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ABSTRACT

In the tropics, the continuous destruction of the forest mostly for food crop cultivation
accompanied with high rainfall in the region has resulted in the rapid loss of soil nutrient,
thereby making most soil infertile. The need to restore and conserve soil fertility for
agricultural productivity has led to the planting of forest trees/plantation with the sole aim
of improving the nutrient balance of soil by reducing unproductive nutrient losses from
erosion and leaching. The study examined the trend of organic matter and total nitrogen
in rubber plantation plots of 7, 16, 39 and 41 years. The grid system of sampling was
employed to collect soil samples from five quadrats of 10m x 10m in each of the
plantation plots. Result showed that pH of the soils decreased with the age of plantation,
while the content of organic matter (OM) and total nitrogen (TN) increased with the age
of trees probably as a result of the increase in vegetation cover and tree size. This is so,
as mature rubber trees have a large biomass which not only affords the ground adequate
cover, but also acts as a huge reservoir of nutrients, thereby preventing them from being
leached away from the plantation. The study revealed that rubber trees had no adverse
effect on the depletion of OM and TN status in the soil. However, for sustainable rubber
production, mature rubber trees in plantation plots should be properly managed through
routine treatment, as well as selectively replaced with new ones.

Keywords: Rubber Plantation, Organic Matter, Total Nitrogen, Age of Plantation, Tree
Size, Vegetation Cover, Biomass

INTRODUCTION

Rubber tree (Hevea brasiliensis Muel. Argo.) is one of the major forest trees grown in the
rainforest belt of Nigeria. Rubber plantation like any other forest tree has a lot of
ecological and edaphic effects on the soil and the atmosphere. Forest trees are known
(Ogunkule and Awotoye 2011; Attoe and Amalu 2005; Shukla 2009) to bring about
changes in edaphic, micro-climatic, flora, fauna and other components of the eco-system
through bio-recycling of mineral elements, environmental modifications (including thermal
and moisture regime) and changes in flora and fauna composition among others. Trees
can improve the nutrient balance of soil by reducing unproductive nutrient losses from
erosion and leaching and by increasing nutrient inputs through nitrogen fixation and
increase biological activities by providing biomass and suitable microclimate (Ogunkunle
and Awotoye, 2011). Indeed, forest tree plantations on arable lands have been shown to
be an effective way to enhance carbon sequestration (Zhang et al. 2007; Johnsen et al.
2001; Zilberman and Sunding 2001). Forest soils are one of the major sequesters of
carbon on earth due to their high organic matter status (Dixon et al. 1994). Carbon
sequestration is thus the removal of CO, from atmosphere (source) into green plants
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(sink) where it can be stored indefinitely (Lal 2005). However, nitrogen (N) and organic
carbon (OC) are the most complex and crucial of the macro elements essential for plant’s
life, and they play crucial roles in nutrient cycling, water, root growth, plant productivity,
and environmental quality (Yang et al. 2004; Sainju 2002). The proportions of OC and N
in the soil are good indicators of soil quality and productivity due to their favourable
effects on plants. Organic carbon influences many soil characteristics including colour,
nutrient holding capacity (cation and anion exchange capacity), nutrient turnover and
stability, which in turn influence water relations and aeration (Reddy et al. 2005; Meena et
al. 2007).

Soils with high clay content, the contribution to cation exchange from the organic fraction
is generally small compared to that from clay colloids. However, in sandier soils, the
relative contribution of the organic fraction is higher because there are less clay colloids,
even though the amount of organic carbon present may be similar or less to that in clays.
By providing a food source for micro-organisms, organic matter can help improve soil
stability by binding soil particles together into aggregates or ‘peds’ (Pluske et al. 2005).
Nitrogen (N) is the macronutrient often limiting the growth of plants on soil (Michopoulos
et al. 2008). Soil total nitrogen (TN) has long been identified as a factor that is important
to soil fertility in both managed and natural ecosystems (Kucharik et al. 2001). The
concentration and availability of N in the soil directly influences plant productivity.
Numerous field studies have shown that crop management practices can either enhanced
or diminish quantities of soil OC and soil TN together (Bauer and Black 1981; Potter et al.
1998; Knops and Tilman 2000). Nevertheless, previous studies by many authors (Aweto
2001 and Cheng et al. 2007) reveal that with increase in age of plantation plots, soil
nutrients are depleted, thus, plantation age becomes a factor in determining soil nutrient
balance and fertility status.

