidaje de nitr6geno y a Ia seleccion de leguminosas parn sistemas agroforestales. 

LEGUMINOUS TREES AND SHRUBS are commonly used 
in agroforestry systems in the humid tropics. Well-
known examples are interplantings of Erythrinasp. 
and Inga in coffee and cacao plantations in Latin 
America (Aranguren et al. 1982a, b; Bomemisza 
1982; Santana & Cabala-Rosand 1982). The trees 
provide shade and also serve as a source of nitrogen 
through litterfall and periodic prunings. In alley 
cropping, rows of leguminous trees are pruned every 
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three to six months and the prunings are used as a 
mulch or green manure for a food crop growing 
between the rows (Kang et al. 1981). 

It is assumed that the prunings and lirterfall 
from leguminous plants offer a readily available 
source of nitrogen. Plant materials with hifh nitro­
gen content, such as in nitrogen-fixing legumes, are 
considered to be of high resource quality to micro­
organisms and they decompose and release nitrogen 
quickly (Crowther & Mirchandani 1931, Miller et 
al.1936, Schofield 1945, Harmsen &van Schreven 
1955, Weerarama 1979). Certain plant constitu­
ents, however, can modify the quality of the plant 
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material, slowing decomposition and the release of 
nitrogen (Handley 1961, Swift et al. 1979). Plant 
materials with high lignin concentration decompose 
more slowly than those with low lignin concentra-
tion (Tenney & Waksman, 1929, Melillo et al. 
1982). Lignin may also immobilize nitrogen during 
decomposition (Berg & Staaf 1981, Melillo et al. 
1982, Berg & McClaugherty 1987). Immobiliza-
don refers to the processes whereby decomposer 
organisms utilize and accumulate nutrients frc n the 
soil solution. If there is net immobilization the nu-
trient content of the decomposing material exceeds 
100 percent of the original, this process usually 
occurs if the initial nitrogen content of the tissue 
was low, or nutrients were in an unavailable form. 

Polyphenolics can also retard decomposition and 
nitrogen release by binding to nitrogen-containing 
compounds in the plant material, forming resistant 
complexes. Polyphenolics can also slow decompo-
sition by inhibiting enzyme action (Swain 1979). 
There is increasing evidence that some legumes with 
high polyphenolic concentration decompose and re-
lease nitrogen more slowly than would be predicted 
based solely on their nitrogen concentration (Vallis 
& Jones 1973, Palm 1988) and may in fact show 
prolonged phases of nitrogen immobilization, 

The use of high versus low qualily legumes in 
agroforestry systems could be importartt to nitrogen 
d,,nanics and management practices. The purpose 
of this study v',as to investigate the decomposition 
and nitrogen release patterns from leaves w-legti-
minous trees with differing lignin and polyphenolic 
contents. The hypothesis was that leaves higher in 
lignin concentration or lignin-to-nitrogen ratio would 
decompose and release nitrogen more slowly than 
those with lower concentrations. Because legumi-
nous prunings can also serve as a source of other 
nutrients to crop plants, the -elease of phosphorus, 
calcium, magnesium, and potassium from decom-
posing plant material was also investigated, 

METHODS 
SITE DESClaurloN.-The study was located at the 
Yurimaguas Experiment Station in the upper Am-
azon Basin of Peru (76 005'W, 5045'S, 180 m el-
evation). The area has a mean annual temperature 
of 26°C and annual rainfall of 2200 mm. Monthly 
rainfall exceeds 200 mm in all months except June, 
July, August, and September which have closer to 
100 mm. 

The experiment was conducted on an acid soil 
of an upland terrace. The soil was a fine loamy, 
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siliceous, isohyperthermic Typic Paleudult. Clay 
content in the top 15 cm averaged 27 percent. 
Kaolinite is the predominant mineral in the day 
iraction in the upland soils of the region (Tyler 
1975). The topsoil had an effective cation exchange 
capacity of 6 meq per 100 g of soil, pH value of 
4.6, and aluminum saturation of 78 percent. Total 
carbon and nitrogen in the topsoil were 1.10 and 
0.11 percent, respectively. 

EXPERIMENTAL DESIGN AND MEASUREMENTS.-Field 

study: The litterbag study was conducted as part of 
a larger alley cropping experiment designed to test 
the effect of species of mulch and mulch rates on 
nitrogen cycling. The design of the alley cropping 
experiment used species of mulch (Inga edulis, Ca­
janus cajan, Erytkrina sp.) as the main plot treat­
ment and mulch rate (0, 3.3, 6.7 t-'ha-I'crop- | ) as 
the subplot treatment. Treatments were arranged 
in three blocks with two replications per block, only 
the 3.3 t-1ha - 1subplots were used in the litterbag 
study. 

