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Abstract

The study of nutrient cycling through precipitation pathways in Diospyros crassiflora
plantation was conducted in the Humid Forest Research Station, Forestry Research Institute
of Nigeria between 2016 and 2017.The experiment was 3 x 9 x 2 split- split plot design in a
Randomized Complete Block Design with three replications. Treatments were precipitation
pathways (rainfall, throughfall and stemflow), sampling periods (9 months) in the year
(2016 and 2017). Result of Precipitation pathways in stemflow, throughfall and rainfall
reveals the presence of macro- nitrogen, phosphorus, potassium, calcium, magnesium,
micro- chlorine, iron, lead, sodium elements and pH-value in D. crassiflora. Stemflow and
rainfall gave significantly the highest and the least nutrient contents. Nutrient released in
the precipitation pathways were in the following significant order: stemflow > throughfall >
rainfall. The study showed that precipitation pathways could be channels through which
nutrients are released into the forest ecosystem.

Key Words: Diospyros crassiflora, Precipitation pathways, Nutrient cycling, Mineral
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Introduction it pass through the forest canopy.
Rainfall is known to be commonest Irrespective of the pathways, a lot of
means where precipitations are distributed fractions and interception occur between
in our environment mostly in tropical tree canopies and forest floor. Interception
region. Precipitation associated with rain loss is defined as the fraction of rainfall
attracts a lot of mineral elements and intercepted by the canopy and then
compounds that is often deposited in the evaporates back into the atmosphere
soil. Rain water constitutes an important (Koyejo et al., 2020).
pathway for nutrient transfer to the forest Incident precipitation is one of the
floor (Koyejo et al., 2020). Rain reaching vital sources of nutrient inputs in forest
forest floor is partitioned into three major soil and as such, quantity of rainfall in a
precipitation pathways, namely: incident particular area has contributed immensely
precipitation, throughfall and stemflow as to the fertility of that ecosystem. Elements
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in precipitation originate from sources
including oceanic spray, gaseous and
industrial pollutants, terrestrial dusts and
volcanic emissions; nitrogen, sulphur,
chloride, calcium and sodium are
deposited to the ecosystem by way of
precipitation (Otorokpo, 2012 and Koyejo
et al., 2020).

Throughfall explains the process of
precipitation passing via the plant canopy
(Johnson and Lehmann, 2006).
Throughfall could be grouped into free
throughfall and canopy drip (Williams,
2004). Free throughfall is the raindrops
that reach the crown surface through the
gaps in the canopy leaves and branches
without hitting the canopy surface.
Canopy drip is the water drip from the
canopy surfaces and it happened when the
canopy surface rain-water exceeds its
storage capacity. It is the sum of free
throughfall and canopy drip (Levia et al.,
2019 and Koyejo et al, 2020).
Throughfall is the parts of the
precipitation that reaches the ground
directly through the gaps in the canopy
and drips from leaves, twigs and stems.
Throughfall is the major component of
understory  rainfall,  making  this
component a direct nutrient source for
forest plants and microorganisms.
Throughfall is also a key regulator of the
biogeochemical cycle of the Earth’s
surface (Gautam et al., 2017; Levia and
Frost, 2006; Su et al., 2019).This
phenomenon is controlled by such factors
as plant leaf and stem density, type of
precipitation, intensity of the
precipitation, and duration of the
precipitation event. The quantity of
rainfall passing through varies greatly
with the different vegetation (Pidwirny,
2006; Williams, 2004). Rates of througfall
are higher in areas of forest where the
leaves are broad-leaved, due to the fact flat
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leaves collect water. Rates of throughfall
are lesser in coniferous forests as conifers
can only hold individual droplets of water
on their needles.

