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The study was carried out to investigate the rak of decompositicn of Gmelina arborea Robx leaflitter in an age series in 
Gmelina plantation in shaga forest re- In a Nigerian low land Forest. Rate of dacomposidon of Gmeha leaf litter was 
datffmined using litter bag technique and mass balance analysis t c r  quna!iPy tbe rate of leaf litter dmay in the stands. Data 
wllected were mayzed using descriptive and inferential statistics at 0.05 level of significance, 
Witrogen(N) and Phospharus(P) wwe significantly diffktent among @e three stand ages @ c 0.05). 4 fast decomposing rate 

.of lhe leaves relatively increaks P after mineralization. Nimw. Pbosphcuus, Calcium and Magnesium d e A  
slgnifrcantfy with soif depth, while Potassium and fH shpwad n.o.agnificant mociation with soil deplh. There was a 
decrease in sand and silt percentages with increasing depth. Clay content however increased with inaeesing soil depth (PC 
0.05). Decomposition constant (K) of 0.08 was found for the leaves, with a a o v w  time of 3 to 6 months. Macro 
nutrients conwntratioa in the leaf littw d m  in the ordw C e  N> P> K. The study revealed that tho rate of 
decomposition is very fast in the studied site. 
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m R o D U ~ O N  
Decornpositi~n of organic materials is a term g m d y  used for my changes in litter 

Guchemistry, qpearance, and weight. It d 1 y  occurs on the forest floor where bacteria, fungi a d  
ather micro-orgmhm are the earliest colonizers of fresh litter (OIa-Adams, 1987). The activities of 
micro-organisms in tbe soil depend largdy on the soil; nn acidic soil is known to hhibit microbid 
processes necessary for organic matter mineralization and nutrient release. Tbe deficiencies of these 
nutrients, affect soil fertiIity and vegetation. Organic matter decomposition occurs under condition of 
moderate ternperah and soiI moisture content. Temperature and precipitation play a very good role 
in detamhing the rate of organic matter decomposition. In temperate coiniferous forest, litter 
accumulates, while in the tropical forests, %ere. is little or no litter accumu1ation (Madge, 2965). 
Landelout and Meyer dted by Ojo (2005) in Cohgo noted of 1.3% and 0.9% litter accumulation per 
day for temperate and tropical forests respectively. In badan, this v&es between 0 and 0.6% per day 
during the wet season. 

Nwoboshi (2000) observed that the disappearance rate of litter generally foliows an 
exponential decay curve, indicating that the telative rate of weight Ioss remains at a constant 
proportion of the weight rwnaining at any given tims. This shows that the absolute weight loss is 
relatively rapid in earIy stages but sIows down with ,time from commencement of the decay. This 
relationship according to Ofson (1963) is usually expmsed by the equation: 
X '  - = g-b < rr .  r...., ... ...... ....*I .I* ..I I.. 41. ......l....l .-. 
Xo 

(1, 

t 

Where; 
X, = the original amount of liner. 
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. . .  
a m o w  of Ziitw re~flclin~~ at latter time 
the bass ofthe ndural logar i th  
time span between Xo ahd X. 
ciecmps'i.lioa constant.. 

Statistical estimation of the slope of the quaqon wiU provide arn estimate of decomposition constant 
(k) thus quation (I) can bc simplified as .hllo&s: 

. . ............ x = X, e" ............................................ ;:... @I 

By substituting Ln & - Ln ~ w f t h  y' in,~~lratibtt' 0, it becomes yt - d ,- 
The slope of the equation is therefore. . . 

- Cr' - k 1 ............................................................ Cf' ...... 'a. 
#-. 

(k) (decomposition constant), determines ih; of decumposition and provides a cornman basis for 
comparisons of decay rat& in the forests. Olsbn (19631 stated that the d n t a h  of k range from high 
values of about M, in the African tropical .&rest dawn to I for the forest of Columbia. The pine 
fares$ of South-Eastern United States havc valum of about I ~ 0 . 2 5  while Minnesota pine f o e  range 

. down Ime to k0.06525. . 