The importance of OC and TN to the fertility of tropical soils is well recognized (Greenland
and Nye 1959; Greenland and Nye 1960; Aweto 1981; Uhl et al. 1981; Greenland 1997;
Lal 2005; Yasi et al. 2010). The contributory effects of forest trees on soil nutrient cycling
has also been reckoned in the past by scholars; as studies abound on comparing the pool
of soil organic carbon between mature plantations and native forest or immature
plantations (Ogundele et al. 2011; Araujo et al. 2005; Duah-Yentumi et al. 1998; Wang
and Li 2003; Yang et al. 2005). In addition, varying studies have been carried out to
assess the nutritional status of soils under rubber plantation of different ages (Yasin et al.
2010; Dharmakeerthi et al. 2005; Attoe and Amalu 2005; Zhang et al. 2007), but the
trend of increase in OC and TN as essential soil nutrients in the soil at varying ages of
rubber plantation has been little investigated. The knowledge on OC and TN trends in soils
of rubber plantation enables sound management practices to be carried out to increase its
productivity as an economic base as well as help to improve soil nutrient for sustainable
rubber production. This study therefore examines the trend of OC and TN in rubber
plantation soils of different ages.
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REVIEW OF RELATED LITERATURE ON FOREST TREES/PLANTATION

In the tropics, plantation agriculture featuring the production of forest trees in
monocultures and large commercial estates has gained widespread acceptance and has
consequently become an important feature of the agricultural economy of tropical Africa
(Aweto and Enarube 2010). The plantation system of agriculture is assuming increasing
popularity, particularly in tropical countries such as Malaysia, Indonesia, Cote d’Ivoire,
Nigeria and many other parts of the world. Plantation forestry is therefore becoming a
necessity in view of the fact that there is an increased demand for wood products and
environmental conservation (soil fertility management). The development of a forest
plantation like any other form of land use, leads to changes in ecosystem characteristics
and element fluxes (Samndi et al. 2006; Oyebande et al. 2010). However, several studies
have been carried out to understand the importance of forest trees (plantation) on soil
conservation. For example, Yasin et al. (2010) studied changes of soil properties on
various ages of rubber trees in Dhamasraya, West Sumatra, Indonesia. The result
indicated that the age of rubber tree strongly affected the physical and chemical
properties of soil. Organic carbon and total nitrogen contents decreased from 3.02%,
2.66%, 1.96%, in the forest plot, crab grass plot and 1 yr plantation plot, and then
increased to 2.33% and 2.49% in the 10 yrs and 15 yrs plantation plots respectively.
Similar pattern was also found for selected chemical properties of soil. Soil pH, available
phosphorous, exchangeable base cations, cation exchange capacity and base saturation
decreased from the 1% to 10th years old plantation plots and then increased close the
natural condition (reflected by forest soil) at 20 years old rubber tree.

Aweto and Ishola (1993) studied the impact of Cashew (Anacardium occidentale) on
forest Soil. The impact of a 20-year-old cashew plantation on a forest soil was evaluated
by comparing the properties of soil under cashew with that under an adjoining logged rain
forest. The levels of organic carbon, nitrogen, exchangeable calcium and magnesium, and
available phosphorus were similar under logged forest and cashew, suggesting that
organic matter and nutrient cycles in a cashew plantation are similar to those in a logged
rain forest and that cashew has no significant adverse effect on soil organic matter and
nutrient status. Geetha and Balagopalan (2009) studied soil fertility variations within a
rotation period in teak plantations in Kerala. Result showed that organic carbon in teak
plantations varied from 0.9 to 2.3%. The mean values of nitrogen varied from 0.21 to
0.27%. In all, organic carbon and nitrogen were significantly lower than that in the
natural forest. Soils of both teak plantations and natural forest were poor in exchangeable
phosphorus. The fertility index values were observed to first decrease and then increase
with age of plantations. Zhang et al. (2007) examined chemical degradation of a ferralsol
(Oxisol) under intensive rubber (Hevea brasiliensis) farming in tropical China. Result
implied that rubber cultivation resulted in significant decline of soil organic C and microbial
biomass C. Available P was extremely low for all soils, resulting from the naturally low P
content and the high sorption capacity of highly weathered ferralsol. Furthermore, soil pH
decreased by about 0.5 units, accompanied by an increase of exchangeable Al by more
than one-fold. In order to maintain tropical soil quality, farming practices such as liming
and organic amendment were recommended to be best management practices of rubber
farm.
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Ogunkunle and Awotoye (2011) examined soil fertility status under different tree cropping
system in a southwestern zone of Nigeria. They contended that tree cropping has been
known to bring about changes in edaphic component among other components of the
ecosystem through their interactions with the soil and soil faunas. Results showed that the
synergistic interaction of leaves decomposition of cocoa and kola improved the organic
matter content of the soil under the cocoa/kola site. Considerable improvement in soil
fertility was enjoyed in the cocoa/kola site due to the large girth sizes and basal area of
trees present in the cocoa/kola site, while soil under the sole cropping of teak was
impoverished. The degradation effect was due to the high rate of nutrient uptake of the
teak. Hence, organic matter content was high in the forest site (9.12%) and cocoa/kola
site (7.34) while the least was in the teak site (3.04%). From the review, it is evident that
forest trees exert significant impact on the buildup of nutrient in the soil, depending
mostly on the tree species as well as management practice adopted. Soil nutrient on the
one hand increases with age of plantation, and on the other decrease showing inverse
relationship. However, irrespective of the trend in nutrient accretion in plantation farms,
what matters most is indeed, the type of site management technique adopted by the
farmer and land manager to ensure the continuous nutrient fluxes as well as improve the
nutrient balance of soil by reducing unproductive nutrient losses from erosion and
leaching.

