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Abstract

Decomposition and nutrient release pattern of tcapagroecosystems such as those of rubber
(Hevea brasiliensisare rarely studied compared to those of the tewrmgeregions. This study
describes the weight loss and nutrient releasegpatfrom decomposing litter of a rubber
plantation of different age stands (40-, 15-, angkear-old). Decomposition rates of 15-year-
old leaf litter were fastest followed closely by th0-yearold. In the 15-year-old plot, a
significant reduction in mass (c. 70%) was obserwathin the first six months (p<0.05).
Weight loss (95%) was completed by the by thménth in the 15-year-old stand while it was
10" and 11" month respectively in the 40-year-old and 5-yddr{glots respectively. The
pattern of weight loss exhibited an initial rapi@éahy phase (especially in the rainy season)
followed by slow decay rate. Pattern of changeha toncentration of N, P, and K was
approximately linear to mass loss. The largest gexzefficients were observed in the 15-year-
old rubber plot (0.338 The mineralization of P was similar for the thigands, but 15-year-
old litter released large amounts of K. Levelerthangeable K were significantly increased
in 15-year-old litter. It can be concluded that {&ar-old litter is easily decomposable. There
is therefore the need to be felled and replantroltber plots and supplement nutrient in the 5-
year-old plot with external inputs in order to ingme nutrient cycling and promote sustainable
production
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I ntroduction

Litterfall and liter decomposition are crucial the processes of energy fow and nutrient
cycling in all terrestrial ecosystems. They canrefmge be linked together functionaly in

ecosystem context (Cromack and Monk, 1975) becthee account for a substantial portion
of the internal nutrient cycling in the terrestrie€osystems (Ewel, 1976; Montagnini, 1990;
Hartemink and O’Sulivan, 2001; Stamt al, 2005). Leaf breakdown (decomposition) and
subsequent release of nutrient to the soll is dersil a pivotal process in the metabolsm of
terrestrial ecosystems (NRC 2001; Hochella, 200pari&, 2004), providing important

information on the functioning of such ecosystemsrespect of energy flow and nutrient
cycling (Webster & Benfield , 1986; Wallae al, 1997).
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Nutrient release of the biomass is determined byerak physical, chemical and biological
factors (Cadisch & Giller, 1997). On a global orodm regional scale, temperature and
precipitaton are largely responsible for detemgnithe rate and extent of decompositon
(Swit et al, 1979). At a local scale, the rate of decompusiind quantity of nutrient cycled

through the decompositon mechanism are influenoaabariy by (i) the qualty of resources

being decomposed (McClaughertgt al., 1985; Finzi et al.2001), (i) physiochemical

properties (i.e. temperature and moisture regimel, xygen) that affect decomposer
organisms in situ (Swifet al, 1979, Berget al, 1993), and (i) the length of time the resource
is in contact with soill microenvironment (Lockabynda Walbridge, 1998). The relative
importance of these factors appears to shift ipaese to spatial, temporal, and site-specific
variations (Swamy and Proctor, 1994; Hartemink @rf8ulivan, 2001).

The assimilation of the mass of falen leaves ahtgl is a critical function of both large and
small soil organisms, which range in size from m&ema (such as moles, earthworms, and
milipedes), through intermediate mesofauna (sushadhropods e.g. mites and colembola i.e.
springtails), to microfauna (such as nematodes sindle-celled protozoan)(Gessnet al,
1999; Hochela, 2002; Sparks 2004). Mesofauna argely detriivores and they are
significant role players in nutrient cycling. Inroert with various chemical changes, these soil
organisms cause transformations in ltter qualtyg.( increases in nitrogen and phosphorus
concentrations) that influence decomposition dyoanfiVebster & Benfield, 1986; Gessretr
al., 1999).

Litter is a central nutrient resource in tropicalrelt ecosystems where sois are highly
weathered and nutrient-poor. It also intiates thetrient cycles by providing input to
decomposer food chain (Martiet al, 2004). The relative value of leaf litter as arse of
nutrient however, is dependent on its decomposi@a, which in turn controls the release of
the tissue-held mineral ions. Decomposition rates a@n indicator of the functionality of the
biogenic below-ground ecosystem processes of mutrieyclng that include litter
decomposition and nutrient supply and in which sajanism play a central role (Ta@t al,
1997; Laveleet al, 2001; Tian and Badejo, 2001). There is the rteednderstand the litter
decomposition processes in terrestrial ecosystewiading monospecific tree crop plantation
such as rubber for an improved recycling of soitiewnts and to maintain the nutrient balance
of the agriculturally managed soils so that they lass dependent on external inputs.