Ofa-Adams 11987) recorded decompdaition rates of 0 - 7% per day in Gambari forest reserve 
, while Egunjobi and Fasehun (1972), obscrvd that it .?nvuld take about two years far pine litter to 

decompose completely. Hopdm (2966) in his study irt South W-Nigeria pointed out Ulat it 
would take 3 - 7 months for totaI litter &ay in Omo-forest meme but less than I month in 
Olokemeji forest reserve. Vedrova (1995)'stated that. the rate of release of organic and mind 
products- during decomposition of plant r d i i i  is similar to their Wval with the mud litter fall, 
The rates of transformation of broad leaves and c w i b s  however diBx in the amount of annual 
returns of water; solute; C: N and ash eleinents to the soil. The amounts of litter. in the conifer 
plantations are about 3 times those in the broa$ - leaved ~lantations. 
It is therefore important to h o w  &$'the quality of fitter can Muence the fluxes of decomppsition. 
The degree of Iiigaificatiom, nutrient compo&ition, soluble molecules 'and stimul&wy or allelqatb~; 
molecules of biologically significant concentrations, have diffmnf influices on both the physid 
ehviroment and the resource quality intkractions (Swift and Andason, 19$9).Ru@l (1973) noted 
that plant materials with high lignin conknt hhd- a high proportibn of cellulose en-crushed Mth lignin, 
resulting in slow decompositiori rates sin-, lignin cantent renders mbh litter inaccessible to 
dwmposem. 

Tanner (1 98 1) recorded marked diff&ences in dexy rates between tree leaf speoies in the same 
environment in the MentElne region of Jamaica, while Edwards (1977), speculated thdt the quality of 
resource may change with time due td the palatability. af such litter to the soil fama following tbe 
removal of deiopatbic materials. It is therefwe evident that decomposition depends on the speciek H 
tbe forest or in the forest plantation (EgmjoM, 1974; Oh-Adam 1971; Okeke and Omaliko, 1992). 
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~ecordiig to studies in various Nigerian ecosystems, some micro - organisms involved in litter 
&wmposition have been identified and documentsd. Fo.: example, Hopkins (1966) pointed out that 
mites rather than micro or^ in Olokemeji arid Omo forest resrves cause wood 
b m  sition. Madge (1 965) recorded. a tofd of 38009!m2 of micro fauna in the wet season and P Wm in the dry season in Ibadan. He observed tbat"decompusition was due to the activities of 
m i t e s  and collembola in a secondary re-growth forest in Lbadan. hebikan (1979) noted that over 
60% of the micro-duopods in the forcst litter and soil were made up of Acarina in a secondary re- 
pw&h tropical forest in Ile-Ife. Amakiri (1 979) stated hat  there were mre  bacteria than fungi in pine 
plots and the number increased with the age of the pines. The increase in number was attributed to the 
@ sctt more organic matter was available under the older plots. 
Ih relationship between .the rate of Btter decompositiou and nutrient release has been exmined by 
Cltevas and Medina ( 3  98 8) in the Podsolized Sands of 1,'ierra Wrme near San Carlos de Rio Negro in 
he Amazon basin. They observed that the rate of littel decomposition was inversely proportional to 
the l i g h  content and the lignin per nitrogen ratio of sut:h litter. Therefore, the nutrient to be released 
will depend on tlie type of vegetation. This means that nntrieut release under natural forests and mono- 
p i f i c  tree plantation will be different EIS a result of species composition. This study was therefore 
wried out to investigate the rate of leaf litter demntposition in an age series Gmclina arborea 
plantation ip lowland rainforest znne Nigeria 

