Available online at www.banglajol.info
Bangladesh J. Sci. Ind. Res. 45(4), 351-358, 2010

BANGLADESH JOURNAL
OF SCIENTIFIC AND
INDUSTRIAL RESEARCH

E-mail: bjsir07@gmail.com

Litter Mass and Nutrient Dynamics in a Transformed Rainforest Ecosystem in
Southwestern Nigeria

A. F 0jo? T. O. S. Kadeba® and J. Kayode®

aDept. of Afforestation, Ministry of Lands, Housing and Environment, Ado - Ekiti, Nigeria,’Dept. of Forestry and
Wood Technology, Federal University of Technology, Akure, Nigeria and °Dept. of Plant Science, University of
Ado-EKkiti, Ado-EKiti, Nigeria.

Abstract

Litter mass and nutrient changes were studied in a tropical rainforest after the original vegetation was converted to a monoculture planta-
tion of teak. (Tectona grandis Lim.) in Akure forest reserve in southwestern Nigeria. The amount of litter and macronutrients N, P, K, Ca
and Mg in litterfall were determined and qualified. The difference in the mean annual litterfall of 6,688 kg ha't yr'1 and 3,774 kg ha yr'1
for the natural forest and plantation respectively are in the ratio 2:1. The mean monthly litterfall was statistically significant at 5% proba-
bility level. Except for N, nutrient recycling from litterfall showed no significant difference between the two ecosystems. The relative con-
tent of the nutrient elements in the litterfall were in the order Ca>Mg>K>N>P in the plantation. Result showed that even though there was
lot in litterfall as a result of the conversion, such was not enough to adversely affect the nutrient level of litter and overall litter nutrient con-
tribution to the ecosystem.
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Introduction

Litterfall is an important aspect of the plant nutrient recy-
cling process. Its production and subsequent decomposition
play a major role in the transfer of energy and nutrient in for-
est ecosystems (Songwe, 1984) especially in the tropics
where most of the recycling nutrient depends on the amount
of litter on the forest floor. Such litter is capable of adding
large organic materials to the soil (Oguche, 2002).
Subsequent decomposition of such organic materials and the
resultant nutrient release strongly influence both the physical
and chemical properties of the soil (Upadhay and Singh,
1989). Apart from the major role of litter in nutrient accumu-
lation and recycling, it has also been recognized that litter
cover plays a significant role in the germination of fallen
fruit. Hence, it aids natural regeneration of forests and wood-
lands (Shaw, 1968).

Litter production in any ecosystem depends on some factors.
These include the climatic condition of the ecosystem, the
forest type, species composition, the age of the forest and
plantation and method of conversion of the original forest to
plantation (O Connell and Sankaran, 1997). Nutrient release
to plants from litter is the first step in the recycling process
within the ecosystem. Effective recycling of nutrient
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enhances soil fertility (Okeke and Omaliko, 1992). The
amount of nutrient released to the soil from litter is however
influenced by the factors of the physical environment, the
resource (litter) quality and the litter decomposer communi-
ty (Swift and Anderson 1989).

This study is therefore designed to examine the changes in
the amount and pattern of litterfall, the nutrient and the rela-
tionship between the two as a result of such ecosystem mod-
ification.

Materials and Method

The study was conducted in the Permanent Sample Plot, PSP
No. 29 strictly reserved for research purpose by the Forestry
Research Institute of Nigeria (FRIN) Ibadan, Nigeria and the
adjacent 16 - year old teak plantation owned by the Ondo
State Government in the forest reserve. The area lies along
latitude 7° 18" N and longitude 5° 02* E (Jones, 1948) and
on an attitude of 250 m above the sea level (Fagbenro and
Onweluzo, 1976, Ola - Adams and Hall, 1987). The climate
is humid tropical (Thornthwaite, 1948) with seasonal varia-
tion. The mean annual rainfall is about 1,500 mm with
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double maxima in the months of July and September, and
short relatively dry period in August. The relative humidity
at 15 hours GMT is highest in the maxima months and low-
est in February at about 81 and 44 percent respectively
(Fagbenro et al; 1976). Temperature ranges from about 20.6°
C to 33.5° C. The monthly mean temperature is about 27° C,
a condition that is conductive to the development of the trop-
ical rainforests and plantations. The vegetation is lowland
rainforest.