Leaf age is an important factor affecting concdioma of nutrients in folage because of
mobile nutrients such as N tends to declne wile #§nowdonet al, 2005). Seasonal

fluctuations in nutrient concentrations in leavelsoaoccur. In plantation trees, the foliar
concentrations of nutrients are often used as dnfai assessing the presence of nutrient
deficiencies or the need for fertiizer applicationn view of these variations, concentration of
nutrients in the youngest fully expanded leaves banused to diagnose nutrient status and
study leaf liter decompositon. The commonly useethod to study litter decomposition is to
place senescent or litterfall in mesh bags (liigs) in contact with the litter layer and then to
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record changes in biomass and nutrient content.sMements over time on component of
intact litter layer can also be made (Snowadral, 2005). Berget al (1993) have identified
the litterbag method as a most useful procedureurolerstanding decomposition and nutrient
dynamics of litter in forest ecosystem. The onlpridoming of this method according to Ewel
(1976) and Sundarapandian and Swamy (1999) istiieatiecay rate measured by the method
is underestimated because of the restriction ofomie fauna entry into the litterbags. A
considerable number of decompositon studies haesnbconducted under laboratory
conditons (Handayantet al, 1997; Lupwayi and Haque, 1998; Palm and Sand®%]; Tian

et al, 1992) or under field conditons with no cropeaftthe fallow (Budelman, 1988;
Handayantoet al, 1994; Mwingaet al, 1994; Oglesby and Fownes, 1992). Studies under
field condition with tree crops such as rubber dgars essential to quantify maximum rates of
decomposition and nutrient release in such agrgstam. Field studies of decomposition such
as these are surprisingly few in sub-Saharan déesinike Nigeria.

The objectives of this study were () to quantiyydacompare mass loss of leaf litter
representative from different rubbddgvea brasiliensisVild. Muel-Arg. Euphorbiaecae) age
stands and (i) to examine nutrient release fromodposing leaf liter representative from
different rubber age stands. It was hypothesized Itigher qualty leaf Iitter (i.e. liter with
narrow litter qualty ratios such as C:N, C:P, Nad lignin) would decompose faster than low
qualty ltter (i.e. litter with wider ratios).

M aterials and methods

Experimental site

The experiment was conducted in the Remo Rubbermtafitsn located 2 km S of Ikenne
(Latitude & 50" to & 54' N and Longitude 340’ to 3 45' E) SW Nigeria. The plantation site is
on an undulating land about 145 m above sea I, and average annual temperature of
27°C and an annual precipitation of 1,550mm with 18ibyr days per year. The mean annual
relative humidity (r.h.) is 80 % at 1500 Greenwitkean Time (GMT) and this could be
attributed to the prevalence of moisture-laden itcedpmaritime air mass over the area for
about nine months in the year. The soil of the aseelassiied as an ultisols due to the annual
rainfal with base saturation often less than 50Pke texture of the surface soils is usually
loamy and sandy, becoming heavier with clay attgredepths, frequently with gravel layers at
30-60cm. The Cation Exchange Capacity (CEC) vdrasm 1.3 Cmolkg to 17.3 Cmolkg in
the topmost layer (Aweto, 1987) and the soil pHieslranges from 6.5 to 6.7 in the topsoil.
However, a rapid decline in pH and aluminium téxi@ccurs with depth and this can lead to a
serious fall in productivity after only a few yearbculivation.

The plantation site was acquired, for commercidben production in the late 1950s by the
Old Western Nigerian Development Corporation (WND& one of the major tree crop
plantations established by the government. Otler trop plantations include those of cocoa,
oil palm, teak, andsmelina spread over suitable areas in the region. Moshese plantations
are stil in existence but producing far below adyadue to shift of government attention
away from agricutture to crude oil production andpat for foreign exchange. Land
preparation in the plantation started in 1959 &edfitst nursery was established in 1960.
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However, only about 1,111 hectares of the 2,500ahex acquired for the plantation were
planted with rubber, whie the Ministry of Agriaute, the Institute of Agricultural Research
and Training (IAR&T), and the International Indttufor Tropical Agriculture (IITA) use the
other areas for research purposes.

