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Abstract

Determination of nutrient contents in Diospyros crassiflora leaf litter was
carried out in the Forestry Research Institute of Nigeria (FRIN), Okwuta-Ibeku,
Umuabhia, Abia State, Nigeria in 2016 and 2017. Three 1 m x 1 m trays were
randomly positioned for collection of leaf litter production from 4/5 years old
Diospyros crassiflora species in each block (10 m x 25 m) within the planta-
tion totaling 1.5 ha. A Randomised Complete Block Design (RCBD) with
three replicates was used to study the mean monthly leaf litterfall of Diospy-
ros crassiflora. Leaf litter was collected from each of the three litter trays per
block and placed in paper bags every 28" day of each month from Janu-
ary-December in 2016 and in 2017. Fifteen grammes (15 g) of properly mixed
and oven-dried samples of D. crassifloraleaf litter were milled and sieved in 1
mm sieve; 0.3 g was used to determine nutrient elements and their concentra-
tions. The data obtained from mineral nutrient contents of D. crassiflora leaf
litter was analysed using analysis of variance. Result reveals the mean con-
centrations of nitrogen (1.41 and 1.41 mgl1™), phosphorus (0.18 and 0.18
mg-1™"), potassium (0.68 and 0.68 mg:1™"), sodium (0.35 and 0.30 mg-1™"), cal-
cium (1.57 and 1.56 mg-1™"), magnesium (0.32 and 0.31 mg-1™"), chlorine (0.25
and 0.24 mg1™"), Organic carbon (0.03 and 0.03 mg-1"") and Organic matter
(1.17 and 1.18 mgl™) etc. in D. crassiflora leaf litter in January-December
(2016 and 2017). The study shows almost uniform distribution of mineral
elements concentrations in 2016 and 2017.
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Concentrations

1. Introduction

The forest trees and shrubs, especially foliar components are utilized by animals
(livestocks) as fodder (Longman, 2007). Most of these tree species comprise of
proteins, mineral nutrients and vitamins, which nutrient contents also vary from
species to species (Dicko and Sikena, 1992). The variation in nutrient (N, P, and
K) concentrations in the litter of different species at the initial stages of decom-
position is due to different families with variations in chemical and biochemical
properties of leaf litters (Hasanuzzaman and Hossain, 2014). Tree species affect
soil chemical and biological properties through many factors, such as the rates
and distribution of nutrient and water inputs, outputs and cycling (Binkley and
Giardina, 1998).

Tree species influence soil chemical properties through differences in the
quantity and chemistry of their leaf litterfall (Guckland et al., 2009; Reich et al.,
2005; Vesterdal et al., 2008 and Mangesh et al., 2019). According to Hasanuzza-
man and Hossain (2014), nutrient concentration was found to decrease gradual-
ly at the end of a 180 days’ experiment in dry season on Common Horticultural
Cropland Agroforest Tree Species of Bangladesh. Conversely, nutrient concen-
trations decreased at the initial stage but increased at the end of the study in the
raining season.

The nutrient content of soil such as available Nitrogen (Av. N), Organic Car-
bon (OC %), available Phosphorous (Av. P) and exchangeable Potassium (K)
showed decreasing nutrient content with depth (Mangesh et al., 2019). Kumar et
al. (2012) reported nitrogen, phosphorus contents and nitrogen mineralization
of soil nutrients were related to litter nutrient release, but studies have shown
that the impact of nutrient supply on litter substrate quality is unpredictable,
because the internal nutrient concentration in live leaves and aging leaves absorb
different nutrients, litter leaf nutrient leaching, and species with high nutrient
content accompanied soil nutrient cycling. This implies that plant species, age
and substrate quality has vital role to play in nutrient contents of leaf litter depo-
sited in the soil in a given ecosystem. Leaf litter of selected plant species signifi-
cantly contributed towards soil nutrient status (Mangesh et al., 2019).

Nitrogen and phosphorus concentrations and remaining stocks from decom-
posing leaf litter were consistently higher in Carpinus litter than in Quercus lit-
ter, thus calcium and magnesium concentrations which remain intact from de-
composing litter varied considerably among the three litter types because these
elements were dependent on inherent characteristics of leaf litter rather than on
immobilization or on leaching during the decomposition processes (Jeong et al.,
2015).

However, most leaf litters contain adequate levels of mineral content which
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include calcium (Ca), magnesium (Mg), manganese (Mn), potassium (K), phos-
phorus (P) etc., while some have higher concentrations of calcium and potas-
sium than the other minerals (Dicko and Sikena, 1992). There are also abnormal
concentrations of some minerals, such as sodium chloride and seleniums, in
some browse plants (Wood, 1995 and Longman, 2007). Cycling of N, P, K, Ca
and Mg which are soil derived nutrient elements can also limit primary produc-
tion; these nutrient elements are themselves influenced by climate, species com-
position and successional status (Ananthakrishnan, 1996). The concentrations of
N, P, K, Ca and Mg in foliage may also vary with the type of soil (Ananthakrish-
nan, 1996). This paper focuses on determination of nutrient contents in the leaf
litter of Diospyros crassiflora (African Ebony) plantation in Umuahia, Abia State
in 2016 and 2017.

