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Abstract

Though teak (Tectona grandis) plantations have been found in some cases to bring better soil conditions, other studies have
found soil deterioration in teak plantations. The current study was therefore conducted to assess the impact of teak (Tectona
grandis) plantation on some soil nutrients in four plantations of age, 7, 9, 12 and 17years in Ghana at Bedomase, Asamang,
Ejura and Nsuta, respectively. Soil samples were randomly picked (0 -15cm) from the teak plantations and their adjacent
natural vegetations; organic matter, total nitrogen, total phosphorus, available phosphorus, total potassium, exchangeable
potassium, pH and electrical conductivity were determined using standard laboratory methods. Soil organic matter, total
nitrogen, total and available phosphorus, total and exchangeable potassium, and electrical conductivity were higher in the 7
year old teak plantation than in the adjacent natural vegetation. With the exception of total phosphorus, total potassium and
available phosphorus, all in the 12 year old plantation where the values were marginally higher in the teak plantation soil
than its adjacent natural vegetation, all the other soil chemical properties were significantly higher in value in the natural
vegetation than its adjacent 9, 12 and 17 year old teak plantations. The observed trend was assigned to the lower canopy
closure, higher undercover vegetation and litter contribution in the 7 year old teak plantation which might have led to higher
values in the assessed parameters than its adjacent natural vegetation in contrast to the older teak plantations (9, 12 and 17
year old teak plantations). Soil pH values between the teak plantations and their adjacent natural vegetations were not
significant. The observed significant differences in soil nutrient values among teak plantations and among the natural
vegetations could be attributed to differences in factors such as microclimate, soil biological community, litter quality,
topography and nutrient status across the study areas. Generally the older teak plantations recorded lower values of soil
nutrients than their adjacent natural vegetations as compared to the younger teak plantation. The current study has added to
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the observation that soil nutrients become deteriorated with age under teak plantations.
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Introduction

It is estimated that the global rainforest cover has decreased
from 1,500 million hectares to less than 800 million hectares in
the last 200 years, and just in the past 50 years, one third of
tropical rainforests have been destroyed'. In this past 50 years
much of the rainforests in Africa of which Ghana is part is being
destroyed at double the rate of all previous estimates”. In Ghana
the high rate of forest destruction has been attributed to factors
such as wildfires, landownership systems, settlement
development, shifting cultivation, illegal logging, mining and
livestock grazing®.

The importance of forest cannot be over emphasised, it is a
pillar for man’s survival in all aspects of life, socially,
economically and environmentally. Forest destruction has
therefore serious consequences on the environment, such as,
decline in biological diversity leading to probable extinction of
some plants and animals, alteration in climatic patterns,
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problems in water supply, soil erosion and deterioration in soil
structure which may result in soil nutrients loss.

Governments, institutions and other bodies globally have seen
the necessity to protect and conserve existing forests and restore
degraded and deforested lands for the survival of man on earth.

Ghana’s Forest and Wildlife Policy of 1994 encouraged
economic tree planting®, and this has led many to show interests
in tree plantation development, especially teak (Tectona grandis
Linn F) both as an investment potential and natural resource
conservation. However, teak plantation establishment in Ghana
started in the 1960s and has led to the establishment of large
plantation areas both in-and off-forest reserves by government
and private sectors’. Now farmers cultivate teak as part of their
farming system.

Tree plantations have the potency to protect and restore
degraded soils and their hydrological functions in the water
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cycle®’. Trees have nutrient enrichment effect on soils®. Studies
have indicated that tree plantations can reverse land degradation
processes by stabilizing soils through development of extensive
root systems, increasing soil organic matter through
enhancement of aboveground litter production, moderation of
soil pH and improvement of soil nutrient status’.

Though teak plantations have been found in some cases to bring
better soil conditionsm'lz, other studies have found soil
13-15

deterioration in teak plantations

Considering the variations of results from soil characteristics
studies under teak plantations and the possibility of farmers
reusing lands in teak plantations for faming after harvest, further
studies of soil characteristics under teak plantations are
imperative. The current study was therefore aimed at assessing
the impact of teak plantation on soil chemical properties of four
teak plantations in Ghana.

Materials and methods

Study areas: The study was conducted between July, 2015 and
October, 2015. The study areas comprised of four teak
plantations located in Nsuta (Sekyere Central District -
Longitudes 0°05’W and 1°30°W and Latitudes 6°55’N and
7° 30’N), Ejura (Ejura/Sekyedumase Municipality - Longitudes
1°5”W and 1°39”W and Latitudes 7°9”N and 7°36”N),
Asamang and Bedomase (Sekyere South District - Longitude 1°
40’W and 1°25’W and Latitude 6°50’N and 7°10’N).

The plantations were 7, 9, 12 and 17years old for Bedomase,
Asamang, Ejura and Nsuta areas respectively. Teak trees were
regularly planted with an average planting distance of 3 x 3m.
The plantations ranged between one to two hectares in size.