Presently, effective rubber trees cover about 580ohwhich 94% are old and have outlived
their economic lives. Rubber clone is principatie tGT1, which are planted in different blocks
within the plantation. In 1991/1992 planting seasbh hectares was devoted for the planting
of the GT1 clone in the plantation and latter i@ ®000/2001 season, efforts were made to
replant another 15 hectares of the GT1 clone.

Leaf Litter Collection and Preparation

The literbag study was undertaken in three diferebber age stands (40-, 15-, and 5-year-
old). The decomposttion rate of leaf litter was edeined by measuring weight loss and
nutrient variation of a known quantity of leavesngsthe litterbag method (Bergt al, 1993;
Aerts, 1997; Trofymowet al, 2002, Hobbie and Gough, 2004). Two plots (each 816 m)
chosen randomly from the inner portion of each dsteere established in the plantation. Each
8 m x 16 m plot which were 100m apart was dividegd a grid of 2 m x 2 m sub-plots. With
three rubber stands and three replicates per dtamtistribute, nine sub-plots were randomly
selected from the thirty-two total sub-plots. Assgnt of rubber tree per sub-plot was also
randomly selected.

Freshly fallen leaves from the three rubber agedstavere collected, composited and air-dried.
The dry weight equivalent were determined by oveyingl the samples at 78C for 48 h. Five
sub samples of the dried ltter were retained fiiali chemical analyses. Litterbags containing
5 g of dried ltter were placed on the plantatitworf within the sub-plots and tethered to an
anchor. The literbags were made of nylon bagsOok 110 cm with 1 —mm mesh openings on
top and 0.1 —mm openings on the bottom. The meeh are to allow access to the mesofauna
(e.g. mites) and the microfauna (such as nematom&s)the ltterbags. Smaller mesh sizes
(e.g. 0.01mm) tend to exclude valuable soil fawmbich can aid decomposition of fallen leaf
itter. In summary, 90 Ilitterbags were investigatdaoughout the period of sampling (i.e.3
rubber stands x 2 plots x 3 replicates x 5 calies).

Litterbag Collection and Nutrient Analyses

A single literbag was collected from each sub-p@ifker: 1, 3, 6, 9, and 12 months respectively
from July 2005 to July 2006. This sampling regimasvwchosen in order to be able to compare
mass loss over time at three month interval. Afech collection, litterbags were gently
cleaned by hand to remove extraneous materialehatla(e.g. sand and soil particles and
detritus), oven-dried at 60°C on the day of cadectunti weight stabilization. After drying,
the litterbags were weighed and the mass loss magee was determined. The fraction of litter
decomposed was calculated as the difference betiiveemass of litter initially present in the
tterbag and the mass of the remaining ltter ongeen time. Samples were miled in
laboratory mil equipment, and were analyzed fotaltacontents of N, P, lignin and other
elements (such as NaP, C&', K%, and Mdg%'). A micro-Kjeldahl digestion method and
Technicon Autoanalyzer was used to determine ttaé o For phosphorous, the ascorbic acid
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method was used (Rezené¢ al, 2001). Total organic matter was estimated &s-dm-
ignition after incineration of known mass at 800for two hours. The carbon content was
estimated as Wesemael (1993). The structural coenon(e.g. lignin and celulose), were
obtained by the acid detergent fiore method (vaes§dl963), and for cations (NeC&*, K*,
and Md@*) using nitric acid digestion, folowed by analysigth atomic absorption (Perkin-
Elmer Corporation, Norwalk, CT, USA).

The remaining mass in the ltterbags (%RM) and imnga amount of mineral and organic
nutrients were calculated as percentage of idiabunt (Wesemael, 1993). Decay constants
(k) were obtained assuming simple negative expoteti&iaay (Olson, 1963):

X = Xoe'kt

where x is the weight remaining at time Xo is the original masse is the base of the natural
logarithm andk, the decay rate coefficient (Olson, 1963), wasdftto the weight loss data.
Half-lives (o.5) of decomposing litter (i.e. the theoretical timequired for decomposition of
50% of the mass) were obtained following the mdaelOlson (1963). Nutrient content of
decomposing leaf was derived as:

% Nutrient remaining- (Cyx (DM x 1072

G DM
where C is the concentraton of the element in liter Ime ttime of sampling;Co, the
concentration of element in the initial litter kefur decomposition;DM, the mass of dry
matter at the time of sampling aridMo., the mass of dry matter kept for decompostion
(Bockheim et al, 1991).