2. Materials and Methods
2.1. Description of Study Sites

The study of determination of nutrient contents in the leaf litter of Diospyros
crassiflora (African Ebony) was carried out in Humid Forest Research Station,
Forestry Research Institute of Nigeria (FRIN), Okwuta-Ibeku, Umuahia, Abia
State, Nigeria. Okwuta-Ibeku, Umuabhia is located at kilometres five (km 5) along
the Umuahia/Ikot Ekpene highway. It is within the lowland rainforest (Keay,
1959). It lies between longitudes 7°32" and 8°10'E and latitude 5°29' and 6°14'N
of the equator, and on an altitude of 122 m (Source: Metrological Station, Na-
tional Root Crop Research Institute (NRCRI) Umudike, Nigeria). The soil type
is Ultisol which ranges from sandy loam to sandy clay-loam (Source: Soil Divi-
sion, NRCRI, and Umudike). Umuahia has the following mean annual climatic
data: rainfall: 2238 mm, maximum and minimum temperatures: 32°C and 23°C
respectively, and relative humidity: 65% - 80% (Source: Metrological Station,
NRCRI, Umudike, Nigeria). The vegetation of the study site within the Humid
Forest Research Station, according to Ariwaodo (2017) has the following plant
species: Bambusa vulgaris (Poaceae), Milletia aboensis (Papilonaceae), Rauvol-
phia vomitoria (Apocynaceae), Tabernaemontata pachysiphon (Apocynaceae),
Elaeis guineensis (Arecaeae), Alcornea cordifolia (Euphurbiaceae), Anthonclies-
ta djalonensis (Loganiaceae), Mallotus oppositifiolius (Euphorbiaceae), Antiaris
africana (Moraceae), Combretum spp (Combretaceae), Lonchocarpus cyanes-
cens (Loganiaceae), Palisota hirsute (Commelianaceae), Massularia acumminata
(Rubiaceae), Macaranga barteri (Euphorbiaceae), Dalbergia melanoxylon (Papi-
lonaceae), Melicia excelsa (Meliaceae), Entandrophragma angolense (Meliaceae)
and Carpolubia lutea (Polygalaceae).

2.2. Methods

2.2.1. Experimental Design
A Randomised Complete Block Design (RCBD) with three replicates was used to

study the mean monthly leaf litterfall of Diospyros crassiflora. Three 1 m x 1 m
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trays were randomly positioned for collection of leaf litter production from 4/5
years old Diospyros crassiflora species in each block (10 m x 25 m) within the

plantation.

2.2.2. Data Collection and Laboratory Analysis

Leaf litter was collected from each of the three litter trays per block and placed in
paper bags every 28" day of each month from January-December in 2016 and in
2017. The monthly collected leaf litter was oven-dried at 70°C for 48 hours at the
Laboratory of the Department of Forestry and Environmental Management,
Michael Okpara University of Agriculture, Umudike, Abia State, Nigeria. The
oven-dried leaf litters per litter tray were weighed to obtain the total litter pro-
duction each month.

Fifteen grammes (15 g) of properly mixed and oven-dried samples of D. cras-
siflora leaf litter were milled and sieved in 1 mm sieve. From the oven-dried
milled samples, 0.3 g was used to determine: nitrogen (N), phosphorus (P), po-
tassium (K), sodium (Na), calcium (Ca), magnesium (Mg), chlorine (Cl), Iron
(Fe), hydrogen ion concentration (pH), cadmium (Cd), lead (Pb), Organic car-
bon and Organic matter. The sub-sample of D. crassiflora was digested for total
N by the micro-Kjeldahl method (Jackson, 1962). Total P was determined pho-
tocolorimetrically by the Bray No 1 method (Bray and Kurtz, 1945), K and Na
were determined by the flame photometric method (Black, 1965). Ca and Mg
were determined by the ethylene diaminetetra-acetic acid (EDTA) method (Al-
lison, 1973).