MATERIALS @ METHODS 
' 

study was *ied out in the Gmdjna arbot-ea plantztions in Shasha Forest Reserve (SFR), 
Osun-State Nigeria. The forest reserve is located betwem Lats 7' and 7' 3% and longs 4' and 5%. 
The total annual rainfall ranges fnrm 887- to 2 18Omm. Tke mean annual ttxnpcture is 26 .5 '~  with * annual range between 19.5'~ and 32.5'~. Shasha 170rest Resewe is generally undulating with 
b i o n a l  flat terrains. .The area is drained by three mGor rivcrs namely, Owe-, Oni and S basba . 
Jada (1 977) and Kio (1 978) described the geology and soils of S h b a  Forest Reserve as composed of 
undifferentiated crystalline rocks (basement complex) with the rocks made up of granites, gnesis and 
schists with occasional rock out - crops on riverbeds. The soil belongs .to the ~erru~inous tropical 
group, wbich varies in depth h m  a few centimetms ~9 rack out crops and 1 - 2 metres in areas 
occupied by large trees. 

Data CoIlecfion 
A reconnaissance survey of the study a m  was cmicd out for the purpose of establishing 

experimental plots. Nine (9) plots (three plots per stand of 20 x 20-m 0.040ha) were sdccted randomly 
from the 1976,1977 and 1978 stands in M m h  2005. The choice of three sample plots p r  stand was to 
ensure fair representation of the plantations, which is about 115 hectares. The sample plots were 
delimited with pegs and the boundaries cleared. 

6 

Litter fall coIXection 
An experimental unit 20 x 20-m [0.04ha), replicgted three times in each stand represented a 

sample plot for this study. Three sample plots (smpling,,units) were randomly selected in each stand. 
In each selected plot, five litter traps were randomly located. The litter traps were made of wooden 
frame (1Ocm) and plastic mesh base (lmm) to allow h e  passage of rain water. Each litter trap was 
raised on four wooden legs, 40cm above the ground, to atloid the decay of litter after being trapped. UNIV

ERSITY
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Rate of Decomposition 
Rates of weight loss and mineralization of leaf litter were investigated using litrerbag technique 

to quantify the kinetics of leaf li- decay ig. each stand (Bocock and Gilbert, 1957; Chuyong et PI, 
2000, Ojo, 2005). This experbefit started onlAugust 1,2085. P M c  sheets raised abut 75cm on pegs 
were spread at locations in each stand to collect fxeshly fallen leave$. The plastic sheet was perforated 
to provide tiny I~olcs to drain water resulting Erom thm~gh fbU. h v e s  of GmeZim mboreu trapped 
were collected daily (mornings and evenings) for 10 days (1 5 - 25, August, 2005) and were air - drid 
. at the Rest House in Area 4 (Olorunsogo). Twenty grams of *-dried leaves of Gmeii~a arborsa from 

1 
each stand were endosed in eighteen 20 x 20-cm green i~ylon Iitter bags of lmm me&. Initially, one 
ba each containing leaf litter collected from Sl , Sa, Sj, was set aside as initid samples, oven - dried at 0 80 C and weighed to obtain the initial mass IXo). These m e  then miIled and stored, in sealed plastic 
bags for later chemical analysis. One 5 x 3m plot was ldd in each stand and delimited with pegs. l 3e  
pIots were selected on a rciatively flat ground, which was freely drained. This selection was primarily 
to avoid litter bags being flooded in Eke wet season. The 5 x 3m plot was further divided into 1 x I- m 
quadrants. Lit& was removed h m  the forest floor so that the nylon mesh bags would have direct 
cantact with the forest floor. Six litter hags containing 208 of Gm~lina arborea leaf litter were 
randomly a s s i~ed  to each quadrant in each stand. Each litter bag was inchord to a peg to avoid 
hovement. At intervals of 4 weeks, one bag was removed  om each stand (i.e. monthly harvest of 
thee litter bags). The litter bags were put in labelled plastic bags and transported to the laboratory. 
The residuai leaf litter in each litter bag was thoroughly cleaned to remove all'exogenous materials, 
including roots. and soil particles, and then oven dried at 80% for 48 horn. Samples weighed 
after re-dry ing for 3 hours and then milled through Q . S m  mah screen (WiIey), and stored in weU- 
sealed polytkene bags fw chemical analysis. Two miiLgram of the milled leaf litter were acid- 
digwted and analysed for total N, P, K, Mg and Ca. Nitrogen and P in the samples were .determined 
colofmetrically using the ammonia dicyktte metb0.d for N and phosphomolybdenurn method for P. 
Concentrations of K, Mg, and Ca were determined by atomic spectrophotometry. These analyses 
foIIowed h e  same procedures adopted by Chuyong er al. (2000). 