Statistical Analyses

The differences in data was obtained by Tukey vt p<0.05 after application of one-way
ANOVA. Al statistical analyses were performed gsi$SPSS for windows Version 11.0
(SPSS, 2003).

Results and Discussion

The soils used in this study are characterised hey quick and complete transformation of
organic matter and the rapid removal by leachingde€omposition products, soluble salts,
exchangeable bases, and siica (Lal, 1989). Theynatodiffer significantly in their chemical
and biological characteristics.

Table 1. Chemical properties in soil depth (0-20cm) under Rubber (Hevea brazlienss)

plantation
Age Org. C Tott N C/N P Ca Mg K Na
( %) (%) <«—— mgkg hdyri——
40-year-old 38.6 2.3 169 6 82 31 24 32
15-year-old 54.3 48 113 10 60 26 22 28
5-year-old 40.5 4.2 96 5 105 50 49 36
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Although, the initial nutrient levels of leaf lite do not differ significantly K < 0.05) among
the rubber age stands (Table 2). However, thaliniitrient contents of the leaf liter of
younger trees i.e. the 15 and 5-year-old rubberdstare relatively higher than the 40-year-old
rubber stand (Table 2). Litter from the differertiblver age stands differed in initial
concentration of lignin nutrients, C/N ratios, aNdP ratios. Initial C/N ratios ranged from 36
to 41.

Table 2. Initial Litter Chemistry

Litter Nutrients (%) LAI N/P  C/N Lignin/N
Age stand N P Ca Mg K LigrinCellulose

40-year-od 0.61 0.025 4.38 0.18 1.25 20 32 87 351 4202
15-year-old 0.73 0.026 520 0.29 195 13 33 96 456 3283
5-year-old 0.71 0.022 5.00 0.20 145 16 30 78 26 4117.9

8 Lignin is acid detergent lignin (van Soest, 1963).
1Loss on ignition at 50 (%)
2Carbon content = (LOIx10)/2 ((mggiry matter) (Rezende et al., 2001)

The lower the initial C/N ratios of ltter, the naorapid were the decomposition process. C/N
ratio in the bodies of microorganisms is not omgsl variable but also much lower. It falls
between 5:1 and 10:1 and in the soil microbes inastporate into their cells about eight part
of carbon for every one part of nitrogen (.e. awsy the microbes have an C/N ratio of 8:1)
(Snowdonet al.,2005).

Decomposition rate

Mean dry weight of the remaining litter in the e@lfnt rubber stands during the decomposition
period are presented in (Table 3). A significanissndoss (p<0.05) was observed in the first
three to four months for all the rubber standsthin 15-year-old plot, a significant reduction in
mass (c. 70%) was observed within the first six th®rfp<0.05). Many workers (Arangureh

al.,, 1982; Kumar and Deepu, 1992; Kunhamu, 1994; ele§@95, Carvalhcet al, 2005) had
reported a fast rate of decomposition for ther IiGé tropical tree species. Half Ives § and
decomposition constant (k) were 9 month and 0.@&&pectively for the 15-year-old stand and
10.5months, 0.447 and 11 months, 0.408 for the ntD&year-old stands respectively (Table
3). The value of k indicates the relative rate etamposition in a month. This suggest that
67.8% of 15-year-old age stand leaf litter, 44.7R4@year-old age stand leaf litter, and 40.8%
of 5-year-old age stand leaf liter are decompowsedne year. These correspond to half-ives
ranging from 9 months to 11 months. The modestjizeni decay rates observed in the 15-year-
old plot may be attributed to favourable site ctima8 and impact of soil biota.
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age stands
Age Kk b.5
40-year-old 0.447 10.5
15-year-old 0.678 9
5-year-old 0.408 11

Soil temperature and moisture content have bemged to the rate of decompostion. At

favourable condition such as increasing temperattibere is an exponential increase in

decomposition. In the present study, constant feighperature and moisture content ensure the
fast rate of decomposition.

