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ABSTRACT

The study assessed the soil qualities of five land use types; Oil palm plantation, Nursery site,
Forest (Teak), Citrus orchard and Arable Crop land in Kabba College of Agriculture using selected
biological indicators which include, Organic Carbon (OC), Total Nitrogen (TN), Microbial Biomass
Carbon (MBC) and Microbial Biomass Nitrogen (MBN). An area of 40 m x 30 m that is
representative of each land use was selected, sampled and analyzed following standard
procedures for laboratory analysis. The highest values of OC (18.41 g/kg) and TN (7.95 g/kg) were
obtained at the nursery site followed by Oil Palm (OC - 14.12 g/kg; TN - 6.56 g/kg), the lowest
values were obtained at the Arable Crops site (OC - 10.53 g/kg; TN - 5.20 g/kg). The MBC values
ranged from 307 — 498 mg/kg across the land use studied. The MBN values obtained in this study
ranged between 16.93 - 34.41 mg/kg. The MBC/MBN ratios obtained in this study were relatively
high and in the following order Forest land (26.5 mg/kg) > Oil Palm Plantation (21.3 mg/kg) > Citrus
orchard (19.5 mg/kg) > Nursery site (15.9 mg/kg) > Arable Crops land (12.2 mg/kg) respectively
indicating the predominance of fungi in these soils. It is recommended that sustainable practices
that will encourage replenishment of C and N into the soil should be adopted in the study area.
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1. INTRODUCTION

Soil quality according to Karlen et al. [1] can be
defined as the capacity of soil to function within
natural or managed ecosystem boundaries, to
sustain plant and animal productivity, maintain or
enhance water and air quality and support
human health and habitation. The call for
sustainable agricultural production to meet food
and industrial demand of fast increasing
population as well as ensure the safety of soil
and environment has made the study of sail
quality to be imperative. Several workers had laid
emphasis on the importance of soil in solving
recent global issues such as poverty alleviation
and food security, demands for energy and water
and climate change [2,3,4,5].

The assessment of the quality of the soil is
important in monitoring soil productivity and
meeting the global demand on soils. Several
indicators had been used to express the quality
of soils which include; bulk density, porosity, soil
organic matter, total nitrogen and microbial
properties [6,7] or simulation modeling [8].

According to Babalola and Fasina [9] different
agricultural land use can bring out variation in
soil properties, therefore soils of the same nature
can end up having different soil conditions as a
result of the use to which they are put into. This
view was supported by [10,11,12]. An
assessment of the soil functional capacities on
the bases of land utilization types is important in
other to have information on current condition of
soils and for the development of soil
management system that will guarantee soil
sustainability. Kabba College of Agriculture is
situated on 346 hectares of land, about 250
hectares have been classified as agricultural land
by Higgins [13] and there was no report on
assessment of soil functionality of the area. The
need for this study is therefore imperative. The
objectives of this study were:

1. To determine the soil quality of the study
area.

2. To compare the soil quality of the different
land use in the study area.

2. MATERIALS AND METHODS
2.1 Description of the Study Area

The study area is located in Kabba, Southern
Guinea Savanna Ecological Zone of Nigeria

(latitude 07°53'N and 07 °5'N and Longitude
6°8'E and 6 °3'E). The rainfall spans from April to
November with the peak in June to September
while the dry season extends from December to
March. The mean annual rainfall is 1,570 mm per
annum with an annual temperature range of 18°C
- 32°C and the Mean Relative Humidity is 59%
[14].

The main vegetation of the area is; tall grasses,
shrubs, some trees, plantains, oil palm, etc.
Some parts of the area, however, had been put
to cultivation of arable crops like maize and
tubers such as yam and cassava while a part of
the site is used for field experiments with
experimental crops such as cowpea, cassava,
maize tomato being planted. On the whole,
human activities (cultivation) influenced the
vegetation. The major soil orders within the
experimental sites are Gleysol and Alfisol [15].
The land uses under consideration include: Oil
Palm Plantation, Nursery Site, Arable Crops
Land, Citrus Orchard and Forest Land.