The three woody leguminous species, Inga edu­
i Mart, Cajanuscajan (I.) Millsp and Erythrina 

sp., used in the study are commonly found in agro­
forestry systems in the humid tropics. Leaves for 
the litterbags were hand picked from trers in an 
alley cropping experiment and included a mixture 
of new and old leaves. Because Inga edulis has a 
large, highly lignified central rachis, only leaflets 
from all three species were used in the litterbag 
study to avoid confounding nitrogen dynamics and 
mulch quality parameters. For each species, 15 g 
of air-dried leaflets were placed in 20 x 20 cm 
nylon litterbags of 1-mm mesh. Subsamples were 
oven dried at 700C m calculate the oven-dry mass. 

Sixteen litterbags were placed on the soil surface 
in November 1985 in each of the subplots con­
taining prunings of the same species. One litrerbag 
was collected from each subplot (providing a total 
of six replicates for each species) at one, two, four, 
six, and eight weeks and then every four weeks. 
Collections were discontinued 'at week 20 for Ery­
tbrina and at week 32 for the other two species.
Leaves remaining in the litterbags at each collection 
time were cleaned by hand to remove roots, organic 
debris, and mineral soil. The cleaned samples were 
oven dried at 700C, weighed, and ground. Subsam­
pies were ashed (described in next section) to correct 
for contamination from the mineral soil. Data are 
presented as percent original leaf mass remaining. 

Laboratoryanalyses:Leaflets, ground to I mm, were 
analyzed for initial nutrients, lignin, soluble poly­
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TABLE 1. Initial nutrient, lignin, and polyphenolicconcentration (tandard errorof tie mean) of the legaminoot leaver 
used in the litterbag sitidy. 

Species N P Ca 

inga edudis 	 3.18 0.22 0.74 
(.15) (.02) (.06) 

Cajanuscajan 	 3.48 0.18 0.63 
(.06) (.02) (.01) 

Etythrinasp. 	 3.52 0.21 0.88 
(.13) (.02) (.16) 

phenolics, and ash-free dry mass; nutrients were 
analyzed on oven-dried samples, whereas, air-dried 
samples were used for the organic constituents. Ni-
trogen was analyzed by micro Kjeldahl methods 
using a mixture of IK2S0,, HSO,, and selenium 
for the digestion step. Phosphorus, potassium, cal-
aum, and magnesium were analyzed by digestion 
in concentrated H 2SO 4 and 30 percent H 2O,. Phos-
phorus was measured by the molybdate blue metb- 
od (Olson & Dean 1965) and caldum, magnesium, 
and potassium by atomic absorption spectropho-
tometry. Lignin was analyzed by the acid detergent 
fiber method (Van Soest & Wine 1968). Poly-
phenolics were extracted in 50 percent aqueous 
methanol for one hour in a water bath (80°C) and 
analyzed by the Folin-Denis method as described 
by King and Heath (1967) and reported as percent 
tannic acid equivalent. Ash-free dry mass was de-
retrained by ashing in a muffle furnace at 550*C 
for three hours. 

The percent of nutrients remaining in the de-
composing leaflets at each time was also determined 
and calculated by multiplying the leaf mass re-
maining by the nutrient concentrations, 

Statisticalanalyses: Analyses of variance were per-
formed to determine differences in the decomposi-
tion and nutrient mineralization patterns of the thce 
species. Species and time were considered as the 
main effects (Wieder & Lang 1982, Statistical Anal-
ysis System 1985). If species by time interactions 
were found, an analysis of variance was performed 
fo" each time interval to examine the decomposition 
patterns in more detail. Differences were reported 
as significant if the probability was less than 0.05. 
Differences between species at each collection time 
were determined by least significant differences 
(ISD). 

Decomposition and nutrient loss constants, k, 

Poly-
Mg K Lignin phenolics 

0.17 1.25 16.3 3.43 
(.01) (.08) (1.34) (.46) 
0.18 1.35 10.2 3.34 
(.01) (.06) (.66) (.43) 
0.35 2.02 9.7 1.04 
(.02) (.02) (.69) (.21) 

were determined for dry mass and nutrients for each 
of the species by the singit exponential model, 9 = 
e-, where 2 is the proportion of initial mass or 
nutrient remaining at each time, t, in years (Wieder 
& Lang 1982). Data from all collection times were 
used. Decomposition and nutrient loss constants 
were compared statistically by considering k as the 
slope for the log form of the equation and perform­
ing pairwise t-tests for slopes. 