Table 4. Mean dry weight (g) *SD (n=3) of litter remaining in 40, 15, and 5-year-old
rubber stands.

Time (months) 40 15 5 F P

0 5.0 5.0 5.0

1 3.65+ 0.12 3.01+*0.18 3.71x 0.2 23 <0.01
3 3.02+ 0.2 2.45t 0.19 3.35% 0.2 27.3 <0.01
6 2.62%f 0.14 1.38% 0.12 282+ 0.8 19.2 <0.01
9 2.25* 0.28 0.80* 0.02 2.42*0.28 105 <0.01
12 1.09% 0.19 0.11%* 0.05 1.16% 0.14 20.6 <0.01

Note: Same letter indicate samples which are rgptiscantly different (P <0.01) within a row
using Fisher's LSD

Soil acidity extremes (pH < 4 or > 9) may severeljuce decomposition rate (Snowdsinal,
2005), however, for the study site soil pH was leew6.20 and 6.56, which is favourable to
rapid decomposition of ltter. Percentage of ltiemaining at three monthly intervals in the
study sites were presented in Fig. 1. The timertakr 95% decay was moderately faster in
the 15-year-old rubber stand than the 40-year-oldl Byear-old plots. For instance, weight
loss (95%) was completed by the by th& ®onth in the 15-year-old stand while it wash10
and 11" month respectively in the 40-year-old and 5-yddrpiots respectively.

Between the 8 and 9" month all leaves from the different rubber standsease in weight and
subsequently the rate of decomposition decreasediyra The ltter from the 15-year-old
stands decomposed faster than other stands, asdrdéleases nutrients faster. The lowest
decomposition was found in the 5-year-old stand.orédver, the residual ltter mass declined
exponentialy with time in the three plotg (ralues, 0.92 for 15-year-old, 0.88 for 40-year-old
and 0.80 for 5-year-old plots respectively). Thslidated a good ft of the model to the
observed data.) (Biarat al.,1990; Martiuset al.,2004). Percentage weight of liter remaining
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after the 12 months period was 8 % for the 15-ydérrubber stand, while that of the 40- and
5-year—old stands were 22 % and 23 % respectieyvalue of k in the model was estimated
to be 0.447 for the 15-year-old stand, whie k Was38 and 0.574 for the 40-, and 5-year-old
stands respectively.
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Fig 1: Weight loss of rubbeHgvea brasiliensis Willd. Muell-Arg. Euphorbiaegdeaf litter
under 40-, 15-, and 5-yearold plantation.

The decomposition pattern was in two phases witliniged rapid phase followed by a slower
phase. In these phases could have occurred theofos®luble and easiy decomposable
compounds, which characterizes the first phaseeobuhposition (Songwet al, 1995). Hegde
(1995) suggested that this might have triggered ativity of soil fauna and soil microbes,
which are responsible for the decomposition. Sdter there was a tendency to stabilization in
mass loss as a result of the breakdown of morelesisgmpounds as sugar, amino acids as
well as lignocellulose material (Rezeneéé al.2005). These compounds could have inhibited
mass loss. In addition, the high leaching losséswater-soluble fractions from the

decomposing materials during the rainy periods tmiglive resutted in a heavy mass loss
during the inttial phase

The rapid rate of decomposition of rubber littesnk July to November indicates its significant
role in crop production. The organic recycling achd by litter decompostton and its
subsequent impact on sustaining crop productmtyrubber plantation with large quantity of
leaf Itter was thus reiterated. Faster initial @ecates may reflect easily decomposable tissue
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and readily mineralizable elements (Svett al, 1979; Sundarapandian and Swamy, 1999).
Residual tissues decompose less rapidly and therefdatively slower rates in later stages
may be attributed to accumulation of more resistanstable constituents in residual litter mass
(Sundarapandian and Swamy, 1999, Sreelkdlaal., 2001). There are reports that litter
decomposed completely within 7 months in moist dlemis and moist evergreen forests in
tropical environment and more or less one yearemperate deciduous forests (Ovington,
1962). Nevertheless, Singdt al. (1993) reported that only 3 to 5 months were requior
complete decomposition of leaf ltter of some intpot tree species in tropical deciduous
forests. The implication of the foregoing is thaltrient cycling in tropical ecosystems not only
varies regionally, but also locally in response tapo-edaphic condiions and variations in
floristic composition of vegetation.