2.1.1 Soil sampling and laboratory analysis

An area of 40 m x 30 m, that is representative of
each of the land use was selected for soil
sampling. The area selected was demarcated to
four and composite soil samples were collected
at each of the demarcated area at soil depth 30
cm. Part of the sample was stored in plastic bags
at 4°C for soil microbial biomass (SMB)
determinations i.e. Microbial Biomass Carbon
(MBC) and Microbial Biomass Nitrogen (MBN).
The remaining soil was air-dried, passed through
a 2 mm sieve and stored at ambient temperature
for analysis of other soil properties.

Total Nitrogen (TN) was determined by the
Kjeldahl digestion procedure [16]. Organic
Carbon (OC) was determined by digesting the
soil at 130°C for 30 min with concentrated H,SO,
and K,Cr,O,, after which OC was, determined

calorimetrically [17]. Soil Microbial Biomass
Carbon (MBC) and Soil Microbial Biomass
Nitrogen (MBN) were determined by the

chloroform fumigation—extraction method [17] in
closed desiccators for 24 hrs at 25°C. MBC/MBN
ratio, MBC/OC ratio and MBN/TN ratio (%) were
calculated from the results of the analysis. The
levels of parameters studied were expressed for
each land use with bar chart and shown in Figs.
1,2 and 3.
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3. RESULTS AND DISCUSSION
3.1 Organic Carbon and Total Nitrogen

Results on Organic Carbon (OC) and Total
Nitrogen (TN) are presented in Fig. 1. The
highest values of OC (18.41 g/kg) and TN (7.95
g/kg) were obtained at the Nursery site followed
by Oil Palm OC (14.12 g/kg) and TN (6.56 g/kg),
the lowest values were obtained at the Arable
Crops site (OC - 10.53 g/kg; TN - 5.20 g/kg).

The OC and TN values recorded in this study are
generally low by in agreement with values
reported for Nigeria soils [7,18,15].

The high results obtained at the nursery and Oil
palm site could be attributed to all year round
cultivation, adequate nutrient input from fertilizer
and manure, returns of decay organic materials
to the sail in the form of decaying roots, litter and
crop residues [7].
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Fig. 1. Effect of land use on organic carbon and total nitrogen
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Organic C may serve as a suitable indicator of
soil quality. Several studies reported that soil
organic matter fractionation may offer information
on soil fertility status and past management
history of soils [19,20]. In this study, soils from
land use studied contained different Organic
Carbon levels that reflect the management
practices on them. This observation agrees with
[20] who compared C fraction changes in
different soil management strategies after 18
years of continuous cultivation in a long-term, on-
station experiment located on the Kikuyu Red
Clay.

3.2 Microbial Properties

Results on microbial properties are presented in
Figs. 2 and 3. The MBC values ranged from
307 to 498 mg/kg across the land use
studied. These values are in agreement with of
values of 115 to 1231 mg/kg reported by
[21,22] and 61 to 1620 mg/kg reported by [23] in
other land use types and terrestrial ecosystems.
Also the values are in agreement with the
findings of [7] - 182 to 766 mg/kg and [24] - 131
to 270 mg/kg for Nigerian Soils in other land use
types and terrestrial ecosystems. However, it is
lower than the values of 1000 to 2000 mg/kg
recorded in humid tropical forest in Amazonia
[25].

The lowest value of MBC (307 mg/kg) was
recorded at the arable crops site. This is

responsible for the lowest OC value (5.2 mg/kg)
recorded at the site and can be attributed to
tillage, poor return of plant residue as a result of
harvesting [10]. Relationship between Microbial
Biomass and OC has been established [7,26].
The MBN values obtained in this study ranged
between 16.93 to 34.41 mg/kg, they are in
agreement with reported values of 18.59 to 44.78
mg/kg by [7] and 25.6 to 42.2 mg/kg by [27]. The
Nursery site has the highest OC, TN, MBC and
MBN value and this has been attributed to round
the year cultivation with application of inorganic
and organic fertilizers [7,27].

