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Abstract 

The decomposition of plant litter is one of the most crucial source of nutrients in forest 

ecosystems. Acacia senegal, a nitrogen fixing tree with potential to improve poor soil is 

planted in semi-arid zone of Nigeria for the production of Gum Arabic. However, there is 

dearth of information on litterfall, litter decomposition and mineralisation under plantation 

which this study investigated. Monthly variations in litterfall of Acacia senegal were studied 

for a year. Decomposition and mineralization of litterfall were studied using litterbag 

technique. Litter fractions were collected, oven dried at 70°C for two days, ground, sieved 

and analyzed for N, P, K, Ca and Mg. Data obtained were analyzed using descriptive 

statistics, regression and ANOVA at P = 0.05. Total litterfall was 3,111 kg/ha/yr. Litter 

decomposition rate was faster in the early stage of decomposition with 43.59% litter loss. 

Mean macronutrients (P 34.127; K 0.324; Ca 6.513; Mg 3.345cmol/g) in the soil under the 

decomposed litter (0-15cm) were higher than what was obtained in the decomposed litter 

(P 0.1584; K 0.3195; Ca 3.0547 and Mg 0.4847) except for nitrogen. The study revealed that 

Acacia senegal through litterfall and mineralization improved soil nutrient status under the 

plantation. 
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Introduction   

In most forests, the major source of 

nutrients for trees is the process of 

decomposition, which refers to the 

processes that convert dead organic matter 

into smaller and simpler compounds 

(Kuers and Simmons, 2003). 

Consequently, the growth and 

productivity of forest ecosystems mainly 

depend on the amount, the nature and the 

rate of decomposition of forest litter 

(Kavvadias et al., 2001). The importance 

of forest floor components to site 

productivity is well known. The 

decomposition of forest litter and 

mineralisation are the major pathway for 

providing organic and inorganic elements 

for the nutrient cycling processes 

(Mudrick et al., 1994).  

Trees in forests absorb nutrients from 

the soil to support their growth. At the 

same time some part of the nutrient uptake 
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is returned to the forest floor via litterfall 

(Guo and Sims, 1999). They are also 

important components of the global 

carbon budget (Aerts, 1997). The rates at 

which forest litter falls and subsequently 

decomposes contribute to the regulation of 

nutrient cycling and primary productivity 

(Wang et al., 2008) and the maintenance 

of soil fertility in the forest ecosystems 

(Onyekwelu et al., 2006; Pandey et al., 

2007). The rate at which litter is 

decomposed and mineralized depends on 

a variety of environmental parameters; the 

most important of which are the litter 

quality and climate (Berg et al., 2000) but 

the place of soil fauna and micro-

organisms cannot be underestimated. 

Initial substrate quality of litter such as 

concentrations of cellulose, hemi-

cellulose, lignin, nitrogen, phosphorous 

and potassium have been found to play a 

major role in litter decomposition in 

different ecosystems (Adejuyigbe, 2000; 

Osono and Takeda, 2004). Litter with high 

lignin and low nitrogen concentrations has 

a slower decomposition rate and 

immobilizes more nitrogen than litter with 

low lignin and high nitrogen content 

(Hendricks and Boring, 1992). As litter 

decomposes, concentrations of lignin and 

nitrogen increase (Berg et al., 1997). 

Decomposition process of leaf litter is 

generally divided into early and late stages 

with different dominant organic chemical 

compounds (Virzo De Santo et al., 2009) 

limiting the decomposition rate. In the 

early stages of decomposition, soluble 

components decay or are leached away 

very rapidly: cellulose and hemi-cellulose 

decompose faster in nutrient rich litter, 

thus the length of the early stage may 

range from a few weeks to more than a 

year. The late stages may encompass a 

large part of the litter decomposition 

process. Lignin and modified lignin like 

humification products make up an 

important fraction of the litter in the early 

stages in which their degradation 

dominates the litter decomposition (Fogel 

and Cramack, 1977; Berg et al., 1993). 

The rate limiting factors during the late 

stages include concentrations of nitrogen, 

manganese and calcium as well as climatic 

and edaphic conditions. Therefore, the 

objectives of this study are to determine 

litterfall, rate of leaf litter decomposition 

and nutrient release pattern through litter 

mineralization processes of Acacia 

senegal under plantation in a semi-arid 

zone of Nigeria. 