The area is gently undulating and plain. The underlying rock,
which is gneiss, is crystalline as found in the basement com-
plex. As a result of continuous weathering, the ferruginous
(ferric luvisol) tropical soils which feature prominently in
many upland parts of southwestern Nigeria is also present in
Akure forest reserve (FAO/UNESCO, 1977).

Laying of plots

Two experimental sites representing two contrasting ecosys-
tems (natural rainforest and teak plantation), but with similar
soil and site conditions were selected adjacent to each other
on a level (slope less than 5%) land at the southern end of
Akure forest reserve. In each of the ecosystems, a study plot,
0.25 ha (50 m x 50 m) was demarcated. Each plot was fur-
ther sub - divided into twenty five 10 m x 10 m sub - plots.

Litter collection

Litter was collected in 1 m x 0.5m x 0. 15 m wooden trays
covered with 2 mm fibre mesh at the bottom to allow for tree
water drainage but not the smallest litter component in each
sample plot of the moist natural forest and teak plantation.
These trays were raised 0.75 m above the ground level to
prevent contact with the forest floor. Ten trays were random-
ly distributed within each plot.

Litter was collected monthly for 24 months. Samples were
taken to the laboratory, weighed, oven - dried at 70° C for 24
hours to remove moisture and bring all samples to constant
weights. They were later reweighed. The oven - dried sam-
ples were then sealed in envelopes and stored.

Total annual litter collection were pooled together and divid-
ed into three composite samples for nutrient analysis.
Samples of litter were oven - dried at 70° C for 24 hours for
subsequent nutrient analysis for N, P, K, Ca and Mg.

Litter Nutrient Analysis

Litter tissues were separated into leaf, twig and the reproduc-
tive parts. Samples were further oven-dried at 70° C for 24
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hours and ground in a Willey mill to pass through No. 40
mesh screen and then analysed for nutrient elements N, P, K,
Ca and Mg.

(i) Total N samples were digested using the semi-micro-
Kjeldahl method and N was colorimetrically determined
with the Technicon auti-analyser.

(if) Extracts for the determination of P, K, Ca and Mg were
prepared by wet digestion method using concentrated
sulphuric acid, H,SO, P was determined calorimetrical-
ly, K by flame photometry while Ca and Mg concentra-
tions were determined by atomic spectrophotometer.

Statistical Analysis

The student t was employed to test the mean values of aver-
age monthly amount of litter and those of litter nutrients.
Test of significance were carried out at 5% and 1% confi-
dence levels.

Results and Discussion
Amount and pattern of litterfall

The natural forest had a higher litterfall than the plantation;
but the litter had more variation in periodic distribution of its
mass on annual and monthly basis (Figs. 1 and 2).

Annual variation occurred in the two ecosystems as 5,437
kg/ha and 7,938 kg/ha of litter were recorded in the natural
forest in the first and second years respectively while 4,292
kg/ha and 3,055 kg/ha were recorded in the plantation with-
in the same periods (Table 1). Meanwhile, 6,688 kg/ha™ yr?
and 3,774 kg/ha yr  were recorded in the natural forest
and the teak plantation respectively on annual basis. These
figures were statistically significant at 5% probability level
(Table I1).

Peak litterfall occurred in the months of January and
February in the natural forest (872 kg/ha or 13%) while that
of the plantation (578 kg/ha or 15%) fall within December
and January.