The MBC/MBN ratio has been reported to be
related to the soil microbial community [7]. A low
MBC/MBN ratio indicates that the microbial
biomass contains a higher proportion of bacteria
whereas a high value suggests that fungi
predominate in the microbial population [28,29].
The MBC/MBN ratios obtained in this study were
relatively high, ranging from 15.9 to 26.5 mg/kg
indicating the predominance of fungi in these
soils. The MBC and MBN when expressed as
percentages of OC and TN respectively give an
estimation of the quantities of nutrients in the
microbial biomass, organic matter dynamics and
substrate availability in soils [30]. Reports in this
study revealed that MBC accounted for between
2.7 to 4.1% of OC while MBN was 0.3 to 0.4% of
STN. This result also agrees with the findings of
[7]. However, the MBN as a percentage of TN
obtained are lower than the ranges reported in



Babalola and Yahqub; IJPSS, 26(6): 1-6, 2018; Article no.lJPSS.34073

literature by other workers for arable, pasture
and forest; and the low values indicate that the
microbial biomass is not important as a sink for N
in these areas [27]. Differences in biomass
content are directly related to the primary factors
affecting microbial ecology [31]. Climatic factors
play significant role on biodegradable organic
material and microbial growth [32]. The study
area has a humid tropical climate which is
characterized by high temperature, rainfall and
humidity, these along with intensive tillage most
especially in the arable land may limit microbial
biomass.

4. CONCLUSION

Indicators studied in this research OC, TN,
biomass C and N proved to be suitable biological
indicators of soil quality in the study area and
they all agree with findings of past research on
the subject matter. Round the year cultivation
practice in the Nursery site improves the quality
of soil in the study area. Microbial activities are
more active in the Nursery and Plantation areas
than the Arable land due to high levels of C and
N. It is therefore recommended that sustainable
practices such as, the use of organic manure,
green manure, planting of legumes as sole crop
and intercrop that will encourage replenishment
of C and N into the soil should be adopted in the
study area.

COMPETING INTERESTS

Authors have declared that

interests exist.

REFERENCES

no competing

1. Karlen DL, Mausbach MJ, Doran JW, Cline
RG, Harris RF, Schuman GE. Soil quality:
A concept, definition, and framework for
evaluation (a guest editorial). Soil Science
Society of America Journal. 1997;61:4-10.

2. Cassman KG, Dobermann A, Walters DT,
Yang H. Meeting Cereal Demand While
Protecting  Natural Resources and
Improving Environmental. Quality, Ann.
Rev. Environ. Res. 2003;28:315-358.

3. Borlaug N. Feeding a hungry world,
Science. 2007;318(5849):359.
DOI: 10.1126/science.1151062

4. Lal R. Soils and food sufficiency: A review.
Agron. Sustain. Dev. 2009;29:113-133.

5. Hillel D. The mission of soil science in a
changing world. J. Plant Nutr. Soil Sci.
2009;172:5-9.

10.

1.

12.

13.

14.

15.

16.

17.

18.

Lal R, Kimberly JM. Conservation tillage
for Carbon sequestration. Journal of
Nutrient Cycling in Agro Ecosystem. 1997;
49:243-253.

Adeoye MKA, Bala A, Osunde AO, Uzoma
AO, Odofin AJ, Lawal BA. Assessment of
soil quality using soil organic carbon and
total nitrogen and microbial properties in
tropical agro ecosystems. Agricultural
Sciences. 2011;2(1):34-40.

Bouma J, Droogers P. A procedure to
derive land quality indicators for
sustainable agricultural production.
Geoderma. 1998;85:103-110.

Babalola TS, Fasina AS. Variation of the
properties of soils derived from granitic
parent materials in southwestern Nigeria.
Journal of Research and Development.
2006;5(2):1-14.

Babalola TS, Oloniruha JA, Ayodele FG,
Kadiri WOJ, Ogundare SK. Assessing soll
quality of three land use types in Otite,
Southern Guinea Savannah, Nigeria.
Biological and Environmental Sciences
Journal for the Tropics. 2012;9(3):99-102.
Babalola TS, Ogundare SK, Etukuko OO,
Hinmikaiye AS, Kadiri WOJ, Ibitoye-Ayeni
NK. Evaluation of soil fertility of small-scale
famers fields in ljumu area Southern
Guinea Savannah Region, Kogi State,
Nigeria. Nigerian Journal of Agriculture,
Food and Environment. 2015;11(2):76-82.
Babalola TS, Kadiri WOJ. Influence of land
use on soil physico-chemical Properties in
Otite, Guinea Savannah zone, Nigeria.
Researcher. 2017;9(3):1-4.