RESULTS 

INmAL cHAAAcnmEs-ncs or uAvEs.-Nitrogen con­
centrations of the leaflets ofthe three legumes ranged 
from 3.18 percent in Inga to 3.52 percent in Ety­
thrina (Table 1). Phosphorus concentrations were 
similar for the three species, near 0.20 percent and 
are high compared to leaves from other tropical 
trees (Viousek & Sanford 1986). Potassium, cal­
cium, and magnesium concentrations of Erythrina 
leaflets were generally higher than in the other two 
species. Lignin and polyphenolic contents in Inga 
were both toward the upper end of the range re­
ported for tropical leaves (Anderson et al. 1983). 
In contrast, Erythrina had low contents of both. 
Cajanus hrA a high polyphenolic contelat, similar 
to that of Inga, but a low lignin content, similar to 
that of Erythrina. 

DECOMPOSmON AND NUMrIENT RELEASE PATEr S.-
Inga and Cajanurexhibited similar decomposidorn 
patterns that were significant!v different from that 
of Erythrina(Fig. 1). All three species had a napid 
phase of decompositien lasting about one month 
followed by a slower phase. In Erythrina the rapid 
phase was more pronounced. The overall analysis 
of variance revealed significant species and time 
effects for leaf mass remaining but also significant 
species by time interactios making condusions about 
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constants supports the observation that Erythrina 
decomposed significantly faster than the other spe-

dies, while Cajanustended to decompose faster than 

Inga (Table 2). The t1, or time for 50 percent of 

the material to decompose, were 0. 19, 0.47, and 

0.76 yr for Erythrina, Cajanus, and Itga, respec-

tively. 
Decomposing leaves of Erythrina, in general, 

released nutrients significantly faster than Inga and 

I 

pater (Fig.1,ale 2). Airgnanealis of arian b 
reesehoedphators re slowly initogen, thalum 

magnesium 	and potassium oatreasinfiaty 

slowly. 
Within each specie3, nutrient loss constants, or 

k values, for all nutrients excpt caldiun were greater 

those for leaf mnass (Table 2). The turnoverthan 
times, I/k, of all nutrients were less than one year, 
except for calcium in Inga and Cajanusand mag­

nesium in lqga. The rate of loss of nutrients from 

the decomposing leaves followed the general trend 

potassium > phosphorus, nitrogen, and magnesium 

itterbagmethod.
TABLE 2. 	 Decomposition and nutrient lot.!constants, k, for leguminous lea:,vr as determined y the 

Ltrrsbeide numbers areforcomparingk valuerwithin a peietandIetter below numbrs arafor comparing 

k valu,.tbetween species. Numbers with similarlettrsare not jignifcantlydifevrnt (P -.05). Comparisons 

were made by pair'wire t-tests for slopes. 

Ash-free dry 
N p CA Mg K

Species weight 
0.91lb 4.15a nga edulis 	 0.9 b 1.42b 1.96b 0.44b 


b b b 
 b c b 
0.80d .93c 5.73aCajanuscajan 	 1.45c 1.70c 2.83b 

b b ab 3.02bb 4.97b 9.94ab h 
Erythrinasp. 3.72b 5.99b 4O32b 

a 	 aL al a 
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> calcium. An exception to this was that nitrogen 
tended to be lost more rapidly than phosphorus in 
Erythrina. 

There was no significant net immobilization of 
nitrogen by any of the species (Fig. 1). However, 
there was a short net immobilization phase of phos­
phorus in Cajanus and longer periods of immobi-
lization of calcium and magnesium in botlh Inga 

and Cajanus. The immoblzation phases for phos-
phorus, calcium, and mtgnesium follow similar pat-
ters among species, immobilization occurred at week 
one followed by a net loss at week two and then 
immobilization again at week four (Fig. 1Y. 

Decomposition was accompanied by a decrease 
in the nitrogen concentration in the remaining leaf 
mass in all three species (Fig. 2). Inga and Cajanur 
showed a decrease until week 20 when an increase 
in nitrogen concentration began. Phosphorus con-
centrations also decreased in Inga and Cajanur(Fig. 
2). Erythrinashowed a significant increase in phos-
phorus concentration until week 12 (r = 0.94) when 
there was a significant drop in concentration causing 
an overall lack of correlation. The faster loss of 
phosphorus than nitrogen in Inga and Cajanurre-
suited in an increase in the nitrogen-to-phosphorus 
ratio from 15 to greater than 20, following an initial 
drop to 10 (Fig. 3). In Erythrinanitrogen was lost 

faster than phosphorus and the nitrogen-to-phos­
phorus ratio decreased from 17 to less than 10, 
remaining fairly constant, despite significant changes 
in both the nitrogen and phosphorus concentrations. 