_* 
Determinntion of decomposition constant: 

F r k  the resulting dry weights, decomposition rate was determined using the r e p s i o n  equation. 

Where, 
X, = percenfage of litter remaining (,, at lime (0 
XO = o r i g i d  weight oftitier (@ 
&p = exponential 
t = time in weeks 
k = decomposition constant. 

The decomposiiion constant was then detentined by using the basic programme of the Analog desktop, 
computer noting the regression of agai~~st t The level of significance was then tested u&g the F- 

, dstrfbution and LSD method (Olson, 1963; Ojo, 2005). 
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RESULTS AND DISCUSSIONS 

titer fa11 
, Liffw fall (especially leaf fall) occurred throughout thc period of collection (13 months), in the 

&ds@). Through decomposition, litter nufients are transfed to the mineral soiI nutrient pool. 
Ments are released at thii stage largely as by-products of microbial scavenging for other vital 
eaergy. The rate of breddown of li#q by microbes &pen& on the chemical quality of Ihe moterid 
activities of micro-fauna and the prevailing nenvimmental kditions (Nwoboshi, 2000). The 
percentage of the nutrients in the s t d q  mass of dqomposing Gmelina arborea leaf litter in the 
&nds is shown in table 1 and the monthly rate of dhpg camnce (KL,) of leaf litter are given in table 2. 

Table 1: Initial weight of decomposing Gmdirza arbomt~ Ieaf Iitter in 3-stands af GmeIttn 
plautation in Shssha Forest Reserve 

Table I presents the percentage concentrations of nitrogen, phosphorw, potassium, magnesium and 
d c h  in the leaf of Gmelina mborea before decomposition. The concentration of nitrogen CN) was 
greatest in all the stands, while potassium 6) concentr~tian was the least. Stand age affected nutrient 
concentration of the leaf litter, On the whole, elemental concentrations of Gnzelina arborea leaf in the 
age series we in the following order; Ca > N > Mg > P 3 K. Evans (1979) observed a declining 
concentration of nitrogen and potassium with age in Gmelina arborea, but in this study there are no 
significant variation in tbe concentration of the nutrisnts. The reason for this observation can be 
attributed to the closeness of the three age series. Consequently, the nutrient concentration in all the 
stands followed the same trend. 

Nwoboshi (2000],rioted that the disappearance of l i b r  genefly follows an exponential dewy c v e ,  
indicating that the reIative rate of weight loss remains at a constant propartion of the weight remaining 

, at my given time. Thii shows that the absolute wight loss is relatively rapid in early stages but slows 
dawn with time that elapsed since the commencement of +he decay (Figure I).- 
The decomposition was Easter than expectd during the fist 2 months in dl the ages. At 3 month (12 
weeks), leaf litter in all the stands had almost decomposed corqpletely, However a relatively low mass 
loss was observed from the tbird month onwards (Table 2). Afkr the initial weight loss, the 
subsequent rate of Ioss (3-6 months) was significantly Ucrent in dl the stands at P = 0,000038 in S1, 
P = 000002 in S2 and P = 0.0000Q3 in 53 respectively. 
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Table 2: Rates of disappearance of Gnf~Ihza arboreu leaf litter in a plantation age series in 
Shssha forcst. 