Stemflow is the flow of intercepted
rain-water down the trunk or stem of a
plant (Williams, 2004). The redirection of
water by this process causes the soil
around the plant stem to receive additional
moisture (Pidwirny, 2006). In general,
stemflow has higher nutrient
concentrations than throughfall (Parker,
1983; Johnson and Lehmann, 2006), and
is in turn more greatly enriched than the
incipient precipitation. A longer canopy
residence time for stemflow water and
greater leachability of bark tissue
contribute to a chemical concentrations
gradient of water fluxes in the following
order: stemflow > throughfall > incipient
precipitation (Levia and Herwitz, 2000).
Hence, this paper focuses on
determination of total nutrient accretion to

the soil through three precipitation
pathways overtime at D. crassiflora
plantation.
Materials and Methods
Study Area

The study was conducted in the Humid
Forest Research  Station, Forestry

Research Institute of Nigeria (FRIN).
Okwuta-Ibeku, Umuahia located at
kilometres five (km 5) along the Umuahia
/ kot 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°14N of the equator
and on altitude of 122metres above sea
level (Source: Metrological Station,
National Root Crop Research Institute
(NRCRI) Umudike, Nigeria). Figure 1
shows the Map of Abia State, Nigeria and
the study site (Okwuta - Ibeku,
Umuahaia). The soil type is Ultisol which
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ranges from sandy loam to sandy clay-
loam (Source: Soil Division, NRCRI, and
Umudike). Umuahia has the following
mean annual climatic data: rainfall:
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temperatures: 32°C and 23°C respectively,
and relative humidity: 65 -80% (Source:
Metrological Station, NRCRI, Umudike,
Nigeria).

Fig. 1: Map of Nigeria, Abia State, and Umuahia North Local Government Area (LGA)

showing the Study Site at Okwuta-Ibeku
Source: Nsien et al. (2020)

Methods
Experimental Design

A 3 x 9 x 2 split- split plot experiment
in a randomised complete block design
(RCBD) with three replications/blocks
was used to study the nutrient cycling
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contents of three precipitation pathways
overtime at the D. crassiflora plantation in
2016 and 2017. The first, second and third
factors comprised three precipitation
pathways  (rainfall, throughfall and
stemflow), sampling periods of 9 months
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(March — November) and two study years
(2016 and 2017) respectively. Throughfall
was carried out in each of the 10m x 25m
blocks using nine plastic collectors each in
a 40cm diameter plastic funnel.

The plastic collectors were randomly
positioned under the canopies of D.
crassiflora plantation in each
block/replicate. Rainfall was sampled with
three plastic collectors, each 45cm above
the ground in an open field adjacent or
opposite to the plantation. Rainfall
collection method served as control for
rainfall outside the D. crassiflora
plantation. Stemflow was studied using a
hose of 2cm in diameter, attached to the
stem of the tree and connected to an
enclosed plastic collector. Nine plastic
collectors were used and randomly
positioned. Collection of stemflow
volumes took place every day that rainfall
occurred. At each collection, the water
was measured with a measuring cylinder.
The water collected per precipitation
pathways was stored in a deep freezer at
FRIN, Okwuta —Ibeku, Umuahia and was
later taken to the Soils Laboratory of the
National Root Crop Research Institute
(NRCRI), Umudike for chemical analysis.
Nutrients analysis of incipient precipitation,
throughfall and stemflow pathways
Hydrogen ion concentration (pH) and
Nitrogen (N)

The hydrogen ion concentration (pH)
was measured electronically on a direct
reading 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;
50ml water sample was pipetted into a
100ml clean beaker and the electrode was
dipped into the beaker. Nitrogen contents
in the various precipitation pathways were
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determined by the semi- micro distillation
method- the Kjedahl method (Jackson,
1962). One hundred (100ml) of water
sample was distilled with Markhan’s
distillation  apparatus.  Fifty (50ml)
distillate was collected over 10ml of 4%
H>BO3 using Ma-zua —zaga indicator. The
distillate was titrated with 0.02 NH2SO4.
Phosphorus (P) and Calcium (Ca)

Phosphorus was determined
spectrophotometrically (Sutherland,
1996). The ethylene diamine tetracetic
acid (EDTA) versonate complexometric
titration method (Allison, 1973) was used
to determine Ca contents in each
precipitation pathway.

