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A study was conducted at Swamp Forest Research Station, Onne, Forestry Re-
search Institute of Nigeria, to evaluate the rate of decomposition of E. cylindri-
cum tree prunings. The experiment was a 2x8 factorial in a randomized complete
block design with three replications. The first factor comprises two placement
methods (surface-placed and soil-incorporated) and the second factor comprises
eight biweekly sampling intervals (2 — 16 weeks). The litterbag technique was
employed. Results indicated that the Total leaf decomposition (100.0%) of soil
incorporated leaf litter was obtained at 16" week after litter placement (WALP).
Soil-surface placed had 98.00% at 16" WALP. Leaf half-lives of the soil-surface
placed and soil incorporated were 5.08 and 2.10 WALP respectively. The turno-
ver coefficients (ki) of the soil surface-placed and soil -incorporated leaf litter of

E. cylindricum were 6.93yr! and 17.33 yr? respectively. The high rate of fresh
leaf decomposition and subsequent release of nutrient make E. cylindricumleaf

pruning a good source of organic manure for soil fertility restoration
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1.0 Introduction

Decompositionis a sequential process that results in the
breakdown of complex organic compounds by decompos-
ers into simpler substances, releasing nutrients as by-
product (Saha et al., 2016; Yadav and Malanson, 2007).
Itis an important channel for organic matter and energy
into the soil and is necessary for nutrient cycling in eco-
system (Triadiatiet al., 2011). In terrestrial ecosystem,
decomposition plays an important role in turnover of nutri-
ent and maintenance of soil fertility and productivity (Saha
et al., 2016).Maintenance of fertility in any given soil sys-
tem such as the agroforest is achieved by the high and
rapid process of litter decomposition (Chandraaet al.,
2015).

Litter decomposition is therefore a crucial ecosystem pro-
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cess that defines and maintains the plant-soil relationships
by regulating the nutrient turnover and the build-up of soil
organic matter. In fact, the release of nutrients through
decomposition is the main source of available nutrients for
plants in most unmanaged terrestrial ecosystems
(Chandraaet al., 2015). A thorough understanding of litter
decomposition is essential in understanding the function-
ing of agroforestry ecosystems, since it is central to many
ecosystem functions such as soil formation and nutrient
cycling (Rawat et al., 2010; Yu et al., 2004).The rate of
litter decomposition is regulated by many factors such as
prevailing climatic variables, substrate quality and activity
levels of decomposers’ community (Kuruvilla et al., 2014;
Pandey et al., 2007; Karberg et al., 2008; Zheng et al.,
2006). Climate and substrate quality are the two most im-
portant factors in determining the leaf decomposition rate
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(Bisht et al., 2014: Rawat et al., 2010). Moisture and tem-
perature are the vital variables of climate that affects de-
composition., they affect both the development of plant
cover and the activities of microorganism which are highly
critical factors in soil formation (Krishna and Mohan,
2017; Salahab and Scholes, 2011.).

Substrate quality could be referred to as the inherent
chemical and structural features of the leaf that guide the
activity of decomposer organisms, which partially regulate
the rate of decomposition (Karberg et al., 2008; Zheng et
al., 2006). Substrate quality has been related to the nitro-
gen concentration (N), the lignin content and the C:N ratio
(Seta et al., 2016; Abugreet al., 2011; Tripathi et al.,
2009). High initial concentrations of nitrogen (N) or phos-
phorus (P) in litter increases decomposition rates. Unlike
nitrogen and phosphorus, a high initial lignin concentra-
tion retards the decomposition process (Dhanya et al.,
2013). Investigations have revealed that initial N and P
have a positive correlation with leaf litter weight loss
(Bargaliet al. 2015). Leaf litter with high concentration of
phenolic (tannin and lignin) compounds and low concen-
tration of nitrogen decomposes slowly (Zhanget al., 2008).
Entandrophragmacylindricum is a deciduous and dioe-
cious large tree attaining a height of 55 — 65 meters tall
(The Plant List, 2013). It belongs to the Meliaceae family
also known as mahogany. It is commonly known as Sape-
le, one of Nigeria’s largest and finest trees producing the
popularly known Sapele wood (Keay, 1989). It is one of
the highly ranked export timbers of tropical Africa
(Lourmaset al 2007). Due to its high commercial im-
portance, E. cylidricum has been subjected to over exploi-
tation and is now listed in IJUCN Red List as vulnerable
(Kemeuze, 2008). Introducing E. cylindricum into our
farming system through agroforestry will not only help in
alleviating the problem of over-exploitation but also in
maintaining soil fertility through the decomposition of its
litter and tree prunings.