DISCUSSION 

Decomposition rate constants we-e within the range 
rv.'nrted for the humid tropics (Anderson et al. 
1983, Anderson & Swift 1983). Rate constants 
obtained from the single exponential equation do 
not always provide the best fit to describe decom­
position patterns (Wieder & Lang 1982, Ezcurra & 
Be-erra 1987, Spain & Le Feuvre 1987). However, 
given the high r2 values (>0.83) obtained for the 
three species in this study, the single exponential 
equation seems reasonable. 

Decomposition of leguminous leaves or litter in 
the tropics has received little attention. The few 
values reported in the literature indicate high but 
variable decomposition rate constants, ranging from 
1.65 to 8.48 yr-' (Table 3). Both L edulis and C. 
cajan decomposed slower than this reported range 
for legumes. Meentemeyer (1978) suggested that 
the quality of the plant material controls the rate 
of decomposition in the tropics more than climatic 
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a site percent lignin is a content decomposed twice as fast as Inga and Ca­
factors and 	 that within 

had higher and similar po­good predictor ofdecomposition rates. Neither per- janus, both of which 

cent lignin nor lignin-to-nitrogen ratio, as suggested lyphenolic contents. 

useful in predicting The fact that no net nitrogen immobilizationby Melillo et al. (1982), were 
took place in this study contrasts sharply with resultsthe rates of decomposition in this study. Erytbrina 

and Cajanur had similar lignin and nitrogen con- from. temperate regions (Berg & Staaf 1981, Melillo 

& Abet 1984). The lack of net nitrogen immobi­tents yet decomposed at significantly different rates. 


Of the plant characteristics measured, soluble poly- lization has been found .n other studies in the trop­

phenolic concentration was most related to rates of ics, even for nonleguminous leaves and Utter (Lau­

decomposition; Erytbrinawith a low polyphenolic delout 1961; Swift et al. 1981; Arangilren ti al.
 

Values were calculated with exponential equationforTABLE 3. 	 Decomposition constants, k, for tropical legumes. 
decomposition (Wider and Lang, 1982) using data reported in the literature. 

Mean ennual 

Tem-
Rain- pera­

fall cure k 
Species Location (mm) (K) (yr-') Reference 

1250 8.48 Yamoah t al. 1986Gliricidiasepium lbadan, Nigeria 23-31 

Fhemingia congesta lbadan, Nigeria 1250 23-31 3.66 Yamoah et al. 1986
 

lbadan, Nigeria 1250 23-31 2.17 Yamoah et al. 1986Cassia siamea 
lbadan, Nigeria 1250 23-31 8.87 Swift et al. 1981Lonchocarpus cyanescems 

Inga vera El Verde, Puerto Rico 4000 22 1.65 La Caro and Rudd 1985
 

Inga sp. and Erythrina
 
(mixed) Caracas, Venezuela 1200 20 3.01 Aranguren et al. 1982a
 

Erythrinasp.
 
et al, 1982b(mixed with nonlegumes) Caracas, Venezuela 1200 20 3.81 Aranguren 


Inga edulis Yurimaguas, Peru 2200 26 0.91 This study
 
Cajanus cajan Yurimaguas, Peru 2200 26 1.45 This study
 

Erythrina sp. Yurimaguas, Peru 2200 26 3.72 This study
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1982a, b; Anderson et aL. 1983; Upadhyay & Singh 
1985) and may even be the norm for the tropics 
(Vitousek 1984, Vogt et al. 1986). No net. im-
mobilization was predicted based on the inverse 
linear regression model of Melillo and Aber (1934) 
that relates mass loss to the percent nitrogen in the 
remaining tissue, because there was no increase in 
the nitrogen concentration of the decomposing leaves 
(Fig. 2). A decrease in nitrogen concentratioa in the 
remaining leaf mass is quite unusual even for leaves 
showing no net nitrogen immobilization (Laudelout 
1961; Aranguren et al. 1982a, b; Upadhyay & 
Singh 1985; Sharma & Ambasht 1987). 