Potassium (K) and Sodium (Na)

Potassium  and  sodium  were
determined by direct reading with the
flame emission photometer (Black, 1965).
Chlorine (Cl) and Iron (Fe)

This was determined titrimetrically
(Dewis and Freita, 1970). Ten (10ml)
water sample was pipeted into al50ml
conical flask. Three drops of potassium
chromate was added into the flask as an
indicator. The water sample was titrated
with 0.02N AgNOs to a reddish brown end
point. Iron (Fe) was analyzed using the
atomic  absorption  spectrophotometer
(AAS) with UNICAM 929
spectrophotometer equipment according
to the procedures of Alison (1973).
Magnessium (Mg) and Lead (Pb)

Magnessium was also determined
using the EDTA versonate compexometrc
titration method (Alison, 1973) in each
precipitation  pathway. Lead was
determined in water sample using the
method of AOAC (1990) and APHA
(1995). Fifty (50ml) of water samples of
Pb was individually placed in a 500ml
beaker. Each sample of Pb and Cd was
heated in a water bath at 100°C to
concentrate the sample to 40ml. S5ml,
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1.0ml HCI solution was then added to the
concentrated water and brought to 50ml
volumetric flask. The levels of Pb and Cd

were determined using the atomic
absorption spectrophotometer (AOAC,
1990, APHA, 1995).

Data Analysis

The data obtained from nutrient
cycling in precipitation pathways study
were statistically analyzed using the
Fisher’s Least Significant Different (F-
LSD) at p < 0.05 according to the

procedures of Steel and Torrie (1980) and
Alika (2006).

Results

Nitrogen (N) (mgl') contents and pH
values of three Precipitation pathways
over time (months: 9 March -

November) in Diospyros crassoflora
Plantation in 2016 and 2017

Table 1 shows no significant
differences existed between the N contents
of the study Months (March—-November),
Precipitation pathways (Rainfall,
Stemflow and Throughfall) and the
Months x  Precipitation  pathways
treatment interactions. Table 1 shows the
pH values of three Precipitation pathways
overtime (9 Months) in 2016 and 2017.
Table 1 show no significant differences
existed between the pH values of 2016 and
2017. Throughfall and Stemflow had
significantly the highest and least pH-
values. Summary of the pH values of the
Precipitation pathways were significantly
as: Throughfall (pH 5.45) > Rainfall (pH
5.28) > Stemflow (pH 4.94).

Table 1: Nitrogen (mg 1 ') contents and pH values of water of various precipitation pathways
over time (months: 9 March — November) in Diospyros crassoflora plantation

N content (mg 1) pH values
Precipitation pathways Mean Precipitation pathways Mean
Month Rainfall Stemflow Throughfall (Months) Rainfall Stemflow Throughfall (Months)
March 14.15 12.42 16.05 14.21 5.27 4.57 6.23 5.36
April 14.18 13.13 10.93 12.75 5.38 4.41 6.30 5.36
May 14.25 15.23 14.53 14.67 5.10 4.50 543 5.01
June 15.12 16.02 13.70 14.94 5.43 491 5.10 5.15
July 15.23 17.10 33.57 21.97 5.26 4.98 5.09 5.11
Aug 20.32 17.37 16.23 17.97 5.41 5.34 5.38 5.38
Sept 12.57 19.53 15.67 15.92 5.26 5.18 5.07 5.17
Oct 12.55 11.48 17.72 13.92 5.24 5.17 5.14 5.18
Nov 8.65 6.87 6.79 7.43 5.17 5.41 5.35 5.31
Mean 14.11 14.35 16.13 5.28 4.94 5.45
F—LSD o5y for N (mgl!) F —LSD 905y for P value

Month (M) NS 0.13
Precipitation pathways (P) NS 0.07
Month x Precipitation pathways (M x P) NS 0.22
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Phosphorus (P) and Calcium (Ca) (mgl')
contents of three Precipitation pathways
over time (months: 9 March — November)
in Diospyros crassoflora plantation in
2016 and 2017

Table 2 shows the P contents (mgl™!)
of precipitation pathways overtime (9
months). The P contents of the Months x
Precipitation =~ pathways  show  the
statistically similar P contents (each0.17
mgl™!) of Stemflow in June and Rainfall in
July had significantly the highest results.