 

Materials and Methods 
The research was carried out in 

Maifari Gum Arabic plantations in 

Maigateri Local Government Area of 

Jigawa State, Nigeria. And the State lies 

between latitude12° 48′ to 18° 20ꞌ N and 

longitudes 9° 27′ to 52° 16′ E. The 

plantation used covered an area of 20 ha 

with an espacement of 6 x 6 m between 

and within the rows.   

Leaf litter was collected from each 

plot using rectangular litter traps made of 

wooden frame (100 x 100 cm) with four 

legs, 15 cm high and screen bottom of 1 

mm2 mesh sizes. Each litter trap was set 

15 cm above the ground level to avoid 

contact with the soil. The traps were 

located randomly in the plots but avoided 

the plantation edges. A total of 12 traps 

were set in four plots. They were emptied 

monthly for twelve months from October, 

2006 to September, 2007 and their 

contents air dried. 

Leaf litter decomposition rates and 

patterns of nutrient dynamics in 

decomposing litter were quantified using 

the litterbag technique. The litterbags (20 

x 20 cm) were constructed using polyester 

mesh of 1 mm opening screen. Samples of 
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bulked air dried litter of 100 g were taken 

and placed in each bag. The bags edges 

were sewn with fishing line and 

numbered. The bags were randomly 

placed on the floor of the plantation and 

pinned to avoid the displacement of the 

bags. A total of 24 bags were distributed 

randomly in July, 2008 at the rate of 6 

bags per plot.  Each month, 2 bags were 

randomly removed from each plot, 

cleaned, placed in polythene bags and 

transported to the laboratory. Litterbags 

were cut open and the contents were 

examined for extraneous materials such as 

macro-fauna, roots and soil which were 

none evident. The plant residues were 

placed in an envelope and dried in an oven 

for two days at 70°C to constant weight for 

the determination of remaining weight. 

Oven-dried weights of the residues were 

recorded, ground to pass through 1 mm 

sieves and then analysed for N, P, K, Ca 

and Mg. 

Nitrogen was estimated by semi- 

micro Kjeldahl procedure using selenium 

catalysts (Bremner, 1982). Phosphorous 

and cations (K, Ca and Mg) were 

determined after dry ashing. Phosphorous 

was determined colorimetrically and 

potassium by flame photometer. Calcium 

and magnesium were estimated by EDTA 

titration method using EBT and Pattern 

and Readers reagents as two indicators 

(Allen et al., 1974).  

Soil of Forest Floor from 0-15 cm 
The soil of the forest floor where the 

litter bags were placed was measured 

using a wooden frame of 20 x 20 cm to 

demarcate the area where the decomposed 

litter bag was removed. The soils within 

the frame (0-15 cm depth) were collected, 

oven dried and weighed. This was 

analysed for N, P, K, Ca and Mg elements.  

 

 

Statistical Analysis  
Decomposition rate (k) of leaf litter was 

estimated using the decay model below:  

X/Xo = e- kt (Nwoboshi, 2000). 

Where Xo = the original weight of litter at 

the beginning of study; X= the amount of   

litter remaining at a later time; t= the time 

that elapsed between Xo and X; e = the 

base of natural logarithms and k = the litter 

decomposition constant. One way analysis 

of variance was used to analyse the 

monthly loss in weight of the decomposed 

litter and differences in mean values were 

tested at 0.05 level of significance using 

Duncan’s Multiple Range Tests 

(DMRTs). 

 

Results and Discussion 

Plant litter production and 

decomposition are the two important 

processes which provide the main input of 

organic matter in soil and regulate the 

pattern of nutrient cycling in forest 

ecosystems (Singh et al., 1999; Weltzin, et 

al., 2005). Litter production depends on 

site fertility, but other factors such as air, 

temperature, soil water and nutrient 

availability also limit the production of 

litter (Pandey et al., 2007). 