The objective of this study was to evaluate the rate of de-
composition of Entandrophragmacylindricumtree prunings
over time.

2.0. Materials and methods

2.1 Study Area

The study took place at the Nursery Unit of the Swamp
Forest Research Station, Forestry Research Institute of
Nigeria, Onne, Rivers State, Nigeria. Onne is a village
located about 7km off Port Harcourt, Rivers State capital.
It lies on latitude 4° 51 N and longitude 0 7° 03 E with an
elevation of 40meters above sea level (Anegbeh, 1997).
The climate is characterized by long wet season and short
dry season. The wet season starts from April and ends in
October while the dry season starts from November and
ends in March (Anegbeh, 1997). Jagapet. al., (1999) re-
ported that the climate of the area is typical of the humid
rainforest. The mean annual rainfall is 2,400mm in a mon-
omodal distribution falling in one season (March - No-
vember). Temperature varies from 28°C in February and
March (warmest months) to 25°C in July (coolest month).
Relative humidity varies from 70% in February (driest
month) to 84% in July (rainy month) (Anegbeh, 1997).
Sunshine also varies from 2 hours per day (September) to
6 hours per day (February) (Anegbeh, 1997).

2.2 Leaf Litter Decomposition study

The experimental design was a 2x8 factorial experiment in
a randomized complete block design (RCBD) with three
replications, it was undertaken from July 2015 to Novem-
ber, 2015 (16 weeks).
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The first factor comprises two placement methods (surface
-placed and soil-incorporated) and the second factor com-
prises eight biweekly sampling intervals. The litter bag
technique (Swift and Anderson, 1989) was utilized. 165
(one hundred and sixty-five) litter bags measuring 15cm x
20cm x 2cm were used, in each litter bag, 1g leaf litter of
E. cylindricum was placed in the plastic mesh litter bag.
Fifty-five (55), 25cm x 20cm polythene pots per block
were filled with 4kg topsoil obtained from the teak planta-
tion at FRIN, Onne.
In the surface-placed method the litterbag with 1g leaf
litter was placed on top of each of the filled poly pots,
while in the soil-incorporated method, the poly pots were
initially filled with 2kg topsoil collected from the teak
plantation. In each of the 2kg filled poly bag, the litter bag
containing 1g leaf litter was placed on top and covered
with another 2kg topsoil. The poly pots were adequately
watered, when there was no rain. Weeding of the pots and
the study site was done fortnightly.
Fifty-five of the poly pots containing the litterbag in each
of the methods were placed per block. Three litter bags
from each block in each method were sampled at the fol-
lowing bi-weekly sampling periods: 2, 4, 6, 8, 10, 12, 14,
and 16 WALP. The harvested litterbags were washed with
water to remove soil particles, fine roots and living organ-
isms adhering on leaf. The washed leaf litterbags were sun
— dried and later oven — dried in small paper bags at 70°C
for 48hrs. at the Laboratory of the Department of Forestry
and Environmental Management, College of Natural Re-
sources and Environmental Management, Michael Okpara
University of Agriculture, Umudike, Nigeria. The oven
dried leaf litter was weighed and the loss in weight record-
ed for further statistical analysis.
2.3 Computational Procedures for Fresh Leaf Decomposi-
tion Studies
The data collected were used for the following computa-
tional procedures.
2.4 Cumulative Fresh Leaf Decomposition (%) per Sam-
pling Interval
At each sampling period, Okeke and Omaliko’s (1992)
computational method was used to determine the cumula-
tive fresh leaf decomposition rate (%) as follows.
D(%)=a—b x 100