Nutrient returns from litterfall
Nutrient concentration in litter components

Concentration of N, P, K, and Mg were low in the three
parts-leaf, twig and the reproductive (flowers and fruits)
parts, Ca was relatively more highly concentrated in the lit-
ter tissues in the two ecosystems (Table I11). The leaf has the
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Fig. 1 and 2: Mean monthly litter collection in the natural forest and teak platation of Akure forest reserve
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Table I: Annual litterfall of the natural forest and 16- year teak plantation in Akure forest reserve
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\egetation Annual litterfall (kg/ha) Peak litterfall(kg/ha)

year 1 Year 2 Mean 2 Mean 3 %
Natural forest 5437+63! 7938+94 6688+65 872 13.0
Teak plantation 4292+82 3055+63 3774+60 578 15.3

1 = Standard error, 2 = Annual mean for the 2 - year period, 3 = Peak period mean

Table I1:  Compasion of means (n=12) of biomass and nutrient content of monthly litterfall of the natural forest and
teak plantation in Akure forest resreve

Vegetation Mean monthly litterfall Mean nutrient values (kg/ha)

(kg/ha) N P K Ca Mg
Natural forest 577+65! 4.39+0.48" 0.39+0.06 3.69+0.73 17.75+2.38 3.37+0.46
Teak 314460 1.16+0.38 0.38+0.18 1.93+0.44 11.79+4.66 2.25+0.84
plantation
t-value * ol NS NS NS NS
1 = standard error NS = not significant at either 5% or 1% level

*

significant at 5% level ** = significant at 1% level

n = sample size

Table I11. Nutrient concentrations in litter components of natural forest and teak plantation in Akure forest reserve

Period Component N P K Ca Mg
1 2 1 2 1 2 1 2 1 2
February- | Leaf 1.08 0.28 0.08 0.04 1.08 0.34 4.24 2.80 0.92 0.40
April Twig 0.73 0.27 0.17 0.002 | 0.16 0.05 1.68 0.73 0.31 0.16
Reproductive | 0.51 0.33 0.04 0.04 | 1.10 0.72 | 0.87 1.83 0.20 0.40
May- Leaf 0.97 0.06 0.06 0.13 | 0.68 043 | 3.38 3.62 0.55 0.83
August Twig 0.19 0.28 0.03 0.03 | 0.29 023 | 352 1.44 0.65 0.27
Reproductive | 1.63 0.17 0.01 0.10 | 0.61 119 | 213 412 0.40 0.92
September{ Leaf 0.79 0.17 0.05 0.07 | 0.53 0.43 | 3.57 3.80 0.69 0.66
December| Twig 0.48 0.14 0.04 0.05 0.21 0.37 5.30 4.20 1.00 0.77
Reproductive | 0.47 0.03 0.01 004 | 141 0.60 | 1.04 1.14 0.19 0.23
January- Leaf 0.65 0.37 0.08 0.05 | 053 050 | 4.02 1.82 0.71 0.36
April Twig 0.03 0.14 0.06 0.01 | 0.27 0.05 | 3.37 151 0.69 0.26
Reproductive | 0.72 0.43 0.08 0.05 | 0.52 0.53 | 3.50 0.78 0.66 0.09
May- Leaf 1.04 1.49 0.09 0.05 | 0.83 035 | 296 2.53 0.58 0.48
August Twig 0.15 0.25 0.01 0.06 | 0.25 0.38 | 2.72 2.15 0.55 0.40
Reproductive | 0.33 0.39 0.04 0.06 | 0.72 0.79 | 081 0.95 0.12 0.17
September{ Leaf 0.97 0.34 0.05 0.15 | 0.37 049 | 215 3.63 0.41 0.67
December| Twig 0.40 0.31 0.04 0.01 | 0.67 0.35 | 3.26 1.12 0.57 0.38
Reproductive | 0.54 0.08 0.03 0.08 | 0.49 071 | 2.17 3.35 0.55 0.71
January Leaf 0.24 0.25 0.09 0.09 1.56 0.24 2.50 3.19 0.45 0.65
Twig 0.17 0.34 0.04 001 | 071 0.12 111 1.13 0.21 00.21
Reproductive | 0.39 0.25 | 0.001 | 0.003 | 0.001 | 0.08 | 0.001 | 2.67 0.003 0.83