Soil sampling and analysis: Soil samples were randomly
picked (0 -15cm) from the teak plantations and their adjacent
natural vegetations with soil augur. Within each site ten samples
were sampled. Out of the soil samples that were collected from
each site, two sets of samples were mixed together to create five
composite samples which served as replications. Soil samples
were air dried and passed through a 2 mm sieve prior to soil
analysis.

Standard laboratory methods were used to determine soil
chemical properties. Organic matter were determined by the
Walkley and Black'® wet oxidation method, total nitrogen and
total phosphorus were assessed through the methods described
by Anderson and Ingram'’, total K and exchangeable K were
determined by the method described by IITA'™ and available
phosphorus determined through the Bray method". Soil pH was
measured in 1:2.5 soil-water suspensions with glass electrode
pH meter. Electrical conductivity (EC) was measured by an
electrical conductivity meter.

The data were subjected to analysis of variance (ANOVA) and
the Least Significant Difference Test (P<0.05) for the separation
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of means using the GenStat (11" Edition) statistical software

package.

Results and discussion

Soil organic matter (SOM) changes between teak plantation and
adjacent natural vegetation in the four locations are shown in
Figure-1. With the exception of the Bedomase study area with
younger teak age (7 year old teak) the SOM was found to be
higher in the adjacent natural vegetation (N) than its
corresponding value under the teak plantation (T) for the Nsuta,
Ejura and Asamang study areas. The differences in SOM value
were significant at the Nsuta and the Bedomase areas. Among
the teak plantations the highest SOM was recorded at the Nsuta
area with older teak age (17 year old teak). Comparing the
SOM values under the natural vegetations among the study
areas, SOM value was found to increase with increasing age of
the teak plantation.

The percentage total soil nitrogen was found to be higher though
not significant in the natural vegetation cover than its
corresponding teak plantation at Nsuta, Ejura and Asamang
study areas (Figure-2). The value at the Bedomase area was
rather significantly higher in the teak plantation soil than the
natural vegetation. The changing pattern of the percentage total
soil nitrogen seemed to be a reflection of the percentage SOM
(Figure-1).

The total soil phosphorus was higher in the teak plantation than
its adjacent natural vegetation at Ejura and Bedomase study
areas but was at the other way round at Nsuta and Asamang
study areas (Figure 3). Variations in total soil phosphorus
values were noted between study areas. Among the teak
plantations the Bedomase study area recorded the highest total
phosphorus value which was significantly the same as the value
from the Nsuta teak plantation; the 9 year old teak plantation at
Asamang recorded the lowest value. The highest total
phosphorus recorded among the natural vegetations was from
the Nsuta study area and the lowest value was recorded at the
Ejura study area.

Figure-4 indicates the soil available phosphorus measured in the
study areas. At the Ejura and Bedomase study areas the soil
available phosphorus was higher in the teak plantation than the
corresponding natural vegetation, but was higher in the natural
vegetation than the teak plantation at the Nsuta and Asamang
study areas. The 7 year old teak plantation at Bedomase
recorded the highest soil available phosphorus value among the
teak plantations but the value was not significantly different
from the others. Among the natural vegetations the Nsuta study
area recorded significantly the highest soil available phosphorus
value with the Bedomase study area registering the lowest
value.

Similar to the pattern of soil total phosphorus changes (Figure-
3), the total soil potassium was higher in the teak plantation
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than its adjacent natural vegetation at Ejura and Bedomase
study areas but at Nsuta and Asamang study areas the potassium
was higher in the natural vegetation than the teak plantation
(Figure-5). Comparing the soil total potassium values among
the teak plantations, the 12 year old plantation at Ejura recorded
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significantly the highest value while the Asamang teak
plantation registered significantly the lowest value. Among the
natural vegetations the soil total potassium values increased
with increasing corresponding age of teak plantation.
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Figure-1: Soil organic matter under teak plantation (T) and natural vegetation(N) in four locations
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Figure-2: Soil total nitrogen under teak plantation (T) and natural vegetation (N) in four locations.
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Figure-3: Soil total P under teak plantation (T) and natural vegetation (N) in four locations.
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Figure-4: Soil available P under teak plantation (T) and natural vegetation (N) in four locations.
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The soil exchangeable potassium assessed in the study areas is
presented in Figure-6. With the exception of the Bedomase
study area with younger teak age (7 year old teak) the soil
exchangeable potassium was found to be higher in the adjacent
natural vegetation (N) than its corresponding value under the
teak plantation (T) for the Nsuta, Ejura and Asamang study
areas. The 17 year old teak plantation at Nsuta recorded
significantly the highest value for soil exchangeable potassium
among the plantations with the 9 year old plantation from
Asamang recording the lowest. Among the natural vegetations
the Nsuta study area recorded significantly the highest soil

Res. J. Recent Sci.

exchangeable potassium value with the Bedomase study area
recording the lowest value.