 

Table 1: Mean monthly litterfall of Acacia 

senegal plantation 

Period Mean (g) Std. Deviation 

October 

November 

December 

January 

February 

March 

April 

May 

June 

July 

August 

September 

41.4c 

57.8j 

70.6f 

52.2d 

38.6b 

8.7i 

9.1g 

10.5k 

12.2a 

19.0l 

19.3h 

17.2e 

2.9 

3.0 

2.1 

5.8 

2.4 

1.7 

2.3 

3.2 

2.8 

2.5 

2.9 

1.9 
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Mean values with the same letter(s) 

are not significantly different at p = 5% by 

DMRT. The litterfall (leaf litter) of trees 

in the sample plots was collected for a year 

(October to September) and the values 

recorded (Table 1). The Duncan’s 

Multiple Range Test showed that the 

periodic means obtained for the litterfall 

were statistically significant at P = 0.05. 

Litterfall pattern was also observed for 

the plantation. The month of December 

recorded the peak with an average of 70.6 

g and was followed by the months of 

November (57.8 g) and January (52.2 g). 

The month of March had the lowest 

litterfall with an average of 8.7 g. 

The pattern of litterfall was broadly 

comparable to other savanna ecosystems 

(Singh et al., 1999). The peak of the 

litterfall was in December and this 

corresponded almost with the peak of 

harmattan period in the study area. This 

must have been influenced by harmattan 

wind and a combination of decreased 

temperature and soil moisture and 

probably due to inherent nature of the 

Acacia senegal species which normally 

shed its leaves during the dry period (Jha 

and Mohapatra, 2010). Moore (1980), 

quoted by Wang et al. (2008) reported that 

water stress could initiate the synthesis of 

abscissic acid in the foliage of plants 

which could stimulate senescence of 

leaves and other plant parts. Other authors 

have reported that changes in temperature 

and photoperiod as well as within plant 

properties such as leaf age or possible 

endogenous rhythms are also important 

triggers of leaf fall (Wright and Cornejo, 

1990; Zhou et al., 2007).  However, 

during the month of March when air 

temperature almost reached its peak, the 

Acacia senegal became leafless thus 

resulting in low litterfall. 

Litterfall rates varied among forest 

types and plant species. This study is not 

an exception. The total annual litterfall of 

Acacia senegal recorded in this study (3.1 

kg/ha/yr) is low and very low compared to 

(11.5 kg/ha/yr) recorded by Triadiati et al 

(2011) for a natural forest and Cacao 

agroforestry system in Central Sulawesi, 

Indonesia. The value is however, higher 

than 0.24 to 0.79 and 0.45 to 1.04 kg/m/yr 

obtained by Wang et al (2008) in a 

monoculture of Cunningharnia lanceolata 

and a mixed stand in southern China 

respectively.  It should be noted that the 

annual litterfall would probably have been 

higher than what was obtained if the 

spacing of the trees had been closer. 

The litter decomposition in the study 

area followed an almost uniform pattern of 

weight loss from the early phase to the end 

with a turnover time of three months 

(Table 2). However, at the early phase, the 

rate of decomposition was faster which 

might be due to the heavy rain that might 

have increased the activities of the 

microbes in the soil leading to increased 

decomposition of litter.  Several studies 

have shown that during the initial stages of 

litter decomposition, when the soil is 

moistened by rainfall, decomposition rates 

are high due to heavy losses of water 

soluble labile compounds through 

leaching (Whitford, 2002; Xu and Hirata, 

2005; Martinez-Yrizar et al., 2007). This 

mechanism may explain the initial rapid 

loss of litter mass observed in this study 

during the early stage of measurement, 

although, other causes acting 

simultaneously are also possible, such as 

the effects of physical fragmentation, solar 

irradiance, dry/wet cycles (Kemp et al., 

2003) and the activity of soil detritivores 

(Nutting et al., 1987). 
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Table 2: Rate of litter disappearance under Acacia senegal plantation 
Initial weight      Weight at a time      Monthly rate of          Time 

Xo                             X (gm)                  decay X/Xo (gm)       (Month) 

100      

100      

100 

                56.41 

                49.99 

                47.84              

             0.5641 

             0.4999 

             0.4784 

 1 

 2 

 3 

 

Multiple regressions was carried out 

for litterfall prediction using litterfall as 

dependent variable with different 

combinations of total litterfall, traps and 

time in week as independent variables. 