1

Natural forest

2 = TeakPlantation
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Table 1V. Annual nutrient in litter components (kg/ha) of the natural forest and teak plantation of Akure reserve

Year Vegetation Litter part Nutrient
N P K Ca Mg
Natural forest Leaf 41.87+0.58! 3.52+0.05 34.51+0.63 173.32+2.62  33.30+0.55
Twig 2.92+0.07 0.47++0.01 1.62+0.03 26.47+0.54 4.98+0.10
Reproductive 1.60+0.04 0.06+0.003 1.90+0.07 2.57+0.06 0.52+0.01
Total 46.3910.61 4.05+0.06 38.06+0.67 202.36+2.49  38.80+0.53
Teak Plantation  Leaf 6.50+0.25 1.99+0.05 12.92+0.38 91.76+2.38 16.7040.42
Twig 1.00+0.03 0.09+0.003 0.78+0.02 7.65+2.20 1.45+0.04
Reproductive ~ 2.83+0.08 0.55+0.02 9.00+0.41 24.09+10.04 5.26+0.23
Total 10.33+0.29 2.63+0.04 22.70+0.03 123.50+2.21  23.41+0.40
Naturalforest Leaf 57.70+0.87 5.06+0.07 47.89+1.15 204.47+2.62  37.86+0.46
Twig 1.10+0.03 0.26+0.01 2.47+0.05 183.31+0.28 3.974+0.07
Reproductive  0.19+0.01 0.02+0.0003  0.20£0.005 1.09+0.03 0.16+0.005
Total 58.99+0.94 5.34+0.05 50.56+1.14 223.87+2.68 41.99+47
Teak plantation  Leaf 15.73+0.68 6.22+0.32 21.07+1.01 151.73+7.52 29.11+1.38
Twig 0.55+0.01 0.06+0.001 0.53+0.01 3.4440.05 0.73£0.01
Reproducive 1.16+0.04 0.17+0.004 2.02+0.16 4.28+0.10 0.76+0.02
Total 17.44+0.67 6.45+0.31 23.62+0.99 159.45+7.64  30.60+1.37

1 =

greatest percentage concentration of nutrients while the twig
had the least in both ecosystems. Concentration of nutrients
did not follow a specific pattern.

Standard error

Amount of nutrients in litterfall

The amount of each nutrient depends on two factors- the
concentration of the element in the litter part under consider-
ation and the mass of the part itself. Generally, Ca dominat-
ed the other elements in litterfall at the two sites, 202 kg and
124 kg of Ca was produced in a hectare of land under the for-
est and plantation respectively in the first year while 224 kg
and 159 kg of the same element was produced in the same
area of land of the natural forest and plantation respectively
in the second year (Table 1V). On annual basis, the elements
stood at 53kg and 14 kg N, 5kg and 4kg P, 44 kg and 23 kg
K, 213 kg and 141 kg Ca and 40 kg and 27 kg Mg in the nat-
ural forest and plantation respectively. Only N was statisti-
cally significant at 1% probability level (Table II).
Differences in the mean values of other elements were
minor.

Litter mass

The litter collected under the natural forest (6,688 kg/ha
yr 1) was about twice that of the under the plantation (3,774
kg/ha yr 1), Data on annual litterfall and nutrient content

in this study were compared with results of similar studies in
other tropical forests (Table V). The dry matter content val-
ues of this study's variation from the results of similar stud-
ies may be due to differences in location, edaphic factors,
spacing, human activities, trees species, their sizes and age.
All these factors had been known to influence the amount
and volume of liiterfall. (Ojo, 2005). For instance, Weaner et
al., (1987) reported that trees of greater timber size tend to
have more litter in Puerto Rico, and Lugo (1992) also report-
ed that variation in spatial distribution of litter in mass
occurred also in Puerto Rico due to location. Songwe (1984)
reported a massive litterfall in a mature tropical rainforest in
Cameroon due to that type of forest while Nwoboshi (1981)
observed a relatively large litterfall in a 25-year-old teak
plantation in Ibadan, Nigeria probably due to the number and
age of tree in the plantation. Spacing of trees had also been
observed to affect litter mass. For instance, Ola-Adams and
Egunjobi (1992) observed variation in the amount of litter-
fall in relation to teak trees spacing in Ibadan, Nigeria.