Chlorine was determined titrimetrically (Dewis and Freita, 1970). Ten (10) ml
water sample was pipetted into a 150 ml conical flask. Three drops of potassium
chromate were added into the flask as an indicator. The water sample was ti-
trated with 0.02 N AgNO; to a reddish brown end point. Iron (Fe) was analyzed
using the atomic absorption spectrophotometer (AAS) with UNICAM 929 spec-
trophotometer equipment according to the procedures of Allison (1973). The
hydrogen ion concentration (pH) was measured electronically on a direct read-
ing pH meter using a glass of electrode with a saturated potassium chloride-calomel
reference electrode (Dewis and Freita, 1970). The pH meter was calibrated with
standard pH buffer solution of pH 4.0, pH 7.0 and pH 9.0; 50 ml water sample
was pipetted into a 100 ml clean beaker and the electrode was dipped into the
beaker. Lead and cadmium were determined in water sample using the method
of AOAC (1990) and APHA (1995). Ten (10) ml of water samples of Pb were in-
dividually placed in a 500 ml beaker. Each sample of Pb and Cd was heated in a
water bath at 100°C to concentrate the sample to 40 ml. 5 ml, 1.0 ml HCI solu-
tion was then added to the concentrated water and brought to 50 ml volumetric
flask. The levels of Pb and Cd were determined using the atomic absorption
spectrophotometer (AOAC, 1990; APHA, 1995). Organic carbon by the wet
oxidation method (Black, 1965), while Organic matter was obtained as Organic
carbon x 1.72 (Broadbent, 1965).
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2.2.3. Statistical Analysis

The data obtained from mineral nutrient contents of D. crassiflora leaf litter was
analyzed using analysis of variance (ANOV A) and Fisher’s Least Significant Dif-
ference (F-LSD) at P < 0.05 to determine significant difference between treat-
ment means according to the procedures of Steel and Torrie (1980) and Alika
(2006).

3. Results

3.1. Nutrient Contents of the Leaf Litter of Diospyros crassiflora
Species in 2016 and 2017
3.1.1. Nitrogen (N), Phosphorus (P) and Potassium (K) (mg-1-1) Contents
Table 1 shows the N contents of the leaf litter of D. crassiflora over time
(Months; January-December, and Years of study: 2016 and 2017). No significant
differences existed between the N contents of the leaf litters in the two study
years, 2016 and 2017. In terms of Months, Table 1 shows that January and Feb-
ruary (each with 1.49 mg-1™'") had similar (p < 0.05) N contents which were sig-
nificantly higher than the N contents of March (1.127 mgl™), April (1.31
mg1™), May (1.37 mgl™"), September (1.39 mg-1™'), August (1.40 mg:1™"), June
(1.42 mg-1™"), July (1.43 mg-™"), and November (1.45 mg-1™'). However, January
and February N contents (each 1.49 mg-1™') were statistically similar to those of
October and December (each 1.47 mg-1"). The statistically similar N contents of
March (1.27 mg-1™") and April (1.31 mg1™") had significantly the least N values.
In terms of Years x Months treatment interactions, the statistically similar N
contents of January, 2016 and February, 2017 (1.51 mg:1"' each) had significantly
the highest N contents. The statistically similar N contents of March, 2017 (1.25
mg-1™") and March, 2016 (1.28 mg-1™") gave the least (p < 0.05) results.

Table 1 summarizes the results of the P contents of leaf litter of D. crassiflora
over time (Months: January-December), and Years (2016 and 2017). The table
shows that there were no significant differences between the P contents of the
two Years of study (2016 and 2017), Months of study (January-December) and
even the treatment interaction of Years x Months.

Table 1 shows the Potassium (K) contents of the leaf litters of D. crassiflora
overtime (Months: January-December) and Years (2016 and 2017). In terms of
Years, no significant differences existed between the K contents of 2016 and
2017. The table shows that the statistically similar K contents of March (0.73
mg-1™"), April (0.71 mg1™"), June (0.72 mg-1™"), November (0.72 mg-1"") and De-
cember (0.71 mgl™') were significantly higher than those of January (0.15
mg-1™"), February (0.62 mgl™"), May (0.62 mgl™"), July (0.44 mgl™"), August
(0.68 mg-1™"), September (0.61 mg-1"") and October (0.67 mg-1™"). The statistically
similar K contents of February (0.62 mg:1™") and September (0.61 mg1™") gave
the least (p < 0.05) results. In terms of the K contents of the Years x Months
treatment interactions, May, 2016, June, 2016 and December, 2017 had signifi-
cantly higher K contents (each with 0.73 mg1™") than February, 2016 and Sep-
tember, 2017 (each with 0.61 mgl™'), September, 2017 (0.62 mg:1™"), October,
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Table 1. Nitrogen (N), Phosphorus (P) and Potassium (K) (mg1™) of the leaf litter of Diospyros crassiflora in a plantation at

Umuabhia, Nigeria.

Nitrogen (N) (mg-1™") contents Phosphorus (P) (mg-1™) contents  Potassium (K) (mg-1™") contents