Thus the regression equation derived is as 

follows: 

 
Y = -0.497 – 0.022 weeks 

Where R2 = 0.69; R2adj. = 0.67, SE = 0.052  

The rate of litter decomposition was 

estimated and the linear estimation for the 

final loss of the litter was given as: 

 
X/Xo = 0.6053 + e-0.0209T  

R2 = 0.6634 
The coefficient describing the decay rate 

overtime was positively correlated (R2 = 

0.663 at P = 0.05), while the decay rate was 

0.6053 (Fig. 1). The dry mass remaining 

(% of initial litter) at the end of the study 

was 47.8% (Table 2).  There is a positive 

significant relationship between duration 

of decomposition and the final 

disappearance of litter. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig. 1: Relationship between decomposition rate and time of decomposition for Acacia 

senegal litter (Initial litter weight = 100 g)  

 

Nutrient Concentration in Litterfall 
The concentrations of the 

macronutrients of the litterfall were in the 

following order: calcium (3.1 cmol/g), 

nitrogen (2.9 cmol/g), magnesium (0.49 

cmol/g), potassium (0.32 cmol/g), and 

phosphorus (0.16 mg/g). However, the 

results obtained indicate non-significance 

of nitrogen, phosphorus, potassium, 

calcium and magnesium. 
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The nitrogen content increased from 

2.7% in the first month of decomposition 

to 8.7% in the final month, while 

potassium content decreased with 

increasing duration of decomposition, 

though, with some fluctuations. The values 

of phosphorous and magnesium all 

increased with increase in time of 

decomposition of the litter. 

Nutrient Concentrations in 0-15 cm Soil 

Depth under the Decomposed Litter 
The results show the concentrations of 

nitrogen to be 0.77 cmol/g, phosphorous 

(34.1 cmol/g), potassium (0.32 cmol/g), 

calcium (6.5 cmol/g) and magnesium (3.3 

cmol/g). However, the ANOVA results 

show that only phosphorus and magnesium 

were significant at p = 0.05 

Under different conditions in the 

plantation there was varying degree of 

macro-nutrients obtained (Table 3). 

Foliage of Acacia senegal had the highest 

N followed by decomposed litter while soil 

under the decomposed litter had the 

highest P, Ca and Mg. 

 

Table 3: Comparison of macronutrients under different conditions in Acacia senegal 

plantation at Maifari, Jigawa State 
Macro-

nutrients 

  Soil under     

  decomposed    

  litter (0-15 cm)           

Decomposed                          

Litter                 

Foliage of 

Acacia 

senegal                                             

 

N 

P 

K 

Ca 

Mg 

     0.77 

     34.1 

     0.32 

     6.5 

     3.3 

      2.9 

     0.16 

     0.32 

     3.1 

     0.49   

3.5 

0.34 

1.8 

1.9 

0.49 

 

 

In tropical ecosystems where soils are 

of low natural fertility, soil nutrient status 

and tree growth depend strongly on litter 

decomposition for the release of plant 

nutrients sequestered in the litter layer 

(Okeke and Omaliko, 1992). The litter on 

the forest floor acts as an input – output 

system of nutrient and the rates at which 

forest litter falls and subsequently, 

decomposes contribute to the regulation of 

nutrient cycling and primary productivity 

as well as the maintenance of soil fertility 

in forest ecosystem (Onyekwelu et al., 

2006; Pandey et al., 2007). 

The concentrations of elements in the 

decomposed litter were high however, the 

result of the study indicated that the levels 

of nitrogen, phosphorus, potassium, 

calcium and magnesium were generally 

not significant. The content increased from 

the first month of decomposition to the 

final month. This observation agrees with 

the work of Li et al. (2009) that worked on 

mixed litter decomposition in a managed 

forest ecosystem and observed that the 

concentration of nitrogen in the residual 

litter increased throughout decomposition 

by as much as 2.5 times the initial values. 

Potassium concentration was high in 

the decomposed litter, but decreased as the 

duration of decomposition increased; 

though, there was fluctuation in the 

increase. Similar fluctuations of foliar 

potassium in some tropical tree species 

were reported by Sharma (1983) and 

Abdulhameed et al. (2004). The results of 

the current study also agree with the study 

of Gwaram and Umar (2006) who studied 

the leaf elemental concentration of four 

indigenous trees in the Sudan savanna area 
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in Nigeria. The high concentration of 

potassium may be due to the fact that 

potassium moves freely in plants and can 

be leached from the litter to the soil during 

heavy rains.  