Decomposttion rates of leaf litter from the difiererubber age stands differ slightly (with the
15-year-old stand being higher) and this can bete@lto the initial nutrient composition of the
leaves (Melilo et al., 1982; Bubbet al., 1998). Other authors have attributed variabiity
morphological characteristics of folage (Songwe al., 1995). Other factors include the
properties of the substrate (leaves), the avajalmfF moisture and temperature and the N
content of the leaves (Sreekakal.,2001).

Net change in C remaining after 52 weeks (Tablee®)bited a pattern nearly identical to

percent mass remaining among the three rubber sstafeimporal patterns in C remaining

through the study period also closely resembleetr@ismass loss. N content in the initial litter

was lower than the organic C content for all stabdsause tree species tend to reallocate
higher proportion of leaf N to perennial tissuedolee leaf fal, therefore making a more

eficient use of N (Chapin, 1980). Moreover, deazyorganic materials can be delayed if

insufficient nitrogen to support microbial growtd neither present in the material undergoing
decomposition nor available in the soil solutionthe first six months. The net percentage of P
remaining in the plantation site also exhibited adtgyn simiar to C. |Initial loss of P in the leaf

itters could be attributable to leaching. After Ifonths, all the treatments (leaves from
different age stands) showed a release of P, Imsutdith not exceed the remaining amount of
nutrient (Table 5).

Table 5: Percentage C, N and P remaining in the leaf litter at the rubber plantation after
52 weeks. Standard errors of the means are in parentheses.

Age Carbon Remaining (%) Nitrogen Remaining (%) Phosqis Remaining (%)
40-year-old  34.2A (8.3) 56.4A (4.7) 52.2A (6.1)
15-year-old 21.3B (3.6) 35.9B (1.5) 34.2B (4.5)
5-year-old 26.5C (1.1) 38.3C (0.7) 44.2C (2.8)

Means within each age stand with the same uppeteise are not significantly different at alpha08.level
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Litter quality factor important to decompositionclide compositon of organic matter, C
fractions (such as extractables, celulose, heolsd, lignin), concentration of polyphenols
(including tannins) and nutrient content (e.g. C; Ignin: nitrogen ratio). Litter with high
concentration of nutrient and lower concentratidnlignin and polyphenols wil decompose
more rapidly and net mineralization begins eafi@nowdonet al, 2005). Low values of C/N,
ignin and polyphenols all contribute to high fittguality and high speed of decomposition
(Table 6). Cellulose decrease in all treatmentselew there were no significant differences.
This decrease was approximately 50%, 46% and 42%hdo 15-, 40-, and 5-year-old stands
respectively. The C/N ratios of ltter affects|qmibcesses such as the rates of decomposition
and net N mineralzaton of organic matter and #eailabiity of nutrients to the soil
(Handayantoet al., 1997; Snowdoret al, 2005). The ratio of carbon to nitrogen (C/N) in
organic residues in the sois is important for tweasons: (i) intense competition among
microorganisms for available soil N occur whendess having high C/N ration are added to
soils, and (i) the C/N ratio in residues helpsedeine the rate of decay and the rate at which
ntrogen is made avaiable to plants (Pagioro ambnBz, 1998; Issac and Nair, 2004;
Snowdonet al.,2005).

Table 6. Litter Quality in relation to lignin content, polyphenols content and C/N ratios of
the three rubber age stands

Age Lignin % Polyphenols % C/N  Decompositi Litter
Constant (k)* Quiality
40-year-old 18 2.5 44 0.135 Medium
15-year-old 8 1.4 15 0.230 High
5-year-old 11 3.2 29 0.164 Medium

* Note the larger the decomposition constant k,fdster the decomposition.

Availabilty of nutrient from other soill pools alsenhances decompostion rates if nutrient
concentrations are low in the litter. The 15-yeldr-mbber stand thus have better litter quality
than the other two stands going by the amount tiEénti returned.