MATERIALS AND METHODS

Study Area

The study was carried out in PAMOL (Nigeria) Limited Rubber Estate in Calabar Cross
River State between the 7™ and 9™ of February, 2010. Pamol (Nigeria) Limited, is located
in Odukpani L.G.A of Cross River State, Nigeria. It lies between latitudes 05° 00’ and 05°
12’ north and longitudes 08° 15’ and 08° 28’ east (Ekukinam, 2010) (Fig. 1). The area has
annual rainfall values of 2000 — 3000mm. The mean annual rainfall is 21° and 30 °C, while
relative humidity ranges from 75 — 80%. The soils are derived from parent materials
namely sandstone and shale, the soil is loamy sand has weak medium crumb structure,
moist friable (wet) non-sticky plastic consistence, many fine to medium fibrous woody
roots and many interstitial pores (Attoe and Amalu 2005). It is vulnerable to active sheet
erosion with the removal of vegetation cover. Predominant vegetation in the area is the
tropical rainforest subdivided into the dry land rainforest and the fresh water swamp
(moist) rainforest. Trees found in the area include Elaesis guinensis ,Funtumia elastica,
Pentaclethra macrophylla, Hevea brasillensis, Anthocleista vogeli, among others
(Ekukinam, 2010).
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Fig 1: Odukpani L.G.A. showing Study Area

Soil Sampling

Soils were sampled under rubber plantations of 7, 16, 39 and 41 years. The plantation
plots are located within the same environment less than 10m apart; as such, they have
similar soil parent materials, topography and climate. In each of the rubber plantation
plot, five plots of 10m x 10m were established using the grid system of sampling. In each
plot, 5 surface (0-10 cm) soil samples were randomly collected with a soil auger and then
composited. The soils were put in polythene bags with labels; they were thereafter air-
dried and taken to the laboratory for analysis of soil physical and chemical properties.
Particle size composition was determined using the hydrometer method (Bouyoucos
1926); organic carbon by the Walkley-Black method (1934) after which values obtained
were multiplied by 1.724 (Aweto 1981) to convert to organic matter; total nitrogen by the
Kjeldahl method (Bremner and Mulvaney 1982); available phosphorus was determined by
the method of Bray and Kurtz (1945). The soils were leached with 1M neutral ammonium
acetate to obtain leachates used to determine exchangeable bases and soil cation
exchange capacity, while pH values were determined using a glass electrode testronic
digital pH meter with a soil: water ratio of 1:2. In addition, the obtained soil data were
analyzed using One-Way ANOVA to determine if significant changes in soil properties
existed among the rubber plots of different ages.
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RESULT AND DISCUSSION

Physical Properties of Soils

The particle size composition of soil in the rubber plantation is shown in fig 1 — 3. The
soils are principally sandy with sand constituting more than 85% of the inorganic mineral
fragment in the soil (fig 1). There is no significant variation in the proportion of sand
across the plantations. The sandy nature of soil in the plantation indicates that the soils
are prone to excessive leaching and loss of nutrient due to their loose texture. Also, the
soils cannot provide sufficient mechanical supports for the trees (Attoe and Amalu 2005);
this is probably responsible for the tilting of trees in the plantation. The amount of silt in
the soil is relatively higher in the 16 years old rubber plot, but low in the 7 years old
rubber plot (fig 2). This implies that silt content in the rubber plantation reduces with the
age of trees; despite the downward trend in the proportion of silt, there is however no
significant variation in the concentration of silt across the rubber plots. There is a steady
increase in clay content between the 7, 16 and 41 years old rubber plots, but a decrease
in the 39 years old plot (fig 3). The content of clay in the soil does not vary among the
plantations. The particle size composition of soils in the plantations is texturally similar,
being loamy-sand and having been derived from the same parent material (granite) under
the same climate and topography. In addition, the sandy nature of soils (poor physical
conditions) in the rubber plantation plots is attributed to the high rainfall which results in
weathering of parent materials (Attoe and Amalu 2005).
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Chemical properties of soils

