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Abstract
The lignin, cellulose and nutrient deposition of litters were assessed in four 0.06 ha plots of Bambusa
vulgaris stands in a regenerating forest in Ile-Ife, Nigeria, 35 years after ground fire, with a view to providing
information on these parameters which are generally lacking in the forest ecosystem. The collected litters were
sorted into leaves and twigs, oven-dried at 70 °C to a constant weight, ground and analysed for lignin, cellulose
and nutrients. The total lignin and cellulose content in the litters showed significant (p≤0.05) monthly
variation. There was no significant (p ≥ 0.05) difference in the monthly nutrient deposition of Na, Mg, K, Fe,
N, P, Mn, Zn and Cu, but there was significant difference in the monthly nutrient deposition of C and Ca
through the litter fall fraction (p ≤ 0.05) in the bamboo stands in the secondary rainforest. The depositions of
C, N, Ca, Mg and Cu were higher in the bamboo stands but lower in Na, Mn and Zn deposition in 1990 and
2013 studies. The bamboo stands contributed significantly to the carbon sequestration, nutrient dynamics and
regeneration status of the forest.
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Introduction
Bamboo is a naturally occurring composite material because it consists of cellulose fibers embedded in a
lignin matrix which are aligned along the length of the bamboo providing maximum tensile flexural strength
and rigidity (Uday et al., 2008). It is found growing abundantly in most tropical countries. In Nigeria, it is
continuously harvested from forests and used mainly as timber due to these properties. Studies have shown that
for thermochemical conversion of biomass to energy, high lignin content is desirable, though the extent of its
effect is not well known (Cassida et al., 2005; Boateng et al., 2008) and bamboo possesses high content of lignin
and cellulose making it very essential in the processing of biomass energy used in many industries worldwide.
Bamboo, the ‘green gold’, has the potential to conserve natural forest ecosystems through timber substitution
(Hunter and Junqui, 2002), mitigate global warming through carbon sequestration (Das and Chaturvedi,
2006), and substitute non-biodegradable and high energy-embodied materials such as plastics and metals with
polymer composites (Okubo et al., 2004) and plays a vital role in the recruitment, regeneration and nutrient
status of woody species in a regenerating secondary forest. In view of the need to reducing the alarming rate of
forest degradation and deforestation to mitigating the adverse effects of global climate change, the use of
bamboo as basic raw material in lieu of woody products has become very imperative. The production of litter
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plays a fundamental role in the biogeochemical cycle of organic matter and mineral nutrients, thus becoming a
key component in the functioning and stability of forest ecosystems. Studies have reported the litters of
bamboo stand to have higher nutrient content of C, N, P compared to most trees and shrubs species in natural
forests (Anonymous, 1997; Zhou 2005; Borisade and Odiwe, 2018).
Nutrient accumulation and dynamics in bamboo plantations have been studied extensively
(Shanmughavel et al., 2001), but natural bamboo forests and bamboo stands in tropical forests of Africa
especially in Nigeria have not been well studied (Borisade and Odiwe, 2018). Studies relating to lignin, cellulose
and nutrient deposition in the litters of bamboo stands in natural forests are generally lacking, especially in
Western part of Nigeria. This study therefore, assessed the mean monthly nutrients deposition, lignin and
cellulose content in the litters of bamboo stands in a regenerating rainforest with the aim of providing
information on this subject matter which are generally lacking in the African tropical forest ecosystems. The
results from this study were compared with previous studies on nutrients deposited through litter fall for woody
species in the same secondary forests with the aim of assessing the role played by bamboo to influencing the
carbon sequestration, nutrient dynamics and regeneration status of the forest.

Materials and Methods

Study area
The study was carried out in the secondary rainforest within the Biological Garden of Obafemi
Awolowo University, Ile-Ife, Nigeria. Ile-Ife lies within latitudes 7° 30' N to 7° 35' N and longitudes 4° 30' to
4° 35' E. The coordinates of the study areas are: Latitude 7°31.417' to 7°31.422' N, and Longitude 4°31.442' to
4°31.455' E. The details of the climate, soil and the vegetation of the study area are described in Borisade and
Odiwe (2018).

Data collection
Four study plots were established within the secondary rainforest, each sampling plot of size; 25 m x 25
m was marked out using measuring tape and demarcated with narrow cut-lines. Ten litters trap each, were
randomly positioned in the four established plots of B. vulgaris stands and located within the secondary
rainforest. Samples were collected fortnightly for a period of a year (June 2014-May 2015).