According to Gwaram and Umar 

(2006), the observations of non-significant 

effects of the tree litter on the 

concentration of P, K, Ca and Mg are not 

uncommon among plant species. Umar et 

al. (2006) made similar observations on 

Azadirachta indica and Eucalyptus 

camaldulensis where P. K, Ca and Mg 

concentrations were not significant. The 

observations may be accounted for by the 

effects of some factors that include 

climatic, age of the tree, edaphic, genetic, 

stage of growth of the tree or leaves, age of 

leaves and some other factors that cause 

variations in foliar and litter mineral 

elements.  

The values of phosphorous and 

magnesium all increased with increase in 

time of decomposition of the litter. 

According to Connell and Sankaran 

(1997), the relative increase in P in 

decomposing litter is caused by non-

symbiotic N-fixation, uptake from 

surroundings by fungal hyphae growing in 

litter and atmospheric precipitation or 

deposition of insect frass and plant 

material from the canopy. 

Nutrient release from decomposing 

litter is important for the maintenance of 

soil fertility (Triadiati et al., 2011). The 

well-known general mode for this pattern 

involves initial leaching of nutrients 

followed by a phase of nutrient 

immobilization and finally the release of 

nutrients into the soil (Weerakkody and 

Parkinson, 2006).  

The mean nutrient concentration in the 

soil under the decomposed Acacia senegal 

litter revealed a pattern similar to that of 

the decomposed litter. The mean 

concentration of nitrogen (N) in the soil 

under the decomposed litter increased 

throughout the period of decomposition, 

except for a fluctuation in the second 

month of decomposition. However, the N 

concentration in the soil under the 

decomposed litter was low compared to the 

N concentration in the decomposed litter, 

and almost the same with what was 

obtained in the soil sample at 0-15 cm 

depth. The ANOVA result showed that the 

mineralized N was not statistically 

significant. The low N concentration may 

be a result of leaching, since the study was 

carried out during the rainy season, and 

this may probably cause easy 

mineralization and immobilization of N 

element to be taken up by the roots of the 

trees. 

Phosphorous (P) mean concentration 

was higher in soil under the decomposed 

litter (0-15 cm) than in the decomposed 

litter.  It was also found to be higher in the 

tree foliage and of topsoil. The 

mineralization of P increased as the time of 

decomposition increased. The increased P 

concentration may be a result of increase 

in microbial activities that caused high 

mineralization and immobilization of P 

element. This agrees with the work on the 

dynamic of nutrient supply in plantation 

soils by Folster and Khanna (1997). 

Potassium (K) mean concentration was a 

little higher in the soil under the 

decomposed litter than that of the 

decomposed litter but less than that of the 

foliage. Just as the concentration of K 

decreased with duration of decomposition of 

the litter, it was observed that the 

concentration of K in the soil under the 

decomposed litter equally decreased with 

litter decomposition. The little difference in 

K concentrations between the different 

periods of decomposition may be a result of 

low leacheability of K. According to 
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Connell and Sankaran (1997); Howell 

(2008), K is most mobile and a large 

proportion leaches out during the initial 

phase of mineralization.  

The relative mean concentration of 

calcium (Ca) in the soil under the 

decomposed litter was twice that observed in 

the decomposed litter and thrice the mean 

value obtained for the tree foliage. The Ca 

concentration appeared to decrease as the 

duration of decomposition increased 

however, the concentration was not 

statistically significant. 

The concentration of magnesium (Mg) 

increased substantially in the soil under the 

decomposed litter compared to the 

decomposed litter and tree foliage. The 

concentration however, decreased with 

time. 

 

Conclusion 

In tropical ecosystems where soils are of 

low natural fertility, soil nutrient status and 

tree growth depend strongly on litter 

decomposition for the release of plant 

nutrients sequestered in the litter layer. The 

comparatively fast decay rates of the litter 

and the high nutrient output of the litter to 

the soil and the mineralization of these 

nutrients are useful evidences that Acacia 

senegal can be planted to improve degraded 

soil especially in the semi-arid zone of the 

northern part of Nigeria. Also, improvement 

of soil properties under Acacia senegal 

indicates that this plant can gradually 

improve soil quality. 
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