The chemical properties of soils across the plantation are depicted in table 1. The soils of
the area are acidic with a pH range of 4.06 to 4.44. The acidic nature of soil may be
attributed to the high rainfall, which is sufficient to leach basic cations especially calcium
from the surface horizons of the soils (Paudel and Sah 2003; Foth 2006). Nevertheless,
the pH value of the soil in the rubber plots falls within the critical range of 4.3 to 4.6
recommended by Chan et al. (1975) as desirable limits for the optimal growth and
performance of rubber in tropical soils. Rubber trees according to Attoe and Amalu (2005)
have been reported to thrive in acidic soils. The content of pH however varied significantly
among soils of the rubber plantation plots (p<0.05) (table 1). In addition, the content of
cation exchange capacity (CEC) in the rubber plantation plots increased steadily in the 7
and 16 years old rubber trees with mean values of 3.78 and 4.96cmol/kg™ respectively. It
thereafter decreased and increased considerably. The proportion of CEC did not vary
among the rubber plantation soils (p>0.05).

The increase in CEC in the 16 years old rubber plot is probably because at this time, the
number of leguminous plants had increased which decomposed to add nutrient in the soil.
Information in table 1 also shows that the content of organic matter (OM) in the soils
increased with the age of plantation, invariably age of trees. The content of OM was low
in the 16 years old rubber plot with mean value of 0.25%, but, increased steadily from the
39 to the 41 years old rubber plots with mean values ranging from 1.99 to 3.24%,
probably due to the increased rate of nutrients returned to the soil through the fall and
subsequent decomposition of litter. The low OM content in the 7 and 16 years old rubber
plots is attributed to the insufficient cover which is unable to reduce the direct impact of
raindrops as well as suppress runoff which results in the loss of nutrient (table 1).
However, the content of OM varied significantly among soils of the rubber plots (p<0.05).
The trend of total nitrogen (TN) in the soil also shows a rapid increase occurred between
the 39 and 41 years old plots when there were increases in cover, tree size and the
number of legumes (Aweto 1981). Indeed, the content of OM and TN increased with the
ages of trees probably as a result of the increase in vegetation cover and tree size. The
increase in vegetation cover and tree size implies that raindrop intensity is reduced, loss
of soil nutrient through runoff is minimized and more litter is produced which in situ
decomposes to form nutrient. The accumulation of OM and TN in the soils is not unique to
this study alone, as the soil under tree canopies in the forest is acknowledged to enhance
organic matter and nutrient levels compared to soil outside their influence (Greenland and
Nye 1960; Aweto and Dikinya 2003). Despite the increase in TN with the age of trees, the
content of TN did not vary among soils of the rubber plots (p>0.05) (table 1). In addition,
the increase in OC and TN in the old plantation plots is because, mature rubber trees have
large biomass which not only affords the ground adequate cover, but also acts as a huge
reservoir of nutrients, thereby preventing them from being leached away from the
plantation. Also, due to the dense cover of the mature rubber trees, nutrient loss from the
soil under the tree through leaching is minimal (Iwara 2008).

According to Aweto (1989), litter fall and decomposition is the main means of recycling
nutrients back to the soil in the tropical ecosystem; as nutrient cycling in a mature tree is
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“closed” so as the loss of nutrients from the soil is minimal over time. Although, the acidic
nature of soil in the rubber plots of varying ages showed an inverse relationship with age,
but the proportion of OM and TN revealed a direct relationship, as its content increased
with the age of plantation (trees). However, the increasing trend of OM and TN in soils of
rubber trees of varying ages observed in this study does not corroborate the findings of
earlier and similar studies like those of Aweto (2001); Cheng et al. (2007) and Zhang et
al. (2007) who reported decrease in soil nutrient particularly OM and TN with the
increasing ages of forest trees, but corroborated those of Geetha and Balagopalan (2009);
Yasin et al. (2010) when they reported a steady increase in the proportion of OM and TN
in rubber and teak plantation soils with increasing age of plantation. This therefore means
that nutrients accretion are directed influenced by the age of plantation or rubber

trees/plantation.