Stand Age Litter bag Month Initial wt WLat a l # ~  Monthly rate of Month to compk 
X, gm%" time d e ~ a y ~ d ~ p g i n ~ 6 '  disappearance 

~gcn'z &I 

1 
I, 

29 1 
U 

Aug 20 11.80 0.5900 - 
2 . Sept " ' 3.50 0. f 750 - 

u ' 4C 3 Oct 1.60 , 0.0800 - U 

t l  Ib 4 Nov " 1.30 0.0650 - - 
n s t  S Dec " 1 .OO 0.0500 
u 

- 
' 4  6 Jan 0.75 0.0375 6 US 

2 28 1 Aug 20 11 .SO 0.5750 - 
I t  I& 2 Sept " 2.70 0.1350 - 
t l  L4 3 Oct 0.80 0.0400 - * I  

$1 11 4 Nov " 0.50, 0.0250 - 
L l  (0 S Dec " 030 0.0150 - 
tt II G Jan . . : 0.10 0.050 6 a 

3 29 1 Aug 20 1 11.50 0.5750 - 
H U 2 Sept " ' :, 2.60 
.( '6 #I 

0.1300 - 
3 Oct 0.70 0.03 50 - 

st u 4 NOV . *' 1.' 0.50 0.0250 - 
u t l  5 Dec " 0.30 0.01 50 
It 

- 
IL 6 Jan 0.10 0.0050 6 U 

Table 3: Correlation result of Gtndha lcaf litter after decomposition 
R" l ~ ~ a d j  SE P-lev4 

S1 0.97 0.97 0.439 0.00003 8 
S2 ' 0.99 0.97 0.328 0.000002 
S3 0.99 0.99 0.377 0.000003 

- 
The effects of age and time were not simcantly different iq all the stands as shown in Table 

3. l i e  nutrient in remaining litter biomass (the rwldue) of the 'original litter at later stage of 
decomposition is shown in (Table 4). Also, 'after 6 .;nonths of decomposition, the rates df decay, 
damposition constants (K) and hum over times in each stand for all the ag'es am shown in (Tab la  
Decay rates, monthly decomposition constants and turn over times in all the stands were not 
significantly Werent at (= 0.05). August to October constituted the most actiw period of litter 
mineralization, while December to January was dry and very 1ittIe decomposition is expected during 
this period. Table 6 contaim the annual litter fall, decay rates, decomposition constants (K) and turn- 
over timw in each stand of Gmelina arberect plantation age smi in Shasha forest. 
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Tnble 4: Mean concentrations of nitrogen, phospborubi, pt,tassium, vngnesium 2nd calcium i11 

be rcsidna l leaf litter of Gmelina wborea in an age series h Shasha Forest Rescrvc 

Littrzr frill and productivity ill the forest ecosystem. 
The study of litter fall in any forest ecosystem is an -xitiat step in the study of ecosystem 

' productivity. Leaf fall in particular is measured by sampling of leaves, h i t s ,  small, branches (> 1 Ocm) 
and other litter fall (Songwe1 98 8). Kira quoted by Songwe, (1 984) found that more than 87% of litler 
fall was of plant origin and leaves amounted to 63%. Bray and Gorham (1 954) observed thbt litter 
represents an amount somewhat less than leaf production owing to intrinsic and extrinsic wight losses 
prior to and following abscission which may be wed as a guide to mnxi~num levels of total net 
production. The l ed  mass and leaf area formed annually in any forest sthd hcrease during the first 20 
years, but as the canopy closes, tbe leaf mass and leaf aren index remain almost constant. The I~cight of 
the campy above the ground is what alters with upward growth of the h d c .  