Table 2: Phosphorus and Calcium (mgl™!) content

Throughfall in March (0.11mgl™") gave the
least (p <0.05) value. Table 2 summarizes
the Ca contents of water of various
precipitation  pathways in  March-
November in 2016 and 2017. Precipitation
pathways show that stemflow and rainfall
had significantly the highest and least Ca
contents. Summary of the Ca contents of
the  precipitation  pathways  were
significantly as follows: Stemflow
(70.95mgl ™) > Throughfall (68.35mgl!) >
Rainfall (65.12 mg1 ™).

s of water of various precipitation pathways

over time (months: 9 March — November) in Diospyros crassoflora plantation

P content (mgl™)

Ca content (mgl”)

Precipitation pathways Mean
Month Rainfall Stemflow Throughfall (Months)

Precipitation pathways Mean
Rainfall Stemflow Throughfall (Months)

March  0.12 0.13 0.11 0.12  63.30 65.23 62.75 63.76
April 0.12 0.13 0.12 0.12  63.15 68.88 66.10 66.04
May 0.14 0.15 0.14 0.14  63.17 73.67 69.55 68.79
June 0.15 0.17 0.16 0.16  65.25 75.60 71.62 70.82
July 0.17 0.16 0.16 0.16  67.25 80.72 68.00 71.98
Aug 0.15 0.16 0.16 0.16 67.10 76.95 73.10 72.38
Sept 0.15 0.15 0.15 0.15 68.00 76.70 72.47 72.39
Oct 0.15 0.14 0.13 0.14  66.07 60.90 70.32 65.76
Nov 0.14 0.13 0.12 0.13 62.83 59.87 61.27 61.32
Mean 0.14 0.15 0.14 65.12 70.95 68.35
F —LSD 905y for P (mgl™) F —LSD (905 for Ca (mgl™")

Month (M) 0.01 0.50

Precipitation pathways (P) 0.01 0.24

Month x Precipitation pathways (M x P) NS 0.76

Potassium (K) and Sodium (Na) (mgl')
contents of three Precipitation pathways
over time (months: 9 March — November)
in Diospyros crassoflora plantation in
2016 and 2017

Table 3 shows the K contents of the
three precipitation pathways in March-
November of the study years (2016 and
2017). Stemflow and throughfall had
significantly the highest and least K
contents. Table 3 shows the Na contents of

792

precipitation pathways over time (months)
at the study periods. Summary of the Na
contents of the study months are
significantly as follows: September >
August > June > May = April >July >
October March > November.
Precipitation pathways also reveal that
throughfall had significantly higher Na
contents than rainfall and stemflow which
had statistically similar Na Contents.
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Table 3: Potassium (K) and Sodium (Na) (mgl™!) contents of water of various precipitation
pathways over time (months: 9 March — November) in Diospyros crassoflora

plantation

K content (mgl”)

Na content (mgl™)

Precipitation pathways

Mean
Month Rainfall Stemflow Throughfall (Months)

Precipitation pathways Mean
Rainfall Stemflow Throughfall (Months)

March 10.15 9.44 7.93 9.17 124.17 116.00 125.50 121.89
April  10.18 10.36 8.62 9.72 124.67 134.17 126.17 128.33
May 10.18 12.17 8.42 10.26 125.50 127.00 133.33 128.61
June  10.53 11.47 10.32 10.68 129.83 128.67 136.67 131.72
July  10.56 12.01 11.83 11.47 129.00 126.33 126.50 127.28
Aug 10.56 11.76 12.07 11.46 130.17  130.00 141.83 134.00
Sept  10.78 11.90 10.43 11.04 132.50 141.50 137.00 137.00
Oct 10.94 11.88 10.75 11.19 124.33  121.33 121.50 122.39
Nov 1140 13.34 11.41 12.05 125.67 117.00 119.83 120.83
Mean 10.59 11.59 10.16 127.31  126.89 129.81
F —LSD (05 for K (mgl!) F —LSD 05y for Na (mgl!)