a
where:
D = Cumulative fresh leaf decomposition weight loss (%)
a = Initial weight at the beginning of the experiment
b = Present weight at the sampling interval
2.5 Fresh leaf half-life and full-life estimations
Okeke and Omaliko’s (1992) method was employed to
calculate the estimated fresh leaf half-life and full life
(time of 50% and 100% fresh leaf decomposition) of the
soil surface-placed and the soil-incorporated fresh leaf of
E. cylindricum. Here, a simple linear regression equation,
Y = a + bx was computed, using the various sampling
intervals (X) and the cumulative fresh leaf decomposition
percentages overtime (Y). The mean cumulative percent-
age losses in dry weight over time were used along with
the predicted values obtained from simple linear regres-
sion equation to calculate the fresh leaf half-lives and full-
lives (total decomposition rates) of both modes of fresh
leaf decomposition studies. From the regression equation,
Chi-square (X?) at P < 0.05 was obtained for each mode of
study. It was also used to determine the goodness of fit of
both expected and observed decomposition values.
2.6 Turnover coefficient (Tc)
Olson’s (1963) equation and leaf litter half-life procedure



of Okeke and Omaliko (1992) were used to compute the
turnover coefficients of each mode of fresh leaf decompo-
sition rates of E. cylindricum. Olson’s (1963) equation is
as follows:
ki =tip (0.693)

where:
ki = leaf turnover coefficient
tyz = leaf half-life overtime (either weeks, months or
years)
2.7 Relative fresh leaf disappearance/decay rates (% day™
sampling interval®)
day” santpRGY el L0l IEBRASHAR RIS 3 18
procedures of Satchell (1974) and Okeke and Omaliko
(1992) as follows:

r=a-b

t

where:
r =relative fresh leaf decomposition/decay (% day™ sam-
pling interval™®)
a = cumulative fresh leaf decomposition percentage at the
previous sampling interval,
b = cumulative fresh leaf decomposition percentage at the
present sampling interval,
t =time (number of days) between the present and the
previous sampling intervals
2.8 Statistical analysis

The data obtained from the leaf decomposition
study were statistically analysed using Fisher’s Least Sig-
nificant Difference (F-LSD) at P < 0.05 to determine sig-
nificant difference between treatment means according to
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the procedures of Steel and Torrie (1980) and Alika
(2006).Simple regression analysis was used to determine
the relationships between the rate of decomposition and
time.

3.0 Results

3.1 Cumulative fresh leaf decomposition rate of E. cylin-
dricum

Table 1 shows the cumulative fresh leaf decomposition
rates (%) overtime of E. cylindricum in two placement
methods. In terms of Factor Time, the 14" and 16" WALP
gave significantly the highest leaf decomposition percent-
ages 86.17% and 99.00% respectively while the 2" WALP
had the least (p<0.05) value (39.17%). The results show
that leaf decomposition rates increased significantly over-
time. The summary of the results are stated significantly in
the following order: 16 > 14> 12> 10> 8> 6> 4> 2>
WALP.

Table 1 further shows that soil incorporated fresh leaf of

E. cylindricum had significantly higher decomposition
percentage (83.88%) than soil surface-placed fresh leaf
decomposition value (67.30%). In terms of Time x Leaf
placement methods (T x L) treatment interaction, the sta-
tistically similar fresh leaf decomposition values of soil
incorporated leaf placement in 10", 12% 14" and 16™,
WALP (weeks after leaf placement) had significantly
higher decomposition percentages than soil incorporated
leaf placement method between 2™ and 8" WAP as well as
soil surface-placed method between 2™ — 16" WALP. The
least (p<0.05) result was obtained in the 2" WALP of the
soil surface-placed fresh leaf method.