Table 1: Chemical properties of Soils®

Soil properties 7 years 16 years 39 years 41 years F-values
pH 4.44+0.12 | 4.06+£0.02 |4.24+0.02 |4.08+0.04 |6.821 *
OC (%) 1.14+£0.26 | 1.04+0.19 |1.16+0.07 |1.88+0.22 | 3.835*
OM (%) 1.97+0.44 |1.79+0.33 |1.99+0.13 |3.24+0.38 |3.838 *
TN (%) 0.28+0.06 |0.25+0.05 |0.28+0.02 |0.45+0.07 |3.062ns
CEC (cmol/kg™) 3.7840.74 |4.96+0.22 |4.36+0.18 |4.64+0.18 |1.536ns
Av. P (mg/kg™?) 36.16+5.72 | 21.90+6.31 | 15.38+4.37 | 13.52+2.51 | 4.303*
Exch. Ca (cmol/kg™) | 0.88+0.10 | 0.38+0.05 |0.67+0.05 |0.32+0.09 | 11.70%**
Exch. Mg (cmol/kg™) | 0.24+£0.03 | 0.16+£0.01 | 0.18+0.01 |0.14+0.01 | 6.584*
Exch. Na (cmol/kg™?) | 0.56+0.09 | 0.72+0.02 |0.69+0.06 |0.64+0.03 |1.485ns
Exch. K (cmol/kg™) | 0.06+£0.01 | 0.07+£0.00 |0.10+0.01 |0.09+0.01 |4.519*

?values are means + standard errors.

* Difference between means is significant at 5% alpha level.

** Difference between means is significant at 1% alpha level.

ns: Difference between means was not significant at 5% alpha level.

Furthermore, the proportion of exchangeable bases (Ca, Mg, Na and K) varied
substantially across soils of the rubber plots. Exchangeable bases according to Brix (2008)
are important properties of soil and sediments as they relate information on the soil’s
ability to sustain plant growth, retain nutrients, buffer acid deposition or sequester toxic
heavy metals. The proportions of exchangeable calcium (Ca) and exchangeable
magnesium (Mg) reduced drastically with increasing age of rubber plantation plots; the
values of Ca and Mg ranged from 0.14 to 0.88 cmol/kg™. On the other hand, the levels of
Na and K increased with increasing age of rubber plantation plots. The proportions of Na
and K ranged from 0.06 to 0.72cmol/kg™. There were significant variations in the contents
of Ca, Mg and K among the rubber plots (p<0.05), while the content of Na across soils of
the plantation plots did not vary (p>0.05), though Na is often considered as a non-
essential element for most plants (Aweto and Dikinya 2003). The high content of Ca and
Mg in the early stages of cultivation (7 and 16 yrs old rubber plots) is attributed to the
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leaching of base cations to the deeper layer of soil. Since the soil layer at this phase is not
adequately covered, rain drops hit the soil surface directly; this condition enhances
intensive leaching process of base cations compared to the latter phase of the plantation
(Yasin et al. 2010)

However, the generally low levels of exchangeable bases across the rubber plantation
plots reflect a low fertility status of soils in the area. The proportion of available
phosphorus (Av. P) in soils of the rubber plots declined substantially with increasing age,
with the highest value of 36.16 mg/kg™ recorded in the youngest rubber plot (7 yrs old
rubber plot) while the oldest plot (41 yrs old rubber plot) had the lowest value of 13.52
mg/kg™. The proportion of Av. P varied significantly among the rubber plots (p<0.05). Av.
P is an essential nutrient for plant growth, and is a primary fertilizer element; this element
in the 7 yrs old plantation plot may have been enhanced due to the abundance of woody
and herbaceous vegetation with high litter input. The increased in litter inputs and in situ
decomposition increases the pH content, which also favours increase in Av. P (Iwara et al.
2010). The increase in pH value in the 7 yrs old plot has substantial effects on nutrient
availability in the soil (Brady and Weil 2005; Osemwota 2010).

CONCLUSION AND RECOMMENDATION

The present study has shown clearly that the contents of organic matter and total
nitrogen in rubber soils increase with the age of trees, which perhaps is affected by the
increase in tree size and vegetation cover. These attributes of a mature rubber tree help
to conserve essential nutrients in the soil by minimizing the loss of nutrients in both
dissolved and sediment-bound form mostly during periods of heavy rainstorm. The study
therefore implies that rubber has no significant adverse effect on soil organic matter and
nitrogen status of the soil. However, for sustainable rubber production in line with the
need to improve the nutrient balance of soil by reducing unproductive nutrient losses from
erosion and leaching, mature rubber trees in plantation plots should be properly managed
through routine treatment, as well as selectively replaced with new ones for continuous
nutrient conservation and fluxes.
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