Month (M) 0.12 0.70

Precipitation pathways (P) 0.16 0.28

Month x Precipitation pathways (M x P) 041 1.56

Chlorine (Cl) (mgl') and Iron (Fe) (mgl
1) contents of three Precipitation
pathways over time (months: 9 March -
November) in Diospyros crassoflora
plantation in 2016 and 2017

Table 4 shows that no significant
existed between the Cl contents of the
Years of study (2016 and 2017), and also
between the various Precipitation
pathways. The table shows significant
differences existed between the treatment
interactions of Years x Precipitation
pathways. Statistically Cl contents of
Stemflow in 2016, Throughfall in 2016
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and Rainfall in 2017 were significantly
higher than the CI values of Rainfall in
2016, Stemflow in 2017 and
Throughfall2017. Table 4 shows Fe
contents of the precipitation pathways,
stemflow and throughfall had statistically
similar Fe contents that were significantly
higher than the Fe content of rainfall. The
Fe contents of stemflow and throughfall in
September, October and November had
significantly higher values than rainfall,
stemflow and throughfall in March-
August.
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Table 4: Chlorine (Cl) and Iron (Fe) (mgl!) contents of water of various precipitation pathways
over time (months: 9 March — November) in Diospyros crassoflora plantation
Cl content (mgl!) Fe content (mgl?)
Precipitation pathways Mean Precipitation pathways Mean
Month Rainfall Stemflow Throughfall (Months) Rainfall Stemflow Throughfall (Months)

March 257.17  245.00 247.33 249.83 17.17 19.27 17.13 17.87
April 256.33  264.67 255.17 258.72 17.13 18.08 17.88 17.70
May 255.33 271.17  261.17 262.56 17.23 17.07 18.33 17.54
June 260.17 258.17  254.17 257.50 17.45 17.13 16.93 17.17
July 259.33 273.00 262.00 264.78 17.52 17.13 19.17 17.94
Aug 263.17 268.83  253.67 261.89 17.45 17.30 17.32 17.36
Sept 257.83 260.00 270.67 262.83 18.68 19.03 19.45 17.06
Oct 256.00 252.00 266.17 258.06 19.28 20.67 20.63 20.19
Nov 255.67 248.00  268.33 257.33 19.72 21.88 0.52 20.71
Mean 257.89 260.09  259.85 17.96 18.62 18.59
F-LSD (0.05) for Cl (mg 1_1) F-LSD (0.05) for Fe (mg I'! )

Month (M) 2.85 0.21

Precipitation pathways (P) NS 0.22

Month x Precipitation pathways (M x P) 4.61 0.21

Magnessium (Mg) (mgl') and Lead (Pb)
(mgl') contents of three Precipitation
pathways over time (months: 9 March —
November) in Diospyros crassoflora
plantation in 2016 and 2017

Table 5 summarizes the Mg contents
of three precipitation pathways throughout
the study months of March—-November.
March had significantly the least Mg
content while the statistically Mg contents
of November, July, June, September,
August, October and May were higher
than the result of March. Precipitations
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shows stemflow had higher (p < 0.05) Mg
content than throughfall and rainfll. Table
5 also shows the Pb contents of three
Precipitation pathways over time (March—
November) in D. crassiflora plantation.
The Pb contents of each of the Months
(March—November), the three
Precipitation pathways (Rainfall,
Stemflow and Throughfall) and each of
the Months x Precipitation pathways were
also not significantly different from each
other.
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Table 5: Magnessium (Mg) and (Pb) (mg 1 ') contents of water of various precipitation
pathways over time (months: 9 March — November) in Diospyros crassoflora

plantation

Mg content (mgl™!) Pb content (mg 1)

Precipitation pathways Mean Precipitation pathways Mean
Month Rainfall Stemflow Throughfall (Months) Rainfall Stemflow Throughfall (Months)
March  153.33 157.33 133.50 148.06 0.00 0.02 0.01 0.01
April 151.67 154.83 154.00 153.50 0.00 0.01 0.01 0.01
May 151.17  161.67 157.00 156.61 0.00 0.01 0.01 0.01
June 159.50 161.00 162.00 160.83 0.00 0.01 0.01 0.01
July 158.00 165.00 160.33 161.11 0.00 0.01 0.01 0.01
Aug 159.17  158.33 160.00 159.17 0.00 0.01 0.01 0.01
Sept 161.50  155.50 160.67 159.22 0.01 0.02 0.01 0.01
Oct 161.00 159.17 154.83 158.33 0.01 0.02 0.01 0.02
Nov 166.33 164.33 153.17 161.28 0.01 0.02 0.01 0.02
Mean 157.96 159.69 155.06 0.01 0.02 0.01
- F —LSD 905y for Mg (mgl'!") F —LSD (905) for Pb(mgl!)
Month (M) 5.63 NS
Precipitation pathways (P) 3.42 NS
Month x Precipitation pathways (M x P) 9.97 NS
Discussion Nutrient concentrations on