Chemical analysis
Ground litter fall and litter standing crop samples, were digested using mixed acid (nitric-perchloricacid) digestion procedure of Allen et al. (1974). 0.2 g sub-sample of each ground samples was digested in 7.0
mL of the digestion mixture. The digest was analysed for calcium and magnesium using Atomic Absorption
Spectrometer (Alpha Model 4). Potassium and sodium were determined using flame photometer (Model
Corning 400). Total carbon and nitrogen were determined based on the principle of "Dumas method using
elemental analyzer (CHNS) (Perkin Elmer 240). Lignin and cellulose were determined using the procedures
of chemical analysis described by Van Soest and Robertson (1985) and Goering and Van soest (1970)
respectively. Phosphorus, Iron, Manganese and Copper of the ground litter samples was determined at the
International Institute of Tropical Agriculture (IITA), Ibadan, according to the method of Tel and Rao
(1982).

Estimation of lignin, cellulose and mean monthly nutrients deposition
The monthly weight of litter fall was determined by adding the oven-dry weight of the individual traps
of all leaf fractions, each month and this was similarly done for the litter standing crop samples. The lignin,
cellulose and mean monthly nutrient deposition was calculated as the product of the monthly litter production
of each component (leaf and twig) and mean monthly nutrient concentrations of the corresponding
930

Borisade TV (2020). Not Sci Biol 12(4):929-939

components (Borisade and Odiwe, 2018). While, adding over the months to obtain the accumulated values
which was used to obtaining the annual nutrient deposition used for comparison with areas where the stands
are not situated within the secondary forests that is previous studies on nutrient deposition in litters of woody
species (Source of 1990 data is from Muoghalu et al., 1993 and 2013 data is from Afolabi, 2014).

Statistical analysis
Analysis of variance (ANOVA) was used to test for significant monthly nutrient deposition in the litter
fall and litter standing crop; lignin and cellulose content. Descriptive statistics: Mean ± Standard error and bar
chart were employed in presenting results obtained from this study. The test was performed using System
Analysis Software version 8.0 (SAS, 1999).

Results

Lignin content in litters of the bamboo stands
The total lignin content in the bamboo litters showed significant monthly variation (p≤ 0.05). The
monthly variation in the lignin content indicated that it was at its peak in the month of December and least in
April (Figure 1a) but there was no significant difference (p>0.05) between the leaf and twig fractions across
the months studied. In the litter standing crop, there was a significant (p < 0.05) difference in the lignin content
between the litter components and across the peak of seasons (Figure 1b). The lignin content of the leaf showed
no significant differences across peak of season but the twig component was higher in the rainy than dry season.
The lignin content in the peak of rainy season was higher than in the peak of dry season.

Figure 1a.
1a Monthly lignin content in the litter fall of bamboo stands in a regenerating forest, Ile-Ife
*Vertical bars of the same alphabet in a month are not significantly (p > 0.05) different using Duncan Multiple Range
Test (DMRT).
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Figure 1b. Lignin Content in the litter standing crop of bamboo stands at the peak of seasons in a
regenerating forest, Ile-Ife
*Vertical bars of the same alphabet in a month are not significantly (p > 0.05) different using Duncan Multiple Range
Test (DMRT)

Cellulose content in litter fall and standing crop of litters in the bamboo stands
The total cellulose content in the litter fall of bamboo stands showed monthly variations (Figure 2a).
There was no significant difference (p>0.05) between the leaf and twig fractions, similar observation was made
in the litter standing crop components across the peak of seasons (Figure 2b).

Mean monthly nutrients deposition in litters of the bamboo stands
The mean monthly nutrient deposition (Kg/ha) of C, N, P, K, Ca and Mg ranged from 94.37-700.11,
5.98-26.79, 0.014-0.046, 1.56-6.98, 6.11-28.98 and 2.11-12.3 respectively (Figure 3a-c). There was no
significant (p ≥ 0.05) difference in the monthly nutrient deposition of Na, Mg, K, Fe, N, P, Mn, Zn and Cu in
the bamboo stands in the secondary rainforest through litter fall fractions (Monthly nutrient deposition via
litter fall in the bamboo stands in a Regenerating rainforest, Ile-Ife). There was significant difference in the
monthly nutrient deposition of C and Ca through the litter fall fraction (p ≤ 0.05) (Monthly nutrient
deposition via litter fall in the bamboo stands in a regenerating rainforest, Ile-Ife). The highest deposition of
Ca occurred in January and March in the leaf and twig litter respectively while C deposited higher in leaf than
twig throughout the months studied notably in December and January (Monthly nutrient deposition via litter
fall in the bamboo stands in a regenerating rainforest, Ile-Ife). The C, N, P and K deposition in the total litter
standing crop at the peak of the two seasons was 37.38, 16.95, 0.01 and 8.95 Kg ha-1 respectively (Monthly
nutrient deposition via litter fall in the bamboo stands in a regenerating rainforest, Ile-Ife). There was
significant difference in the nutrient’s deposition through the litter fall fraction across peak of seasons with the
dry higher than rainy season (p ≤ 0.05) (Table 1).
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Figure 2a.
2a Monthly cellulose content in the litter fall of bamboo stands in a regenerating forest, Ile-Ife.
*Vertical bars of the same alphabet in a month are not significantly (p > 0.05) different using Duncan Multiple Range
Test (DMRT).

