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Abstract

The project was carried out to determine the effects of different fallow types on soil derived from
sand stone of low nutrient status in south western Nigeria. The different fallow types include Leu-
caena, elephant grass, guinea grass and secondary forest. Cultivated farm land was used to serve
as control for comparison of soil quality improvement. Soil samples were collected in four repli-
cates on each land cover type and analyzed for major physical and chemical parameters. The re-
sults show little fertility improvement for base saturation with 1.42 cmol/kg in Leucaena, 1.99
cmol/kg in secondary forest, 1.60 cmol/kg in guinea grass and in Elephant grass. Leucaena re-
sulted to better soil quality than secondary forest especially in surface properties though not sig-
nificantly different. Elephant grass and guinea grass also resulted to better Nitrogen content. Ni-
trogen content recorded in Leucaena was high with 0.20% - 0.25%. Guinea grass and elephant
grass resulted to better soil quality in terms of nitrogen content [0.20% - 0.25%] than cultivated
and secondary forest [0.07% - 0.11%] due to their yearly incorporation in to the soil by ploughing.
The values of phosphorus were higher in Leucaena though not significant [6.46 mg/kg]. Low soil
properties improvement is attributed to nutrient exploitation in Leucaena and secondary forest
after a long period of fallow [20 years] while, nitrogen enrichment in the grasses is attributed to
yearly tillage. Over all low to medium soil variability indicates that the soils could be managed as a
unit for crop production.
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1. Introduction

All over the world, it is now being recognized that the use of soil must be planned and that soil must be properly
managed if it is to continue to support crops and give the maximum yield. A decrease in soil quality as measured
by changes in soil properties, process and consequent decline in productivity in terms of immediate and future
production is termed soil degradation. Soil degradation can also be termed as the physical and chemical deteri-
oration of soil or reduction in soil quality in which it has major implication for agricultural productivity that is,
they become less able to support plant and animal growth as there is a decline in levels of available moisture,
available nutrients and biological activity [1].

One of the biological means of restoring degraded soils is by improved fallow. Such include planting of le-
guminous plant like Leucaena (Leucaena leococephala). It has been observed that erosion in plots with Leucae-
na Leucephala was reduced by 82% when compare to other control treatment [2]. Also reports have shown that
yields of crop could be maintained for many years at reasonable levels with the use of Leucaena leucephala
without application of inorganic fertilizers [3].

One of the most significant problems facing traditional farming system which the nation must solve is how to
maintain soil fertility at a high productive level with increasing pressure and competition and yet eliminate the
long bush fallow system.

At the outset of fallow different forms of weed are the first colonizers of land in the southern parts of Nigeria.
It was reported that plants which have the ability to fix nitrogen are among the major plants in the fallow [4].

Three to four years after fallow, various species of herbaceous legumes start to appear, prominent among
them is calopogonium mucunoides. This early colonizers are most tolerant of daily temperature fluctuations and
water stress than the shrub legumes which appear much later. As the legumes get into the soil, nutrient status of
the soil increases rapidly because the legumes fix more Nitrogen than they require [5].

The fallow period enables accumulations of organic matter and this depends on amount of humus contributed
by the decaying litters and root residues. There is general reduction in the level of soil organic matter in the first
three years of fallow [6]-[8]. Plant food materials normally lay locked up in the soil humus and underlying par-
ent rocks. Given time and favourable conditions, these plants nutrients will return to the soil. The length of time
piece of land be allowed to lie fallow depends on: stage of exhaustion of soil, system of crop rotation, quantity
of land available for cropping year. Where land has been greatly over cropped, it is necessary to allow a long
period of rest with plants such as Leuceana [9]. Where the system of crop rotation does not allow complete ex-
haustion of the soil, short periods of fallow could be allowed. In school farms, the fallow period is usually one or
two years. With the use of a good leguminous fallow crop, one or two years fallow has been found adequate to
maintain soil fertility. Recently attention is focused on improved fallow where easily decomposed plants rich in
N are deliberately used as fallow [10]. Example of such is Leucaena leucocephela which is a perennial browse
plant found growing in Nigeria. The young leaves are palatable and rich in protein on dry matter basis. It was
observed that erosion in plots with Leucaena leucocephela was reduces by 83% when compare to the control
treatment [2]. Moreover yields of crops could be maintained for many years at reasonable levels with the use of
Leucaena leucocephala and application of inorganic fertilizers [10]. According to research findings, Leucaena
luecocephala also provided favourable Microelements, which enhanced microfauna activities, thus enhancing
soil water holding capacity and nutrient recycling which are beneficial to biological organism [11]. Soil with
Leucaena leucocephala had high water retention capacity, high porosity and infiltration rate. This may be attri-
buted to improved soil structure.