Table 1: Cumulative mean fresh leaf decomposition (% overtime) of E. cylindricum in two different placement methods at Onne,

Rivers State. Nigeria

Leaf decomposition

Time (T) Leaf placement

(Weeks) Soil -surfaced placed
2 33.67

4 47.67

6 56.00

8 63.67

10 70.33

12 77.33

14 92.33

16 98.00

Mean 67.38

F-LSD (0.05)

Time (Week) {T} 294
Leaf Placement methods {L} 1.39
Interaction T x L 3.94

method (L)

Soil incorporated Mean
44.67 39.17
55.33 51.50
83.33 71.33
92.00 76.17
97.33 83.83
100.00 88.67
100.00 96.17
100.00 99.00
84.08

Students t-test, however, indicated no significant difference
between leaf litter decomposition and the fresh leaf decom-
position (t- cal = 1.09 < t- tab =2.13).

The general trend shows that overtime fresh leaf decompo-
sition in each of the placement methods increased signifi-

Table 2: Relative leaf disappearances/decay rates over time for the fresh leaf of E. cylindricum placed on the soil surface and in-

corporated into the soil

Relative Tresh leaf disappearance (0% day 1)

Time (T) Leaf placement methods (L)
(Weeks) Soil-surface placed Soil incorporated Mean
2 2.40 3.19 2.80
4 1.00 1.14 1.07
6 112 1.88 1.50
8 0.55 0.74 0.65
10 0.48 0.38 0.43
12 0.49 0.19 0.34
14 1.07 0.00 0.54
16 0.40 0.00 0.20
Mean 0.94 0.94

F-LSD (0.05)
Time (Week) {T} 0.47
Leaf Placementt Methods {L} NS
Interaction T x L 0.67
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cantly. However, soil incorporated fresh leaf had higher
decomposition rate overtime than soil surface-placed.

3.2 Relative fresh leaf disappearance rate

Table 2 summaries relative fresh leaf disappearance/decay
rate over time for fresh leaf of E. cylindricum in two
placement methods. In terms of factor time, the 2" and
16" WALP had significantly the highest and least relative
decay rates. The statistically similar leaf decay rates of the
4™ and 2" WALP were statistically higher than those of
the 10" — 16™ WALP. Generally, fresh leaf relative decay
rates decrease over time.

There were no significant differences between the relative
decay rates of soil surface-placed and soil-incorporated
methods of fresh leaf of E. cylindricum.

3.3 Turnover coefficients (k1), fresh leaf half-lives and full-
Lives of E. cylindricumfresh leaf in two modes of leaf
placement.

Table 3 shows that the turnover coefficients (k1) of the soil
surface-placed and soil-incorporated fresh leaf of E. cylin-
dricum were 6.93 and 17.33 respectively. The table further
shows that the half-lives of the leaf placement modes were
approximately 5 and 2 weeks for soil surface-placed and
soil-incorporated respectively. The full lives of E. cylindri-
cum fresh leaf decomposition was approximately 16 and
11 weeks for soil surface-placed and soil-incorporated leaf
placement methods respectively.

The regression equation function, Y= a + bx, showed a
good fit for both modes of litter decomposition (Table 4).
The observed and expected leaf decomposition percent-

Table 3: Turnover coefficients (ki), fresh leaf half-lives (t12) and full-lives (t1.0) of E. cylindricum in two

modes of fresh leaf placement methods

Mode of Litter K1 FaIT-1e (L) Full-Tite (Ty.0)

Placement (average yr?) Week Year Week Year
Soil surface 6.93 5.08 0.10 16.36 0.31
Soil incorporate 17.33 2.10 0.04 10.61 0.20

Table 4: Regression equation parameters, overall relative fresh leaf rates, observed and expected losses (% decomposition) in dry
weight of E. cylindricum fresh leaf in two fresh leaf placement methods