Years of Study Mean Years of Study Mean Years of Study Mean
Months 2016 2017 (Months) 2016 2017 (Months) 2016 2017 (Months)
January 1.51 1.46 1.49 0.19 0.17 0.18 0.64 0.66 0.65
February 1.47 1.51 1.49 0.16 0.17 0.17 0.61 0.64 0.62
March 1.28 1.25 1.27 0.20 0.10 0.19 0.72 0.71 0.73
April 1.31 1.30 1.31 0.18 0.16 0.17 0.72 0.71 0.71
May 1.40 1.34 1.37 0.17 0.17 0.17 0.73 0.65 0.69
June 1.40 1.43 1.42 0.17 0.18 0.18 0.73 0.71 0.72
July 1.41 1.44 1.43 0.18 0.18 0.18 0.64 0.64 0.64
August 1.39 1.41 1.40 0.18 0.19 0.19 0.70 0.65 0.68
September 1.38 1.41 1.39 0.18 0.20 0.19 0.62 0.61 0.61
October 1.47 1.46 1.47 0.18 0.18 0.18 0.63 0.70 0.67
November 1.44 1.46 1.45 0.18 0.18 0.18 0.73 0.72 0.72
December 1.47 1.46 1.47 0.21 0.16 0.18 0.68 0.73 0.71
Mean (Years) 1.41 1.41 0.18 0.18 0.68 0.68
F-LSD (0.05) for N (mg-1™") F-LSD (0.05) for P (mg-1™") F-LSD (0.05) for K (mg1™)
Year (Y) NS NS NS
Months (M) 0.03 NS 0.03
Year x Months (Y x M) 0.04 NS 0.04

F-LSD = Fisher least significant different, NS = Not significant.

2016 (0.63 mg-1™"), January, 2016, February, 2016, July, 2016 and July, 2017 (each
with 0.64 mg-1™"), May, 2017 and August, 2017 (0.68 mg-1"' each), January, 2017
(0.66 mg-1"") and December, 2016 (0.68 mg-1""). However, the K contents of May,
2016, June, 2016 and December, 2017 (0.73 mg-1™') were not significantly differ-
ent from those of October, 2017 and August, 2016 (0.70 mg1™" each), March,
2017, April, 2017 and June, 2017 (0.71 mgl™"), and March, 2016, November,
2016 and November, 2017 (each 0.72 mg-1™"). The statistically K contents of the
Years x Months Interactions of February, 2016 and September, 2017 each 0.61
mg1™), September, 2016 (0.62 mgl™"), October, 2016 (0.63 mg:l™"), January,
2016, February, July, 2016 and July, 2017 (each 0.64 mg-1™") had significantly the

least results.

3.1.2. Sodium (Na), Calcium (Ca) and Magnium (Mg) (mg-1-1) Contents

Table 2 shows the Na contents of the leaf litter of D. crassiflora over time
Months (January-December) and years (2016 and 2017). In terms of years, 2016
had significantly higher Na contents than 2017. In terms of months, July (0.40
mg1™") and September (0.25 mg-1™") had significantly the highest and least Na
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Table 2. Sodium (Na), Calcium (Ca) and Magnesium (Mg) (mg-1™") contents of the leaf litter of Diospyros crassiflora in a planta-

tion at Umuabhia, Nigeria.

Sodium (Na) (mg-1™") contents Calcium (Ca) (mg:l™) contents  Magnesium (Mg) (mg-1™") contents

Years of Study Mean Years of Study Mean Years of Study Mean
Months 2016 2017  (Months) 2016 2017  (Months) 2016 2017  (Months)
January 0.32 0.28 0.30 1.55 1.53 1.58 0.31 0.30 0.31
February 0.33 0.31 0.32 1.55 1.61 1.58 0.32 0.33 0.33
March 0.32 0.32 0.32 1.56 1.60 1.58 0.32 0.33 0.33
April 0.34 0.35 0.34 1.59 1.61 1.60 0.33 0.33 0.33
May 0.36 0.31 0.34 1.57 1.64 1.61 0.31 0.32 0.31
June 0.38 0.28 0.33 1.60 1.60 1.61 0.31 0.33 0.32
July 0.40 0.39 0.40 1.44 1.44 1.44 0.33 0.31 0.32
August 0.35 0.25 029 1.46 1.45 1.46 0.32 0.30 0.31
September 0.32 0.18 0.25 1.43 1.44 1.44 0.32 0.32 0.32
October 0.37 0.32 0.34 1.61 1.69 1.65 0.28 0.28 028
November 0.33 0.28 0.30 1.56 1.30 1.58 0.32 0.32 0.32
December 0.32 0.31 0.32 1.56 1.56 1.57 0.29 0.30 0.29
Mean (Years) 0.35 0.30 1.57 1.56 0.32 0.31
F-LSD (0.05) for N (mg-1™") F-LSD (0.05) for P (mg-1™") F-LSD (0.05) for K (mg-1™)
Year (Y) 0.01 0.001 NS
Months (M) 0.02 0.02 0.02
Year x Months (Y x M) 0.03 0.02 NS

F-LSD = Fisher least significant different, NS = Not significant.

contents respectively. Summary of the Na contents of the months are signifi-
cantly as follows: July > April = May = October = June; June = February =
March = December > September, November and January. In terms of Interac-
tion Years x Months, July, 2016 (0.40 mg1™") had significantly higher Na con-
tents than September, 2017 (0.18 mg-1™'), August, 2017 (0.24 mg-1""), November,
2017 (0.27 mg1™"), January, 2017 and June, 2017 (each, 0.28 mg-1™"), February,
2017, May, 2017 and December, 2017 (each 0.31 mg-1""), March, 2017, October,
2017, December, 2016, September, 2016, March, 2016 and January, 2016 (each
0.32 mg-1™"), November, 2016 and February, 2016 (each 0.33 mg-1™"), April, 2016
(0.34 mg-1™"), August, 2016 and April, 2017 (each 0.35 mg-1™"), May, 2016 (0.36
mg-1™") and October, 2016 (0.37 mg-1""). However, the Na contents of June, 2016,
(0.38 mg-1™"), July, 2017 (0.39 mg-1™") and July, 2016 (0.40 mg-1™") were statisti-
cally similar. The table shows that September, 2017 had significantly the least Na
content (0.18 mg-1™).