The potentials of grasses are also being explored for soil improvement. Example of such is elephant grass
which is an indigenous drought resistant grass. It is a tall perennial grass growing to a height of 2 - 4 metres. It
has long penetrating root. It is one of the most valuable forage, silage and silage crops in the wet tropics. Ele-
phant grass gives very effective control measure for erosion in its own ecological niche. It uptakes nutrients
from the soil thereby prevent leaching. It helps in recycling soil nutrients. Research has also indicated the ability
of leguminous tree like gliricidia (Gliricidia sepium) and Leucaena in improving soil quality [10].

Nutrient mining and soil degradation are usually considered as problems in arable farms especially on soils
derived from sand stone in south western Nigeria [12]. The soils derived from sand stone are usually low in fer-
tility and fragile and therefore need proper management to sustain and mitigate against degradation. Soils of
Ikenne have been under various long term cultivation and land cover. The major land use/cover types include
arable crops cultivation of (maize/cassava) more than 10 years, guinea grass (as pasture), elephant grass, sec-
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ondary forest and Leucaena for over ten years. The aim of this research is to assess the effects of improved fal-
low such as Leucaena on soil quality and to compare this with other land cover types and land uses in the area in
order to guide soil quality improvement programmes on similar soils.

2. The Study Area

The soil samples for the study were collected at Institute of Agricultural Research and Training (I.A.R & T) Re-
search Station at Ikenne in Ogun State (Figure 1).

The climate of the area is between the humid and sub humid tropical, with an annual rainfall of 1436.3 mm,
with two peaks distribution pattern (June and September) and five dry months in the year. Mean temperature of
the area is 26.3°C with February and March as the hottest months. The mean relative humidity is 75% while po-
tential evapo-transpiration (PET) is 109 mm. The major soils of the area were indentified as Alagba, Ibeshe and
Agege at the upper and middle slopes respectively [13]. These have been classified as Oxic paleustults and Dys-
tric Nitosols under USDA and FAO systems of classifications respectively [14].

3. Land Use and Fallow Types

Different land use types of varying fallow identified on the site include: guinea grass, secondary forest tree, ele-
phant grass, Leucaena and land under continuous arable cultivation (maize/cassava) as control. The arable plot
had been under cultivation with crops such as maize and cassava, for about 10 - 15 years. Fertility improvement
was by addition of inorganic fertilizer every year. The guinea grass was established more than 15 years ago. The
area had been constantly subjected to animal grazing such as cattle. The land was usually ploughed for cultiva-
tion but not cropped due to production constraint and hence reverted back to guinea grass. The secondary forest
had been in existence for about 20 years. The secondary forest was characterized by canopies not fully formed
with underground thickets, herbs and shrub. The elephant grass plot had been established for about 15 - 20 years.
Since this was difficult to control, hence the practice was to plough it into the soil at the beginning of the plant-
ing season to avoid pest infestation and to avoid its encroachment on adjacent cultivated plot. The Leucaena
trees plot had been established for about 15 years. They were planted with spacing of 5m by 5m as fallow plants
to improve the fertility.