% Decompo sition

Regression equation Parameters

Observed Expected Expected time for 100% loss Slope Intercept Correlation
T16MWK T6"Wk () @ 0]
soil surfaces 98.00 98.39 16.36 wks 4.43 27.50 0.9942
(0.88% dy*) x (0.88% dy!) x (0.87% dy*) x
Soil incorporated 100.00 111.83 13.02 wks 3.96 48.40 0.8840
(0.89% dy*) x (1.00% dy*) x (1.10% dy*) x

x = overall relative decay rate for stated periods

ages for both modes at the end of the studies (16" WALP)
are shown in Table 4. The relative decay rates for the ob-
served and expected were the same (0.88% dy™) for soil
surface-placed leaf placement modes at the 16" WALP. The
observed relative leaf decay rates of the soil-incorporated
leaf at the 16" WALP (0.89%) were similar to the expected
value at the time of an expected 100% weight loss (1.10%).
4.0 Discussion

4.1 Cumulative fresh leaf decomposition rate of E. cylindri-
cum

The cumulative mean fresh leaf decomposition of E. cylin-
dricum of 47.7% (surface-placed) and 55.33% (soil-
incorporated) at 4 WALP is higher than that of Hartemink
and Sullivan (2001) in Papua New Guinea who observed
30.00% decomposition of leaf litter of Piper aduncum and
Gliricidiasepium after 4 weeks. The difference between the
decomposition rate of Piper aduncum, Gliricidiasepi-
umand E. cylindricumis more of climate than litter quality.
Piper aduncum and Gliricidiasepiumare species with low
C:N ratio (Hartemink and Sullivan 2001). Climate exercise
strong influence over rate of litter decomposition. General-
ly,cold climate like that in Papua New Guinea results in low
litter decomposition.Decomposers are more active under
high temperatures and high relative humidity(Zhanqget al.,
2008; Bisht et al., 2014). The 98.00% cumulative decompo-
sition of the soil surface-placed of E. cylindricum fresh leaf
at the end of the study are in line with the results of Okeke
and Leria (2005) for Treculiaafricana’s soil surface-placed
leaf litter (96.7%) and of Ekpendu (2003) for Ir-

90

vingiawombulu’s soil surface-placed leaf litter (97.2%). To-
tal (100%) decomposition rates at the 12" WALP for soil-
incorporated fresh leaf of E. cylindricum are higher than
those of soil- incorporated leaf litters of Grewia optiva and
Populusspp that had total decomposition in 9 and 17 months
respectively (Kaushal and Verma, 2003). The difference be-
tween the decomposition rates of E. cylindricum and the spe-
cies cited above could be as a result of the litter qualities of
the plant species and different climatic conditions. Climate
and litter quality are the two most important factors in deter-
mining the litter decomposition rate (Rawat et al., 2010Bisht
et al., 2014). The influence of climate and litter quality in
controlling litter decomposition rate varies across ecosystem
types (Zhanget al., 2008). Bisht et al., (2014) The differential
cumulative decomposition rates of soil surface-placed and
soil-incorporated are in line with those of Kaushal and Ver-
ma (2003) they reported significant differences between soil
surface-placed and soil-incorporated leaf litters of different
agroforestry tree species in India. The faster decomposition
rate of soil incorporated fresh leaf than surface placed could
be as a result of favourable moisture condition, It has been
reported that 90% of the effect of residue location/placement
method ondecomposition is explained by mulch water con-
tent and that other limiting factors for decomposition such as
soil-residue contact, N availability or microbial colonization
are of minor importance compared to the water regime
(Coppens et al., 2007). Since E. cylindricum fresh leaf has
high decomposition rates there is need for it to be utilized in
traditional farming systems including home gardens in the
tropics as organic manure/mulch. This will help to improve



soil fertility in farmlands as well as improve trees and ara-
ble crop growth and yield in agroforestry systems.