The rain that falls on forests is
partitioned into incipient, throughfall, and
stemflow precipitation pathways
(Pallardy, 2008). Obviously, stemflow
pathways in 2016 and 2017 had the
highest nutrient concentration of the
following mineral elements: calcium (Ca),
potassium (K), magnesium (Mg), chlorine
(Cl), iron (Fe), lead (Pb) and phosphorus
(P). Throughfall had higher nutrient
concentration of Sodium (Na), pH-value
and Nitrogen than stemflow and rainfall
(control). This trend agrees with the
findings of Koyejo et al. (2020) and Tan et
al. (2018) who noted higher macro and
micro-nutrient concentrations of stemflow
in E. cylindricum (Onne-Nigeria) and
Subalpine spruce (United Kingdom)
plantations than throughfall and rainfall.
Tobon et al. (2004) also noted that the
return of nutrients to the forest floor by
stemflow is important because it deposits
a relatively concentrated solution of
nutrients at the base of the stem.
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precipitation pathways between 2016 and
2017 in D. crassiflora plantation were
closely related to the age of the plant
species and environmental factors of the
site. This feature could influence the
seasonal changes of nutrient
concentrations in litter and their potential
retranslocation capacity. Wiseman and
Seiler (2004) stated that forest age has a
significantly positive influence on soil
respiration in Pinus taeda plantations. The
mineral nutrients obtained through
throughfall and stemflow in D. crassiflora
in 2016 and 2017 are in soluble forms. A
longer canopy residence time for stemflow
water and greater leachability of bark
tissue  contribute to a chemical
concentration gradient of water fluxes in
the following order: stemflow >
throughfall > incipient precipitation
(Levia and Herwitz, 2000). As the tree
canopy partitions rainfall into stemflow,
the intercepted water washes off nutrients
that were deposited in the canopy by dry
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atmospheric  deposition or  animal
droppings. Dry and wet canopy
interception via throughfall and stemflow
play a significant role in the water cycle
and nutrient cycle processes in forest
ecosystems (Johnson and Lehmann,
2006). All throughfall and stemflow
nutrients are in solution and are
immediately available for absorption by
roots (Pallardy, 2008).

The stemflow is water that travels
down the surface of stems and the trunk of
a tree in any natural or artificial
ecosystem. Rain that passes through tree
crowns (throughfall) and water moving
down the stem (stemflow) carry combined
nutrients that originate outside the system
(example, dry deposition between storms)
together with nutrients from plants, such
as: leachates, exudates, and
decomposition products (Pallardy, 2008).
The amount of mineral nutrients that
reaches the forest floor exceeds the
amount received in incipient precipitation.
The lower macro-nutrients and micro-
nutrient concentrations recorded in the D.
crassiflora during the study periods (2016
and 2017) of leaf dry weight could be
attributed to canopy size and the age of the
D. crassiflora to intercept the rainfall.
This feature agrees with the reports of
Nzegbule and Mbakwe (2001) on Treculia
africana, Nzegbule (2018) and Ogbonna,
et al. (2010). The distribution of storage
also changes with stand development
because the surface areas of branches
(living and dead) and stems increase with
stand age up to a point and then later
decrease (Waring and Running, 2007).

Conclusion
The study revealed that acidity
(average pH-5.20) of precipitation

indicates weak acid and others mineral
element contents of water in throughfall
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and stemflow can increase due to canopy
interaction. The study further revealed that
precipitations in form of incident
precipitation/rainfall,  stemflow  and
throughfall contained ten (10) nutrient
elements including a heavy metal at very
negligible value (Nitrogen, Phosphorus,
Potassium, Calcium, Magnesium,
Sodium, Chlorine, Iron, Lead and pH).
With the presence of primary and
secondary macro elements in precipitation
pathways in D. crassiflora it will help in
improving the nutrient status of the soil in
plantations and agroforestry systems and
at the same time enhance nutrients
recycling.
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