Table 2 also shows the Ca contents of the leaf litter of Diospyros crassiflora
overtime (months in the two study years 2016 and 2017) at Umuahia, Nigeria. In
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terms of Years (Y), 2017 (1.56 mg-1"'") had significantly higher Ca content than
2016 (1.54 mg-1™"). In terms of months (M), October (1.65 mg-1"") had the high-
est (p £ 0.05) Ca contents. July and September each with 1.44 mg-1™") had signif-
icantly the least Ca contents. Summary of the Ca contents of the specific months
are significantly as follows: October > May = June = April > February = March =
November = December > January > August > July = September. In terms of In-
teraction Years x Months (Y x M), October, 2017 (1.69 mg-1™") and September,
2016 (1.43 mg1™") had significantly the highest and least Ca contents respective-
ly.

Table 3 shows the Mg contents of the leaf litter of Diospyros crassiflora over-
time (months in 2016 and 2017) at Umuahia, Nigeria. The table shows that no
significant differences existed between the Magnesium contents of the study
years, in 2016 and 2017. In terms of the months of study, February, March and
April (each with 0.33 mg-l™" Mg content) had significantly higher Mg contents
than January, May and August (each with 0.31 mg-1™"), October (0.28 mg-1"') and
December (0.29 mgl1™"). However, the Mg contents of February, March and
April were statistically similar to those of June, July, September, November (each
with 0.32 mg1"). The Mg contents of June, July, September and November
(each 0.32 mg-1™'") were not also significantly different from each that of January,
May and August (each with 0.31 mg-1™"). The statistically similar Mg contents of
October (0.28 mg-1"") and December (0.29 mg-1™") had significantly the least re-
sults. Table 2 also shows no significant differences existed between the Mg con-

tents of Years x Months treatment interactions.

3.1.3. Chlorine (Cl) (mg-1-1), Iron (Fe) (mg-1-1) and pH Values Contents
Table 3 shows the chlorine (Cl) contents of the leaf litter of Diospyros crassiflora
species in 2016 and 2017. No significant differences existed between the CI con-
tents of the two years of study, 2016 and 2017. The Cl contents of the Years x
Months treatment interactions were not significantly different from each other.
The Cl contents of the months of study were significantly different. The statisti-
cally similar Cl contents of May (0.27 mgl1™), June (0.27 mgl™), July (0.28
mgl1™"), August (0.27 mg1™"') and September (0.27 mg-1™") had significantly the
highest Cl values. October (0.20 mg-1™") had the least (P < 0.05) Cl contents.
Summary of the CI contents of the months of study were significantly as follows:
May = June = July = August = September > April = March; March > January =
December > October.

Table 3 shows the Iron (Fe) contents of the leaf litter of Diospyros crassiflora
overtime (Months: January-December) and Years: 2016 and 2017. Fe contents of
leaves of D. crassiflora within the study months, February and April each with
similar Fe contents (1.09 mg1™) had significantly higher Fe contents than March,
June, July, August and September. However, the Fe contents of February and
April were statistically similar to those of January, May, October, November and
December. The Fe contents of March, May, June, July, August, September and

October were also statistically were similar.
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Table 3. Chlorine (Cl), Iron (Fe) and Magnesium (Mg) (mg-1™") contents of the leaf litter of Diospyros crassiflorain a plantation at
Umuabhia, Nigeria.