Table 5: Decay rates, decomposition constants {KL) and turn - over times hi n Gmelbta age series, 
in Shasha Forest Reserve (Aug ZOOSSept 2006). 
Stand gm-'d'' Ag c Foreat type Decay rate mi) Turnover (months) 

I ' 29 G. arburea 1.01 0.629 9.53 UNIV
ERSITY
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Tabtc 6: Decomposition Constant (k) and turn overtime in i;melilza wboreir Planhtion age scriu 
ia Sbaehsl  ores st Reserve ' 

StRnd Age Forest type Leaflitter Decay r;~te . , (K1) Turiaovcr (~iontbs) 
I 29 G. arborea 0.02 0.06 6,29 
2 28 G. arborea 0.08 0.08 8.89 
3 27 G. arborea 0.08 0.09 9.04 

A large proportion of the nutrients taken up annually fillto the above ground components of the 
vegetation are returned to the forest fI oor in litter fall (Nwt~boshi, 2000). According to Bray and 
Gorham (1964), leaves small twigs, barb and h i t s  add from ZOO0 to SOOOkg of oven - dry organic 
material to the surface of fully stock hectare of forest in a year, depending on the forest type. 
Nwoboshi (2000) noted that in coniferous stands, the weight of litter fall may be Icss than 1000kg pcr 
ha, while in the tropical rain forest, it could be as much as 10,000kg. The under storey vegtalion 
including the'liana, also plays a significant role in this transfer process, especially in the early and Iater 
~ g e s  of development of the stand, when the amount of light reaching the under storey is greatest. 

2 3 4 
Asswment Pedorl (Month) 

Pigl: Rate of decomposition of Gttelina urborea Laf litter per munth across the assessment period 

Under relatively open conditions, this group will contribute up to 25% of the total litter (Bray 
and Ciorham 19643.The sbrubs and herbs according to Nwoboshi (2000) contain higher percentage of UNIV
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nutrient elements than m a h d  tree foliage, hence a good proportion of the a w l  nutrient return ta 
the soil comes though under storey con~ponents. 

Tl~e pattern and rate of Utter  Eall is largely determined by the species and the climatic regimes 
in that area. Lam and Dudgeon quoted by Ola-Ad- and Egunjobi, (1992) noted that litter faU 
throughout the year however the monthly mean rates of production of individual litter components and 
total litter do not necessarily correlate witb monthly mean temperatures or monthly rainfll. John 
(1973) noted that lleaf Ml is mainly scwonal while woody litter production is largely governed by 
physiological processes. 

8 .  . 
I 

' Fig2 : Percentage uf residual litbr ofGmeiina wbma a k s s  the ksessment period. 

Generally, wet season peaks in litter £dl throughout the tropics, but Acuciu aibida is an 
example of tree that losses its leaves in the wet season and remain leafy throughout the dry season 
Other researchers like Edwards (1979) and Proctor et al(1983) have also reported higher I d  fitter fall 
during the wet season in various pads of the tropics. This has been attributed to the high species 
diversity that chaxacterize these forests, indicating that litter fall may be spread out as a r d t  of 
interspecific differences in leaf shedding t h e  (Rogers and Westtnau quoted by Nwoboshi 
&00O).Tl1ese differences make it difficult to generah about patterns of litter fall within and betmen 
cbmplex ecosystems. 

. . 
Litter decompositio~~ and mineralimtion to a large exkt determine the mte at which nutrients 

are mdily made available to plant roots for a b s w o n  fmm the soilmutrient pool into the tree. The 
cycling of nutrient elements in an ecosystem involves a lot of physical and biological processes that 
influence eficient recycling system Mineral nutrient elements are generally added to the soil though 
rainfall, litter fall and decompositios retain location while nutrient elements are removed from the 
ecosystem through soil erosion, leaching, volatiliwtian, burning, unplanned fanning system e t ~ .  UNIV
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Decomposition of ~ r n e l i k  leaf litter was faster than one would have expected during the fist 
rn m&hs (2 Mo) of investigation (August - September) in the stands. At the end the nylon liller 
@ had almost decomposed. At the end of 6 months, all the smpies bad dwomposed co~npletely. It 
d d  therefore be put forward &at the half-life of GmeIina mborea leaf1Mzr is between 3 - 6 months 
Wbst is, the time that Gmelim arBorea leaf decomposed a d  h e r d i z e d ) .  The dccompasition constaut 
of GmeZina wborea i d  litter was found to be 0.08. The K value is useful for comparing 
Jceomposability of various types of litters 
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