Figure 2b.
2b Cellulose Content in the Litter Standing Crop of Bamboo at the Peak of Seasons in a
regenerating forest, Ile-Ife
*Vertical bars of the same alphabet in a month are not significantly (p > 0.05) different using Duncan Multiple Range
Test (DMRT)..
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Figure 3a.
3a Monthly nutrient deposition via litter fall in the bamboo stands in a Regenerating rainforest,
Ile-Ife
*Vertical bars of the same alphabet in a month are not significantly (P > 0.05) different using Duncan Multiple Range
Test (DMRT)..

Figure 3b.
3b Monthly nutrient deposition via litter fall in the bamboo stands in a Regenerating rainforest,
Ile-Ife
*Vertical bars of the same alphabet in a month are not significantly (P > 0.05 different using Duncan Multiple Range
Test (DMRT)..
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Figure 3c.
3c Monthly nutrient deposition via litter fall in the bamboo stands in a Regenerating forest, Ile-Ife
*Vertical bars of the same alphabet in a month are not significantly (P > 0.05) different using Duncan Multiple Range
Test (DMRT)..

Table 1. Nutrient element deposition (kg ha-1) in the litter standing crop of the bamboo stands at the peak
of seasons in a regenerating rainforest, Ile-Ife
Season
Parameters
Dry
Rainy
Leaf
Twig
Leaf
Twig
a
b
c
Ca
9.88 ±0.16
4.93 ±0.24
1.79 ±0.07
1.62 ± 0.03d
a
b
c
Mg
2.21 ±0.04
0.85 ±0.07
0.72 ±0.07
0.46 ±0.03d
a
d
b
K
3.39 ±0.03
2.04±0.01
2.30 ±0.08
1.22 ±0.08c
a
c
d
N
9.00 ± 0.75
3.06 ± 0.89
1.59 ± 0.69
3.30 ± 0.90b
a
c
b
C
15.48 ±2.30
8.05 ± 0.93
8.45 ± 0.18
5.45 ± 0.74d
a
d
c
Na
0.0000396±3E-5
0.000023±0.000001
0.0000302±4E-5
0.0000317±0.000003b
a
b
c
P
0.0032 ± 0.0003
0.0024 ± 0.0002
0.0014±0.00027
0.00076 ± 0.00003d
a
b
c
Mn
0.0011±0.00026
0.00069±0.000014
0.00054 ± 0.03
0.00047 ± 0.00005d
a
b
b
Fe
0.034 ± 0.88
0.015 ± 0.66
0.015 ± 0.08
0.0097 ± 0.00078c
a
b
b
Zn
0.0012 ±0.0007
0.00037±0.00001
0.00037±0.00002
0.00035 ± 0.0004c
b
a
c
Cu
0.0031 ±0.0001
0.00034±0.00009
0.00017±0.00005
0.00010 ± 0.0004d
*Value of the same alphabet along a row are not significantly (P > 0.05) different using Duncan Multiple Range Test
(DMRT).
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Comparison in nutrients deposition through litter fall in the bamboo stands with other areas in the
secondary rainforest over the years
The nutrients deposition (kg ha-1yr-1) in the bamboo stands was compared with the 1990 and 2013
studies (areas where the stands are not located). The depositions of Ca, Mg, Cu and N were higher in the
bamboo stands but lower in Na, Mn and Zn deposition in 1990 and 2013 studies (Comparison of nutrients
deposition (Kg ha-1 yr-1) in the bamboo stands with other areas in the regenerating rainforest, Ile-Ife, Nigeria).
The deposition of K in the bamboo stands was higher compared to study carried out previously in 1990 but
lower than that of 2013 and vice versa in Fe (Table 2). Deposition of P and Zn in the bamboo stands was lower
than the 1990 and 2013 studies (Table 2). The deposition of organic C in the bamboo stands was higher than
the 2013 study (Table 2).
Table 2. Comparison of Nutrients Deposition (Kg ha-1 yr-1) in the bamboo stands with other area in the
regenerating rainforest, Ile-Ife, Nigeria