Chlorine (Cl) (mg:1™") contents Iron (Fe) (mg-1™) contents pH-value contents
Years of Study Mean Years of Study Mean Years of Study Mean
Months 2016 2017  (Months) 2016 2017  (Months) 2016 2017  (Months)
January 0.22 0.22 0.22 1.07 6.08 1.07 1.25 1.27 1.26
February 0.23 0.22 0.23 1.09 1.09 1.09 1.35 1.35 1.35
March 0.23 0.24 0.24 0.74 0.74 0.74 1.24 1.30 113
April 0.24 0.25 0.25 1.09 1.09 1.09 1.02 1.08 1.05
May 0.27 0.27 0.27 0.87 0.88 0.88 1.13 1.26 1.20
June 0.28 0.27 0.27 0.09 0.78 0.84 1.22 1.23 1.23
July 0.28 0.28 0.28 0.83 0.83 0.83 1.29 1.31 1.30
August 0.27 0.27 0.27 0.84 0.89 0.86 1.22 1.08 1.15
September 0.28 0.25 0.27 0.81 0.85 0.83 1.12 1.08 1.10
October 0.19 0.21 0.20 0.98 0.95 0396 1.10 1.16 1.12
November 0.25 0.22 0.23 0.97 1.08 1.03 1.16 1.19 1.17
December 0.22 0.22 0.22 1.04 1.06 1.05 1.14 1.13 1.14
Mean (Years) 0.25 0.24 0.94 0.94 1.19 1.18
F-LSD (0.05) for Cl (mg1™") F-LSD (0.05) for Fe (mg-1™")  F-LSD (0.05) for pH-value contents
Year (Y) NS NS NS
Months (M) 0.02 0.23 0.08
Year x Months (Y x M) NS NS 0.10

F-LSD = Fisher least significant different, NS = Not significant.

Table 3 also shows the pH-values of the leaf litter of Diospyros crassiflorahad
no significant differences existed between years of study (2016 and 2017). In
terms of months, the table shows that February (1.35) had significantly higher
pH-value than January (1.26), March (1.13), April (1.05), May (1.20), June (1.23),
August (1.15), September (1.10), October (1.12), November (1.17) and Decem-
ber (1.14). However, no significant difference existed between the pH-values
February (1.36) and July (1.30). Although the pH-values of April, September and
October were statistically similar, April (1.05) had significantly lower pH-value
than January (1.26), February (1.35), March (1.13), June (1.23), July (1.30), Au-
gust (1.15), November (1.17) and December (1.14). In terms of Interactions
Years x Months the table shows that although February in 2016 (1.35) and 2017
(1.35) had statistically the same pH-values with January, 2017 (1.27), March,
2016 (1.24), May, 2017 (1.26) and July in 2016 (1.29) and 2017 (1.31), the pH
values of February in 2016 and 2017 were significantly higher than those of the
other months in 2016 and 2017. Table 3 also shows that except the months of
April, 2017, August, 2017 (1.05), September in 2016 (1.12) and 2017 (1.08) and
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October, 2016 (1.10), April, 2016 (1.08) had significantly the least pH-values.

3.1.4. Organic Carbon (Org. C) (mg-1-1), Organic Matter (Org. M) (mg-1-1),
Cadmium (Cd) (mg-1-1) and Lead (Pb) (mg-1-1) Contents

Table 4 shows the Org. C contents of D. crassiflora over study Months; Janu-
ary-December, and study Years: 2016 and 2017. In terms of Years, 2016 had
higher (p < 0.05) Org. C content than 2017. In terms of Months, August (0.38
mg1™") and May (0.14 mg-1"'") had significantly the highest and least Org. C con-
tents respectively. Summary of the Org. C contents of the months of study are
significantly as follows: August > September > July = February > December =
January = November > May, October, March, June, April = June > May, October
and March, October = March > May. Years x Months interaction were statistically
similar Org. C contents of August, 2016 (0.39 mg1™"), August, 2017 and Sep-
tember, 2016 (each 0.37 mg:1™") had significantly the highest results. November,
2016 (0.15 mg-1™") and May, 2017 (0.15 mg:1™") with statistically similar results,
had significantly the least Org C. values.

Table 4 shows the Org. M contents of the leaf litter of D. crassiflora over time

Table 4. Org. C, Org. M, Cd and Pb (mg-1"") contents of the leaf litter of Diospyros crassiflora in a plantation at Umuahia, Nigeria.

Org. C (mg1™") contents Otrg. M (mg-1™") contents

Cd (mg-1™") contents Pb (mg-1™) contents

Years of Study Mean Years of Study Mean Years of Study Mean Years of Study Mean
Months 2016 2017 (Months) 2016 2017 (Months) 2016 2017 (Months) 2016 2017 (Months)
January 0.29 0.24 0.27 0.42 0.41 0.41 0.02 0.01 0.01 0.125 1.26 1.26
February 032 0.27 0.30 0.47 0.51 0.49 0.01 0.07 0.04 1.38 1.32 1.35
March 0.17  0.16 0.17 0.27 0.29 0.28 0.07 0.07 0.07 1.03 1.00 1.02
April 0.26 0.5 0.25 0.33 0.25 0.29 0.10 0.04 0.07 1.08 1.06 1.07
May 0.15 0.13 0.14 0.25 0.25 0.25 0.01 0.01 0.01 1.26 1.23 1.25
June 0.25 0.22 0.24 0.36 0.32 0.34 0.02 0.02 0.02 1.20 1.21 1.24
July 0.32 0.28 030 0.56 0.40 0.46 0.01 0.01 0.01 1.31 1.39 1.31
August 0.39 037 0.38 0.61 0.53 0.57 0.01 0.01 0.01 1.31 1.39 1.31
September 0.37  0.27 0.32 0.56 0.55 0.55 0.01 0.01 0.01 1.08 1.05 1.07
October 0.18 0.16 0.17 0.27 0.25 0.26 0.01 0.01 0.01 1.17 1.13 1.15
November 0.31 0.22 0.27 031 0.27 0.29 0.02 0.02 0.02 1.19 1.16 1.17
December 0.31 0.26 0.28 0.30 0.31 0.31 0.02 0.04 0.03 1.09 1.22 1.16
Mean (Years) 0.28 0.28 0.39 0.36 0.03 0.03 1.17 1.18
F-LSD (0.05) for F-LSD (0.05) for F-LSD (0.05) for F-LSD (0.05) for
Org. C (mg1™) Org. M (mg1™) Cd (mg1™) Pb (mg1™)