Nitrogen release by Inga and Cajanuslevels off 
at week 20, and coincides with an increase in the 
nitrogen concentration in the remaining tissue. In 
the first phase the soluble nitrogen fraction is leached 

or mineralized. The second phase might be ex-
plained by the bindag of nitrogen to lignins or 
polyphenolics in the leaves (Handley 1961, Vallis 
& Jones 1973, Suberkropp et al. 1976, Schlesinger 
& Hasey 1981, Berg & Staaf 1981, Berg & 
McClaugherty 1987). The latter explanation is more 
likely for Cajanurgiven its low initial lignin content; 
whereas, both are possibili.ies for Inga which has 

high lignin and high polyphenolic content initially, 
It would be difficult to distinguish between the two 
because polyphenolic-nitrogen complexes end up in 
the same fraction as lignin, an acid-insoluble fraction 
in most laboratory procedures (Suberkropp et al. 
1976, Spain & Le Feuvre 1987). 

The phosphorus release patterns observed also 
demonstrate the importance of substrate quality on 
nutrient dynamics. No long-term phosphorus im-
mobilization occurred but the phosphorus concen-
tration and nitrogen-to-phospherus ratio in the re-
maining litter suggest that nitrogen dynamics may 
influence that of phosphorus, at least in the early 
stages of decomposition. Inga, Cajanur, and Ery-
thrinabegan with nitrogen-to-phosphorus ratios of 
14, 19, and 16, respectively. Despite high initial 
levels of phosphorus, all three species showed in-
creased phosphorus concentration in the tissue at 
week four, resulting in ratios near ten, the ideal ratio 
for decomposer organisms (Vogt et al. 1986). Ca-
janus, which had the highest nitrogen-to-phospho-
rus ratio, showed a short immobilization phase. The 
ratios gradually increased to 22 and 25 for inga 
and Cajanus, respectively. The increase was more 
likely due to the lack of available nitrogen in the 
leaves toward the end of the study rather than 
phosphorus limitation. Thus, for these two species, 
nitrogen may have influenced phosphorus dynamics 

early; but later, phosphorus was mineralized inde­
pendently of nitrogen. This explanation is supported 
by the faster turnover times for phosphorus than 
nitrogen for these two species. Erytbrina maintained 
a nitrogen-to-phosphorus ratio near ten throughout 
the course of the study, suggtsting that nitrogen 
was controlling phosphorus dynamics. 

Phosphorus immobilization during decompo­
sition has been reported for the tropics (Anderson 
et al. 1983) as well as temperate zones (Schlesinger 
& Hasey 1981, Melillo & Abet 1984, Schlesinger 
1985). It has been suggested that phosphorus im­
mobilization, or an increase in phosphorus concen­
tration in the remaining plant material, occurs where 
phosphorus is limiting to microbial activity (Melillo 
& Abet 1984, Schlesinger 1985, Vitousek & San­
ford 1986). Schlesinger and Hasey (1981) suggest 

that carbon-to-phosphorus ratios are important for 
decomposition of chaparral litter, whereas Vogt et 
al.(1986) imply that nitrogen-to-phosphorus ratios 
determine whether phosphorus immobilization will 
occur. 

The order of release of the cations, potassium 
> magnesium > calcium, and the patterns of release 
are similar to those reported in other studies. The 

initial immobilization and slow turnover rate of 
calcium has also been observe.d both in the tropics 
and temperate zone (Suarez-Vasquez & Cabrillo-
Pachon 1976, Schlesinger & Hasey 1981, Swift et 
al. 1981, Anderson et al. 1983) and is generally 
attributed to accumulation of calcium oxalate in the 
fungi that colonize decomposing leaf tissue (Cro­
mack et al. 1975). This immobkiation of calcium 
during decomposition has interesting implications 
for crop management in that calcium deficencies 
may be created, particularly on add, ca!lum-poor 
soils. Potassium was released the fastest of all the 
nutrients, at a rate faster than the leaves decom­
posed. This trend supports claims that leaching is 
the primary process influencing losses of potassium 
(Swift et al. 1981). 

The results from this study suggest that decom­
position and nitrogen release of leguminous leaves 
are influenced by the polyphenolic concentration of 
the leaves. Leaves low in polyphenolic content re­
lease nitrogen more rapidly than those high in poly­
phenolic content, which show a rapid initial release 
followed by a slow release. It is proposed that poly­
phenolics bind to nitrogen forming resistant com­
plexes, slowing decomposition and nitrogen release. 
Polyphenoic content may, therefore, be an impor­
tant factor to consider when selecting legumes for 
agroforestry systems. Legumes low in polyphenolics 
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