Elements
Ca
Mg
K
N
C
P
Mn
Fe
Zn
Cu
Na

Year of study
2013
Forest
132.18
30.69
83.54
31.63
3232.94
0.5
0.32
0.55
0.106
0.0416
0.0267

1990
Forest
96.89
15.38
44.58
65.58
ND
3.81
0.84
5.08
0.08
0.02
3.37

2017
Bamboo Stands
213.19
94.29
56.23
186.98
4529.462
0.44
0.07
0.87
0.033
0.009
0.00138

*ND- Not determined.
Source of 1990 data is from Muoghalu et al. (1993-2003) and from Afolabi (2014).

Discussion
The variation in lignin content observed compared to other studies (Liese, 1992; Scurlock et al., 2000
Dora, 2008; Ekebafe et al., 2010) could be attributed to the higher age in the stands. The result in this study
agrees with findings of Peng et al. (2012), who reported that the amount of lignin content in the bamboo stands
varies slightly depending on the age. It was observed that the litter production was relatively high during
December which coincided with when the lignin content was at its peak. This agrees with assertions made by
Vitousek et al. (1994) and Shaw and Hart (2001) that litter production and nutrient release are controlled by
a wide variety of chemical properties of the litter, which includes lignin concentration or lignin to N ratio. The
cellulose content obtained from this study lies within 50-70% reported for bamboo species by Liese (1992);
Scurlock et al. (2000); Dora (2008); Ekebafe et al. (2010). The cellulose content in the peak of dry seasons
(38.47%) was slightly higher than in the peak of rainy seasons (37.76%).
The mean monthly nutrient deposition values of C, N, P, K, Ca and Mg compares favourably with
reported values on bamboo species (Scurlock et al., 2000; Embaye et al., 2005; Nath and Das, 2012). Litter fall
from the forest to the floor is normally considered as the main way for nutrient return to the soil (Borisade and
Odiwe, 2018). The Nutrients deposition across the peak of seasons indicated that the N content compares
favourably with 16.06 -22.68 Kg ha-1 reported by Nath and Das (2012) but lower than 29.3 Kg ha-1 reported
by Tripathi and Singh (1994). The P and K content were relatively lower than 1.05 and 1.74-2.65 Kg ha-1;
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14.60 and 7.49-11.92 respectively reported by Tripathi and Singh (1994); Nath and Das (2012). The higher
carbon deposition compared to other elements in this study may be attributed to the higher carbon
concentrations in the litter fall and high carbon sequestration activity associated with bamboo and lower
nutrient deposition of Na may be probably due to low concentration in the litter fall material. The higher
nutrients deposition at the peak of dry season than at the peak of rainy seasons may be due to lower
concentrations which influences the nutrient input in the litter of the bamboo stands during the rainy season;
the growing season, when the nutrient dilution through growth is at its peak (Embaye et al., 2005; Borisade
and Odiwe, 2018).
The higher depositions of Ca, Mg, Cu and N in the bamboo stands compared to 1990 and 2013 was
probably due to higher concentration of nutrients in the litter fall, nature of the species and age. The lower
deposition of Na, P, Mn and Zn in the bamboo stands compared to 1990 and 2013 may be attributed to lower
concentration of the nutrients and nature of the species. The higher deposition of K in the bamboo stands than
that of 1990 may be attributed to the older age in the stands compared to the 1990 study. The lower deposition
of K compared to 2013 study may be probably due to the fact that it is more readily leached in the stands than
other areas studied. Borisade and Odiwe (2018) reported potassium to be readily leachable in Bambusa vulgaris
stands due to continuous harvesting. The high carbon deposition in the stands compared to other areas studied
in 2013 may be attributed to high carbon sequestration ability of bamboo resulting in relatively higher nutrient
deposition. This is consistent with assertion made by Anonymous (1997), Zhou et al. (2005), Borisade and
Odiwe (2018) that the carbon sequestration ability of bamboo is likely to be second to none and if at all, only
few.

Conclusions
There was significant monthly variation in the total lignin deposited among component of the litter fall
with its peak in the month of December (dry month) and least in April (rainy month). There was no significant
difference (p>0.05) between components of the litter fall and standing crop of litter in the cellulose.
The higher deposition of C, N, Ca, Mg and Cu in the litters of the stands compared to previous studies which
focused mainly on woody species in same secondary forest is an indication that the stands contributed
significantly to the carbon sequestration, nutrient dynamics and regeneration status of the forest. Hence, the
stands should be properly managed, for the functioning of the forest ecosystem.
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