Year (Y) 0.02 NS NS NS

Months (M) 0.02 0.23 0.03 0.01

Year x Months (Y x M) 0.03 NS NS 0.02

F-LSD = Fisher least significant different, NS = Not significant.
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(Months; January-December, and Years: 2016 and 2017). The Years, 2016 had
significantly higher Org. M contents than 2017. In terms of Months, August
(0.57 mg1™") and September (0.55 mg-1"") with statistically similar Org. M con-
tents had significantly the highest Org. M values. May, followed by October had
significantly the least Org. M contents. Summary of the Org. M contents of the
months are significantly as follows: August = September > February > July >
January > June > December = April = November = March > May. March = Oc-
tober, October = May. The table also shows that April and November (0.29
mg-1™") had similar (p < 0.05) Org. M values that were also significantly higher
than those of January, May, October and March. The non-significantly differ-
ent Org. M values of March, April and November were higher than that of
May. The treatment interactions of Years x Months, August in 2016 (0.61
mg-17') had significantly the highest Org. M content. The least (p < 0.05) Org.
M results were obtained in the similar (p < 0.05) values of April, 2017, May,
2016, October, 2016 and November, 2017 (each 0.27 mg-1™'), and March, 2017
(0.29 mg-17™").

Table 4 shows the Cd contents of the leaf litter of Diospyros crassiflora over-
time (Months: January-December) and Years: (2016 and 2017). The table shows
that March had significantly the highest Cd content (0.07 mg-1™"). February (0.04
mg-1"") had higher (2 < 0.05) Cd content than January, May, June, August and
September each of which had (0.01 mgl1™"'). However, the Cd contents of
February were statistically similar to those of July, October, November and
December. The Cd contents of the following months: January, May, June,
August and September (each 0.01 mg-1™"), July, October and November (each
0.02 mg-1"") and December (0.03 mg-1"") were not significantly different from
each other. Table 4 shows that no significant differences existed between
study years (2016 and 2017) and between the treatments interactions of Year
x Months.

Table 4 shows the Pb contents of the leaf litter of Diospyros crassiflora over-
time (Months: January-December) and Years (2016 and 2017). In terms of the
years of study (2016 and 2017), the Pb contents of the 2016 and 2017 were not
significantly different from each other. In terms of the specific months of study,
February (1.36 mg-1™') and March (1.36 mg:1™") had significantly the highest and
least Pb contents respectively. Summary of the Pb contents of the study months
are significantly as follows: February > July > January > May > June > Novem-
ber > December > October > August > September = April > March. In terms of
the Pb contents of the Years x Months treatment interactions, Table 4 shows
that February in 2016 (1.38 mg-1™') and March 2017 (1.00 mg1™") had signifi-
cantly the highest and least Pb contents respectively. February in 2017 (1.32
mg1™") and July in 2016 (1.32 mgl™") and 2017 (1.39 mg1™") had higher mean
monthly Pb contents than all the other months except February in 2016 (1.38
mg-1™"). March in 2016 (1.03 mg-1™") and 2017 (1.00 mg-1"') and August in 2016
(1.04 mg-1"") had comparatively the least Pb contents.
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4. Discussion