4. Field Work

The layouts of the different fallow types were shown in Figure 1. Each area represented by the fallow types/land
use type were divided into four and samples were randomly collected from each of the polygon demarcated for
the land use/cover types. The soil samples were taken systematically at 0 - 30 cm and 30 - 60 cm. Mini-pits were
dug at the sampling points for sub surface sampling to avoid contamination. Core sampler was used to collect
samples for bulk density determination.

5. Laboratory Analytical Methods

The soil samples were air dried, grounded and sieved by 2 mm sieve. Samples were further sieved through 0.5
mm for organic carbon and nitrogen determination before subjected to laboratory analysis. They were processed
for chemical and physical analysis of the fine earth (<2 mm) fraction with the standard analysis method [15].
The gravel contents 2 mm were weighed and recorded.

Particle size analysis was carried out using hydrometer method [16] using sodium hexametaphosphate as the
dispersing agent. The pH of the samples was measured in soil-water suspension (1:1 in water) electrometrically
using the glass electrode pH meter after 30 minutes of equilibration. Soil organic carbon was determined using
digestion method [17]. The method involved wet-oxidation procedure and back titration to measure the amount
of unreacted dichromate.

Exchangeable acidity (AI**) was extracted with 1.0M KCI and titrated with ammonium acetate. Exchangeable
bases were extracted with 1.0M ammonium acetate (NH,OAC) at pH 7. Ca?* and Mg?* in the soil were deter-
mined with atomic absorption spectrophotometer while K* and Na* were determined with flame photometer. Ca-
tion Exchangeable Capacity (ECEC) was obtained by summation of exchangeable bases. Available phosphorus
was extracted by Bray-1 extractant [18] of 0.03N NH,4F in 0.025 N HCL. The base saturation was calculated as
ratio of exchangeable bases to the cation exchange capacity express in percentage. Bulk density was determined
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Figure 1. Fallow and land use types of the study area.
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using core sample method which is calculated by dividing the mass of the soil by volume of the soil. Porosity
was calculated using the relationship (1-BD) X100/PD, where BD is bulk density; PD is Particle density with a

value of 2.65 g/cm? for mineral soils. Hydraulic conductivity was determined by constant head method. This

procedure allows water to move through the soil under a steady state head condition while the quantity (volume)
of water flowing through the soil specimen is measured over a period of time. The hydraulic conductivity was
calculated by the quantity Q of water measured, length L of specimen, cross-sectional area A of the specimen,
time t required for the quantity of water Q to be discharged, and head h. The results were subjected to analysis of

variance to know the effect of different fallow types on soil properties/quality and the means were separated
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with the New Duncan Multiple Range Test (DMRT) at p < 0.05.

6. Results

Table 1 and Table 2 showed the physical and chemical properties of the top soils from the different fallow
types/land uses. The highest mean for clay content (15.48%) was recorded in cultivated land but was not signif-
icantly different (p < 0.05) from others and it has highest sand content (71%) as well.

The lowest bulk density (0.84 g/cm®) was recorded on the secondary forest soil followed by 0.87 g/cm?® in
Leucaena. The higher bulk density in cultivated plot and elephant grass could be attributed to effect of mechani-
sation and trampling of livestock respectively.

The chemical analyses show that pH varies from 5.48 to 5.13 but are not significantly different at p < 0.05.
Available phosphorus was higher under elephant grass and Leucaena. The higher availability of phosphorus in
the cultivated plot could be attributed to application of inorganic fertilizer (NPK). Highest content of Carbon
(2.44%) and Nitrogen were recorded in both elephant grass and Leucaena plots and this could be attributed to
yearly tillage of the plot thereby increasing the biomass. The operation was usually done to avoid pest and fur-
ther infestation on adjacent arable land. The N contents in Leucaena, elephant grass and guinea grass were high-
er and significantly different from cultivated and secondary forest.