Ecological reaction to seasonal changes had been known to
affect the timing of peaks and termal distribution of litter
mass. The plantation had more litterfall at the on - set of the
dry season probably due to such ecological reactions. The
dry season brought along with it a massive litterfall. This
was similar to Lugo (1992) study in Puerto Rico where the
plantation reacted more quickly to seasonal changes than the
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Table V: Comparison of quantites of litterfall and nutrients (kg/ha/yr) under different tropical forests

Vegetation Location Dry | N P K Ca Mg Sources
matter

Tectona grandis Gambari F.R*
(17 yrs) (Nigeria)
1.7mx 1.7m 5067 |4.19 | 03 |266| 588 | 0.73 Ola - Adams and Egunjobi (1992)
Terminalia superbal Gambari F.R*
(13yrs)
1.8m x 1.8m (Nigeria) | 4153 |2.26 [0.23 |1.26| 4.15| 0.47 Ola - Adams and Egunjobi (1992)
Tectona grandis Ibadan
(8 yrs) (Nigeria)
2.4m x 2.4m 9020 Egunjobi (1974)
(18 and 26yrs)
(1.8m x 1.8m) 6600 Nwoboshi (1981)
Moist rainforest Gambari F.R*
(Semi - decidous) Ibadan

(Nigeria) 3730 Madge (1965)
Moist rainforest Omo FR Hopkins (1966)
(evergreen) (Nigeria) 7200
Moist rainforest Kade
(Semi - decidous) (Ghana) 10540 Nye (1961)
Moist rainforest Yangambi
(evergreen) (Zaire) 12400
Tectona grandis Ibadan 6043 | 494 (183 |30.9| 66.4 | 159 Nwoboshi (1981)
(25 yrs) (Nigeria)
Tropical rainforest | S.Bukundu 8600 (122.1 |11.4 |93.7|179.4| 38.7 Songwe (1984)
(Mature) (Cameroom)
Tropical rainforest | Akure 6688 |52.69 | 4.69 |44.30(213.12| 40.40 Present study
(moist) (Nigeria)
Tectona grandis Akure 3774 |13.89 | 4.54 |23.16|141.48 27.01 Present study
(16 yrs.) (Nigeria)

FR = forest reserve

adjacent secondary forest in terms of peak litterfall. The fact
that the two ecosystems had their litter peaks in the dry sea-
son confirmed an earlier report in a similar study in Australia
by O Connell and Menage (1985) that litter peaks are relat-
ed to water deficit. This deficit is likely to be severe during
the dry season.

Changes in litter nutrient

The natural rainforest seemed to have contributed more
nutrient to the nutrient recycling process. This is probably
due to the volume of litterfall. Even though there was a sig-
nificant difference in the values of litterfall at the two sites,
only N was significant at 1%. Differences in values of other
elements were minor. The significant value of N may be due

to the presence of leguminous trees in the heterogenous rain-
forest. Most leguminous plants are known to fix nitrogen
directly from the atmosphere. The non - significant nature of
other elements showed that the plantation had a more nutri-
ent immobilization in its litter especially as canopy closed
and therefore eliminated any level of nutrient in - take differ-
ence as according to Nwoboshi (1981) teak takes much of
the nutrient of its site.

The results of this study showed that the replacement of a
mature tropical high forest with a fast growing monoculture
plantation of teak led to a drop in the litter mass but did not
adversely affect the level of nutrients. This showed that the
replacement of the natural secondary rainforest was not an
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impediment to the ecosystem litter nutrient status. However,
care should be taken to consider establishing plantation in
degraded and marginal ecosystems rather than clearfelling
mature tropical species - rich high forest for such purpose.
This will help much in the maintenance of such forests to
sustain their biodiversity.
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