With the exception of the Bedomase study area, soils in the
natural vegetations recorded higher electrical conductivity (Ec)
than their adjacent teak plantations (Figure-7). The Bedomase
teak plantation recorded significantly the highest value for the
Ec among the teak plantations with the lowest value coming
from the Ejura area, which was found to be similar to the value
obtained from the Asamang area. Among the natural vegetations
the Nsuta study area recoded significantly the highest Ec value
with the Ejura study area registering the lowest value.
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Figure-5: Soil total potassium under teak plantation (T) and natural vegetation (N) in four locations.
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Figure-6: Soil exchangeable K from soils under teak plantation (T) and natural vegetation (N) in four locations.
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Figure-7: Soil electrical conductivity (Ec) under teak plantation (T) and natural vegetation (N) in four locations.
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Figure-8: Soil pH under teak plantation (T) and natural vegetation (N) in four locations.

No significant differences were found in the soil pH values
between the teak plantations and their adjacent natural
vegetations (Figure-8).

Discussion: Soil organic matter, total nitrogen, total
phosphorus,  available  phosphorus, total  potassium,
exchangeable potassium and electrical conductivity were higher
in the 7 year old teak plantation than in the adjacent natural
vegetation. However, with the exception of total phosphorus,
total potassium and available phosphorus, all at Ejura where the
values were higher in the teak plantation soil than its adjacent
natural vegetation (the values were statistically not different), all
the other soil chemical properties were higher in value in the
natural vegetation than in the teak plantation (9, 12 and 17 year
old teak plantations). Such decline in soil nutrients under the
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teak plantations has been observed in recent studies. Samndi and
Jibrin® found available P and Total Exchangeable Bases (TEB)
to decrease linearly with aging teak plantations. In comparative
studies of soil nutrients in plantations and with the nutrients in
the natural forest in Nigeria, Adekunle e al.*' found an adverse
impact of the plantations on soil nutrient status. Organic carbon,
total carbon, total nitrogen and soil organic matter have been
found to be lower in a teak plantation than in an undisturbed
primary forest’>. Decline in soil chemical properties under teak
plantations have also been observed by Healey and Gara'* and
Boley ez al."” in previous studies.

In other tree plantation studies, Goma-Tchimbakala et al®in a
comparative study of soil chemical properties in four Terminalia
superba plantations (7, 12, 32 and 48 year old plantations) and a

10
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natural tropical forest found the properties to initially increase
in the 7 year old plantation followed by a general decrease with
plantation age. Karam er al®* evaluating the differences
between soils under natural and planted forests on their physico-
chemical and clay mineralogical composition found the total
carbon, organic matter, acidity, exchangeable bases and ECEC
to be lower in the planted forests. Ekukinam er al® also
observed the levels of exchangeable Ca, Mg and K in rubber
plantation soils to decline with the age of rubber tree. The
higher levels of the soil chemical parameters in the natural
vegetation covers than their adjacent teak plantations (9, 12 and
17 year old teak plantations) may be attributed to higher litter
contribution from the undercover vegetation and less leaching
losses' ™. The 7 year old teak plantation with less canopy
closure might have higher undercover vegetation and litter
contribution than the natural vegetation cover and hence the
observed trend.

Generally, single species tree plantations have been found to
immobilize soil nutrients faster and return less nutrients to the
soil than their native vegetation, and thus leading to soil
nutrients depletion”’.

On the other hand, however, some studies have found soil
chemical properties to increase under teak plantations. Choubey
et al.'® found Organic C, and N, P and K to be higher under
teak plantations than under the adjoining forest, because of
better management of the plantations. Imoro e al.'? revealed
that the mean levels of N, O-C and P under the T. grandis
plantation were higher than its control plot. Chamshama er al.*®
observed a mixture of results, they found a general decrease in
soil total N in young teak plantations and an increase in the
semi-mature plantations, but available P decreased in both
young and semi-mature stands.

As observed by Chamshama et al.*® the soil pH from the teak
plantations were not significantly different from their adjacent
natural vegetations, probably the nutrient changes observed
were not significant enough to cause significant changes in the
pH.

Differences in soil chemical properties among teak plantations
and among the natural vegetation covers may be due to some
factors such as, the differences in microclimate, soil biological
community, litter quality, topography and nutrient status across
the study areas®.

Conclusion

In general the older teak plantations (9, 12 and 17 year old teak
plantations) recorded lower values of soil chemical properties
than their adjacent natural vegetations while the younger teak
plantation (7 year old plantation) had the opposite result. This
trend may be due to the low canopy closure, high undercover
vegetation and litter contribution in the 7 year old teak
plantation which might led to higher values of the soil’s
chemical properties than its adjacent natural vegetation cover in
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contrast to the older teak plantations. The soil pH, however, did
not change significantly between the plantations and their
adjacent natural vegetations. Differences in microclimate, soil
biological community, litter quality, topography and nutrient
status may explain the differences in results of soil nutrient
values among plantations and among the natural vegetations
across the study areas.
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