Potassium and calcium were low in all the land cover types, but were higher in cultivated and in secondary
forest plots. This could be due to application of fertilizer and nutrient recycling respectively. Sodium content va-
ries between 0.10 to 1.23 cmol/kg with lowest value in cultivated soil and highest in Leucaena. The lowest value
0.1 cmol/kg recorded under cultivated could be attributed to ease of leaching after soils are cleared for produc-
tion and high mobility of sodium in soils. Magnesium was significantly different in all the land cover with
maximum reading of 0.25 cmol/kg under cultivated soil which could be due to fertilizer application and lowest
reading 0.70 cmol/kg under secondary forest. The type of vegetation also affects mineralisation and release of
nutrient.

Table 3 and Table 4 showed the physical and chemical properties in the sub soils of the land use types. In the
subsoil, the clay contents increased and more clay was recorded for arable plot. The soil properties were signifi-
cantly different with Leucaena, elephant grass and guinea grass having comparable performance in terms of % C
and %N. Available p was also higher under Leucaena, guinea grass and elephant grass than in secondary forest.

Table 1. Differences in soil physical properties in the surface soil (0 - 30 cm).

Soil property Cultivated Elephant grass Guinea grass Leucaena Secondary forest CV%
Sand 71.14 68.78% 67.76° 62.78° 57.78b 9.76
Clay 15.48° 12.48° 12.48° 13.75° 14.75° 12.16

Silt 13.38" 16.7° 19.74* 23.47° 2747 28.46
BD 0.95 0.96" 0.92° 0.87% 0.84° 6.23

Mean with the same letter are not significantly different from each other (p < 0.05).

Table 2. Differences in soil chemical properties in the surface soil (0 - 30 cm).

Soil property Cultivated Elephant grass Guinea grass Leucaena Secondary forest CV %
PH (H20) 513 5.28° 5.28° 5.48 543 465
A.V.P (mg/kg) 479" 6.7 2.87° 6.46° 3.35° 24.15
Carbon% 0.86" 2442 2.35° 244 0.69" 28.98
Total N % 0.08" 0.25° 0.24* 0.25° 0.07° 26.16
K (cmol/kg) 0.42° 0.25° 0.35® 0.42° 0.28° 21.42
Na (cmol/kg) 0.10° 0.10° 0.29° 1.23° 0.69® 13.39
Ca (cmol/kg) 1.92° 1.04% 0.87° 0.68° 0.76° 21.53
Mg (cmol/kg) 0.25° 0.20° 0.12"° 0.14° 0.07° 18.28
CEC (cmol/kg) 2.69 1.63 1.63 247 1.80

Mean with the same letter are not significantly different from each other (p < 0.05).



0.T. Ande, B. A. Senjobi

Table 3. Differences in soil physical properties among fallow type sub soil (30 - 60 cm).

Soil property Cultivated Elephant grass Guinea grass Leucaena Secondary forest CV%
Sand % 52.27% 50.78° 44.23° 54.73% 45.28° 1333
Clay % 34.48° 32.48% 31.48% 25.75 24.78° 23.78

Silt % 13.38" 16.74° 24.29° 19.25® 29.95° 3112

B.D (g/lcm?) 0.94° 0.96* 0.90* 0.84° 0.84° 6.23

Mean with the same letter are not significantly different from each other (p < 0.05).

Table 4. Differences in soil chemical properties among fallow type sub soil (30 - 60 cm).

Soil property Cultivated Elephant grass Guinea grass Leucaena Secondary Forest CV%
PH (H,0) 5.33% 5.45°% 5.28® 5.28% 5.05%® 3.10
A.V.P (mg/kg) 2.39° 4.31° 2.87° 3.11° 2.16° 23.88
Carbon% 0.61° 1.70° 1.50° 1.96° 1.04° 28.12
Total N % 0.11° 0.17° 0.15° 0.20° 0.11° 24.40
K cmol/kg 0.60° 0.83 0.24° 0.21° 0.21° 29.31
Na (cmol/kg) 0.12° 0.09° 0.34% 0.44° 0.90° 14.48
Ca (cmol/kg) 1.67° 1.04% 0.87° 0.68° 0.76° 21.53
Mg (cmol/kg) 0.25° 0.20% 0.15® 0.09° 0.12%® 27.08
CEC (cmol/kg) 2.64 2.16 1.60 1.42 1.99

Mean with the same letter are not significantly different from each other (p < 0.05).