Concentration of nutrients in decomposing litter

Release of nutrients during the decomposition sHowet Ca&*, N, and P tended to be
immobilized, with rapid weight loss. The litter®rh the 15-year-old rubber stand lost only 34
% of P during the 12 months decomposition an itidicathat partial immobiizaton of P
occurred. Concentrations of P in all rubber standseased in the first 6 months, folowed by a
gradual decrease latter. Available P is completekained in within the plant-soi-microbe
system because P tend to accumulate over time e mefractory soil organic pool an
“occluded” inorganic pool (Crewst al, 1995).This causes significant hydrologic lossPGF-4
and dissolved organic P (DOP) (Hecaihal, 2003).
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Calcium loss rate was also less than the weighkt fios all the three rubber stands e.g. a 29 %
decomposition loss of Gacompared to a 50 % weight loss in the 15-yearstdshds. There
was no significant loss of calcium from the rublstands during the study, as it remains
consistent during the study. Evidence exists tktatr land soi-inhibiting fungi can concentrate
substantial amounts of calcium (Cromack and MonB75). Although the initial K levels
difered among different age stands, the changesoncentration of these elements were
simiar for all three rubber stands. Percentageakkd M@" loss rates were greater than weight
loss for the 40 and 5-year-old rubber stands! Idss during the first 6 months for the litter in
the 15-year-old rubber stand was 56 %, whike liss was 58 % for 40-year-old litter. RAg
loss was 48 % from 15-year-old liter and it was%3rom 40-year-old litter. Major reduction
in K* occurred in the first 6 months, followed by ltidhange subsequently. Nutrient release
from decomposing leaf liter is in the order of KMg?*> Ca&+> N >P.

Conclusion

At the end of the 12 months (52 weeks), increasegeight loss followed by a decrease in the
subsequent collections were found throughout theystThis is a common fact in studies using
the litterbag technique (Olah, 1972; Sveékt al., 1979; Rezendet al., 2001). The rate of
decomposition of rubber litter in the different bbb stand varied significantly, but followed
the same pattern of initial rapid decompositonvdusable moisture and temperature regimes
during this season (July-November) must have ¢oméd towards the faster rate of
decomposition. While litter decreases with timetaltmutrient content can increase, decrease or
fluctuate according to the balance of gains andselbsof nutrients by decaying litter
components. The result of the study revealed tftat ¢he sixth month, the decomposition
process continued, though at a slow rate, gradiedghed a maximum by the end of the year
for the 15-year-old stand. This implied that evdéieraone year of exposure not all the original
material was decomposed. It is well known that equent upon decomposition of any organic
matter added to soil, the native soil organic matilso begins to decompose and in this
process, more quantities of nutrients are lberdteduse by the plant through priming action.
The decomposttion rates for rubber in this studg In the upper part of those reported for
temperate forests and in the lower parts of thgerdor tropical forests (Songwet al, 1995).

Comparison of decay rates and final per cent massining among the tree stands in the
study area revealed interesting patterns. Althotlgh ltterbags in the three stands were
exposed to simiar microenvironment and edaphicditions, the 15-year-old stand decay
significantly faster than the other stands. Pattédrochange in the concentration of N, P, and K
was approximately linear to mass loss. The lardesty coefficients were observed in the 15-
year-old rubber plantation during the peak rainfallhis shows that the large litter stock
accumulated during the dry season were rapidly mposed in the folowing months. It also
point to the effects of the heavy rainfall premgiiin these months on litter decomposition
(including fast leaching and high humidity. The dstualso implicated that litter qualty is a
primary factor governing decomposition. Bargzti al (1993) report that the older plantations
(40 years old) ofEucalyptus cause a chemical and biological degradation s, ssind this
collaborate the results of this study which rewedleat the 40-year-old rubber plot decompose
slowest and return lesser amount of nutrient tcsthie Base on this study, we can conclude
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that the 15-year-old rubber plot exhibited fastate rof decomposttion indicating that the old
trees that have passed theirr productive age needketdeled and replanted, whie external
inputs is needed in the 5-year-old plot to enhanatient cycling and promote sustainable
production. However, considering the importancetreés in reducing global warming, The
older trees can be used for rubber agroforestrypgsar as practiced in the Amazonia and
Indonesia until it can no longer produce latex. B&rbwood is also important for furniture
making which can be a long-term store of carbon.
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