Higgins GM. Preliminary report on the
detailed land, soil and contours survey of
river line Area of School of Agric Kabba.
Soil Survey Bulletin No 31; 1957.

Kabba College of agriculture.
Meteorological Report. No. 41; 2016.
Babalola TS, Oso T, Fasina AS, Godonu
K. Land evaluation studies of two wetland
soils in Nigeria. International Research
Journal of Agricultural Science and Soil
Science. 2011;1(6):193-204.

Bremner JS, Mulvaney CS. Nitrogen-total.
Publication of the American Society of
Agronomy. 1982;9:580-623.

Anderson JM, Ingram JSI. Tropical Soll
Biology and Fertility: A Handbook of
Methods. Publication of CABI, Wallingford,
UK; 1993.

Fasina AS. Influence of land use types on
topsoil properties of an Alfisol in
Southwestern Nigeria. Journal of



19.

20.

21.

22.

23.

24.

25.

Babalola and Yahqub; IJPSS, 26(6): 1-6, 2018; Article no.lJPSS.34073

Sustainable Agriculture and Environment
2004;6:171-178.

Barrios E, Delve RJ, Bekunda M, Mowo J,
Agunda J, Ramisch J. Indicators of soil
quality: A South- South development of a
methodological guide for linking local and
technical knowledge, Geoderma. 1996;
135:248-259.

Kapkiyai JJ, Karanja NK, Quresh JN,
Smithson PC, Woomer PL. Soil organic
matter and nutrient dynamics in a Kenyan
nitisol under long-term fertilizer and
organic input management. Soil Biology
and Biochemistry. 1999;31:1773-1782.
Anderson TH, Domsch KH. Ratio of
microbial biomass carbon to total organic
carbon in arable soils. Australian Journal of
Soil Research. 1989;30:195-207.

Insam H, Parkinson D, Domsch KH.
Influence of macroclimate in soil microbial
biomass. Soil Biology and Biochemistry.
1989;21:211-221.

Srivastava SC, Singh JS. Carbon and
phosphorus in the soil biomass of some
tropical soils of India. Soil Biology and
Biochemistry. 1988;20:743-747.
Onweremadu EU, Akamigbo F, Igwe CA.
Soil Quality morphological index in relation
to organic carbon content of soils in south-
western Nigeria. Trends in Applied
Sciences Research. 2008;3(1):76-82.
Henrot J, Robertson JP. Vegetation
removal in two soils of the humid tropics—
Effect on microbial biomass. Soil Biology
and Biochemistry. 1994;26:111-116.

26.

27.

28.

290.

30.

31.

32.

Doran JW, Parkin TB. Defining soil quality
for a sustainable environment. In: Soil
Science Society of America Special
Publication 35, ed. Doran et al.,, 3 — 22.
Madison, WI: Soil Science Society of
America; 1994.

Singh H, Singh KP. Effect of residue
placement and chemical fertilizer on soil
microbial biomass under tropical dryland
cultivation. Biology and Fertility of Soils.
1992;16:275-281.

Campbell CA, Biederbeck VO, Zentner RP,
Lafond GP. Effect of crop rotations and
cultural practices on soil organic matter,
microbial biomass and respiration in a thin
black chernozem. Canadian Journal of Soll
Science. 1991;71:363-376.

Singh LI, Yadava PS. Spatial distribution of
microbial biomass in relation to land-use in
Subtropical systems of north-east India.
Tropical Ecology. 2006;47(1):63-70.
Sparling GP. Ratio of microbial biomass
carbon to soil organic carbon as a
sensitive indicator of changes in soil
organic matter. Australian Journal of Soil
Research. 1992;30:195-207.

Camargo FAO, Gianello C, Vidor C.
Nitrogen fractions in the microbial biomass
in soils of southern Brazil. R. Bras. Ci.
Solo. 1999;23:181-185.

Wardle DA. A comparative assessment of
factors which influence microbial biomass
carbon and nitrogen levels in soils.
Biological Review. 1992;7:321-358.

© 2018 Babalola and Yahqub; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle3.com/review-history/34073