This study revealed that both macro and micro elements like: nitrogen (N),
phosphorus (P) and potassium (K), sodium (Na), calcium (Ca), magnesium (Mg),
chlorine (Cl), iron (Fe), lead (Pb), organic carbon (Org. C) and organic matter
(Org. M.) contents etc. of D. crassiflora leaf litter over time (January-December)
in 2016 and 2017 were significantly low within the period of study. Cé6té and
Fyles (1994) also noted that White pine (Pinus strobusL.) was low in all nutrient
contents, while red oak (Quercus rubra L.) leaf litter was not very acidic but was
low in nutrient concentrations. The lower concentration of these nutrients in the
leaf litter of D. crassiflora may be attributed to the species gene traits. However,
Ekpendu (2003) reported high concentrations of Org. C, N, P, K, Na, Ca and Mg
as well as high contents of carbon: nitrogen (C:N) ratio in the leaf of /rvingia
wombulu leaf litter. Mangesh et al. (2019) work on Caesalpinea pulcherima leaf
litter contents shows the highest level of available nitrogen and other mineral
elements is not also in agreement with this finding. Schroth (2003) noted that,
the nutrient concentrations in different parts of the biomass depend mainly on
tree species, phenological stage, management and site factors. Low concentration
of nutrients in the species could also be linked to the part (leaf litter) used in the
study. Tree prunings normally have higher concentrations of mobile nutrients
such as nitrogen, phosphorus, potassium and zinc than naturally fallen litter
from which these elements are retranslocated by the tree prior to abscission
(Marschner, 1995 and Schroth, 2003). The total input of N (1.41 and 1.41 (mg-1™)),
P (0.18 and 0.18 (mg-1"")) K (0.68 and 0.68 (mg:1™")) contents were recorded in
2016 and 2017 respectively, through the above ground litter dependent on the
nutrient concentration in the D. crassiflora leaf litter and its total production
within the study period. The lower rates of total N and soil OM, lower N con-
centrations in green leaves and higher N resorption in poplar may indicate less
stability in N nutrition (Gonzalez et al., 2020). D. crassiflora as a member of
family Ebenaceae is not nitrogen fixing tree, hence this could also contributes to
low level of nitrogen and other mineral elements. Palm (1995) and Schroth
(2003) noted that nitrogen fixing trees normally have higher nitrogen concentra-
tions in the biomass than non-fixing species.

The quantity and nutrient concentrations of leaf litterfall vary significantly
between tree species, stand age and development, which may be due to envi-
ronmental conditions of the area: like nutrients availability and water in the soil.
Na (0.35 and 0.30 (mgl™)), Ca (1.57 and 1.56 (mgl™")) Mg (0.32 and 0.31
(mg-1™")) contents in D. crassiflora leaf litter were significantly different in 2016
and 2017, but low concentrations of these mineral base elements do occur well in
this ecosystem. Though Ogbonna et al. (2010) reported that, the content of base
elements (K, Na, Ca and P) were relatively higher in pure Gmelina arborea stand
in Umuahia, Abia State Nigeria.

The concentrations of Cl (0.25 and 0.24) (mg1™"), Fe (0.94 and 0.94) (mg-1™")
and pH (1.19 and 1.18) values contents in D. crassiflora leaf litter from January
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to December in 2016 and 2017 respectively were relatively similar, but very low.
The low contents of these mineral elements could equally be attributed to the
stand age of the species, substrate quality and as well as site factors of the leaf
litters. It is an established fact that tree in any ecosystems lead to soil changes
through the chemical composition of foliage, quality and quantity of litter and
the rate of litter (Nwaigbo, 2004). The mean pH values (1.19 and 1.18) of D.
crassiflora leaf litter within the range are known to be strongly acid. Mangesh et
al. (2019) observed that, pH values of leaf litter of different plant species ranged
between 2.13 to 4.31. The pH values of any leaf litter within this range seem to
be mostly acidic in nature. According to Ogbonna et al. (2010) fallow soil and it
litters had high levels of base content (Ca, Mg and Na) that raised the pH of the
soil relative to the Gmelina plantation. The retention of improve bush fallow
which have high capacity of nutrient contents through leaf litter in south-eastern
Nigeria had proved to reduce soil acidity through release of Ca, Mg and Na from
fallow leaf litter (Ogbonna et al., 2010).

The mean concentration of Org. C (0.28 and 0.24) (mg-1™"), Org. M (0.39 and
0.36) (mg1™"), Cd (0.03 and 0.03) (mg-1™") and Pb (1.17 and 1.18) (mgl™") con-
tents of D. crassiflora leaf litter from January to December in 2016 and 2017
were significant different, despite low nutrient contents. Org. C and Org. M
contents in this study are in same range with the work of Ogbonna et al. (2010)
who noted Org. C (0.970) and Org. M (0.560) Gmelina arborea, while Ekpendu
(2003) recorded Org. C (43.51 mg-1"") and high level of Org. M contents on Ir-
vingia wombulu species. Nutrient accretion to the soil is primarily through leaf
litterfall and decomposition. Organic matter breakdown in the tropical ecosys-
tem such as Nigeria is rapid and aid in plant litter decomposition, which later
return nutrients to the forest soil/floor. Consequently, heavy metals like Cd and
Pb were also present in the leaf of D. crassifloraleaf litter though at low quantity.
This implies that the environment which D. crassiflora species was established is
polluted due to anthropogenic activities.

5. Conclusion

D. crassiflora leaf litter plays an important role within the nutrient cycle by re-
placement of various mineral nutrients to the forest soil/floor between January
and December in 2016 and 2017. The concentration of both macro and micro
elements was observed throughout different months and years of study with lit-
tle disparity in terms of nutrient contents. The variability among these mineral
elements within period of study (2016 and 2017) shows that there were no
unique months (dry season and rainy season) that the concentration nutrients in
the leaf litter of D. crassiflora were remarkable than others. The study shows
uniform distribution of mineral elements contents in 2016 and 2017.
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