4.2 Relative decay/ disappearance rates

The initial rapid relative disappearance/decay rates ob-
served in the fresh leaf within the first 4 WALP irrespec-
tive of placement methods are in line with the reports of
Abugre (2011) and Kaushal and Verma (2003). The rapid,
initial phase of fresh leaf relative disappearance rates
could be due to breakdown of small soluble carbon mole-
cules, like starches, sugars and amino acids, remaining the
more recalcitrant molecules like lignin, cellulose, fat and
waxes. Decomposition during the initial stage is fast be-
cause these substances are easy to breakdown and are en-
ergy-rich. The second stage of decomposition, which is the
breakdown of lignin, is not as fast as the first stage be-
cause of the presence of lignin which has complex and
large molecules (Hasanuzzaman and Hossain, 2014;
Abugreet al., 2011; Matos et al 2011).

The non-significant differences between the relative decay
rates of the two modes of placement for fresh leaf decom-
position indicate similarity in daily decay processes
throughout the study period. This feature further stresses
that the fresh leaf of the species could be used as mulch
materials for weed control and for soil conservation.

4.3 Turnover Coefficients, Half-Lives And Full-Lives Of
E. cylindricum

Fresh Leaf

The predicted half-lives and full lives obtained for fresh
leaf for the two placement methods (5.08/2.10 and
16.36/10.61) of E. cylindricum are within the range for
trees/shrubs in the tropics. Bockheim et. al. (1991) report-
ed that there is wide variability in litter half-lives of spe-
cies of different climatic regions from arctic to tropical
climates. The predicted half-life of 5.08 weeks for soil
surface-placed fresh leaf of E. cylindricum is in line with
the result of Ekpendu (2003) for soil incorporated leaf
litter of Irvingiawombulu (5.9 weeks) and Hartemink and
Sullivan (2001) for leaf litter of Piper aduncum (7 weeks).
The predicted half-life of 2.10 weeks for soil incorporated
of the fresh leaf of E. cylindricum is lower than those ob-
tained in the studies cited above. However, the results of
E. cylindricum half-lives for the fresh leaf is in contrast
with those of Dhanya et al., (2013) for F. benghalensis
(5.54 months) Moro and Domingo (2000) for Pinus spe-
cies (4 — 5 years), for Cistusspp (3.2 years) and Adenocar-
pusspp (1.3 years). Differences between the half-lives of
E. cylindricum and those of F. benghalensis,Pinus, Cistus
and Adenocarpus spp might be due to differences between
the nutrient contents of these species. Coniferous litter is
known to be rich in recalcitrant compounds. The half-lives
of fresh leaf decomposition rates of E. cylindricum once
again indicate that fresh leaves of the species could be
useful as an organic manure for

fast-growing arable crops in the field. Such crops will
maximally obtain nutrients from the decomposing E. cy-
lindricum fresh leaf pruning and leaf litter for their initial
enhanced vegetative growth rates.

5.0 Conclusion

The study has revealed that E. cylindricum tree pruning
has a high decomposition rate. The fresh leaf decomposed
to half of its original mass in 5 weeks for surface-placed
and 2 weeks for soil-incorporated. Total decomposition of
16 weeks for soil surface-placed and 11 weeks for soil-
incorporated indicate the total release of the nutrient ele-
ments in the leaf. The decomposition constants of 6.93 yr
and 17.33 yr? revealed that nutrients in the fresh leaf
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could be released into the soil within a year. The tree prun-
ing could be used as an organic manure for soil fertility
restoration.

The comparatively high relative decay rate of the fresh
leaf and the subsequent release of nutrient elements to the
soil are vital for sustenance of forest plantations and fast-
growing arable crops when incorporated in an agroforestry
system. Hence, conservation strategies that introduces E.
cylindricum into agricultural lands will not only help in
preserving the tree species but also in sustaining the land
for increased productivity.

Tree pruning of E. cylindricum could be used as mulch for
weed and soil erosion control since its half-life and full-
life are enough periods for weed control and reduction of
soil erosion in the farming system. Mulching reduces the
soil temperature, resulting in an improved buildup of soil
fauna that helps crop productivity These qualities of
E.cylindricum fresh leaf makes it suitable for adoption as
an agroforestry species in humid rain forests of Nigeria.
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