This shows the potential of grass to improve soil P when incorporated to soil.

The chemical parameters decrease in the sub soil except CEC. The CEC was generally low but higher under
arable than other plots The CEC increased in the sub soil under forest compare to Leucaena which indicates bet-
ter nutrient recycling. The increase of CEC under arable could be attributed to leaching when the soils are
cleared before crops cover the ground effectively. The variability of soil properties was low to medium generally.
Silt was most variable in the surface and sub soils while K was most variable chemical parameter.

7. Discussion

The commonest feature of traditional farming in Nigeria is the growing of different crop species simultaneously
on the same piece of land with continuous cropping; the soil deteriorated because of the heavy rainfall on open
and cleared cultivated lands which lead to severe erosion. Repeated removal of arable crops with little opportu-
nity for soil recuperation render inevitable a heavy drain on the soil nutrient supply which intensifies the loss of
organic matter and deterioration of physical condition. As the land is continuously cultivated with manuring or
fertilization, yield usually declines [9] [19]. The comparable CEC with other fallow crop could be attributed to
effects of yearly fertilization. However the yearly mechanisation has led to increased bulk density in arable plot
compared with Leucaena and secondary forest plots.

Under secondary forest the soil secured and renewed the forest, just like the forest helped to secure and renew
the soil. The forest covered and protected the soil from extreme heat and cold while slowing the nature forces of
erosion like water, wind and gravity. However the improvement of soil quality depends on type of vegetation
that dominates the area. The vegetation was mainly creepers with leaves and stolon that could not easily de-
composed. This could explain the low nutrient built up under the forest. Moreover the soil of the area was inhe-
rently low in nutrient. The plot under guinea grass was usually left for grazing animals and this could explain the
comparable bulk density and % carbon with elephant grass. Grazing animal exert pressure on the ground com-
parable to that of agricultural machinery. As a result, soil under pasture could be compacted, also decrease in
micro and macro pores occurred as well as destruction of soil structure. The yearly tillage of elephant grass plot
and bush burning in the guinea grass plots coupled with grazing could explain the comparable results in % C
with Leucaena.

Overall low soil quality improvement was attributed to nutrient exploitation in Leucaena (about 15 years) af-
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ter long period of fallow. In secondary forest, the type of vegetation and inherent low fertility are considered to
be responsible. While nitrogen enrichment in grasses was attributed to yearly tillage thus adding biomass to the
soil but were poor in other soil parameters measured except elephant grass plot with higher P comparable to that
recorded for Leucaena. This finding was in line with past findings that leguminous tree contributed high im-
provement to soil quality better than secondary forest [10]. It seems that exploitation replaces amelioration with
leguminous tree after long fallow. Moreover these results indicate that grasses can improve soil biomass, organic
carbon and nitrogen if ploughed to serve as compost. The low to medium variability of soil properties could be
attributed to the binding effects of plant roots on the soils, while K with highest CV (29%) for chemical para-
meters could be attributed to its high mobility in soil. Over all low to medium soil variability indicates that the
soils could be managed as a unit for crop production (average for surface/sub soil chemical 19.72% and 21.46%
respectively).

8. Conclusion and Recommendation

The study was conducted to carry out effects of different fallow types on soil properties. The different land cov-
ers resulted to different soil qualities. Leucaena was best in terms of soil quality. It improves soil quality better
than secondary forest in eight parameters (,H, Av. P, Percent carbon, total nitrogen, potassium, sodium, calcium
and magnesium), however, higher calcium and magnesium recorded on cultivated soil could be attributed to fer-
tilizer application.
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