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INTRODUCTION

Soil fertility is simply defined as the ability of the soil to
supply nutrients for plant growth. The soil is a store house
of plant nutrients. The nutrients are stored in many forms,
some very availableto plants, while some unavailable. The
concept of soil fertility includesnot only the quantity of nu-
trients a soil contains, but how well nutrients are protected
fromleaching, how avail ablethe nutrientsare and how eas-
ily plant roots can function. Plant nutrients are essential ele-
ments needed for plant growth. Plants absorbed at least 90
different elements, some of these elements are needed for
plant growth, some are not needed by plants. Many of these
elementsare not needed by either plantsor animalsand some
areeventoxicto both plantsand animals, likelead. The most
commonly accepted rules (though not the only one) for de-
termining if an element isessential areasfollows;

- Lack of the element sopsaplant from compl eting growth or

production.

- The element is directly involved in plant nutrition, not
merely “taking up space” in plant tissues.

- A shortage of the element can be corrected only by sup-
plying that element.

Based on these rulesthe essential elementsareidentified
by most scientists. Three of these el ements account for 95%
of all the plant needs; carbon, oxygen and hydrogen. These
three elements are mostly obtained from air and water. The
other 13 mineral nutrients are obtained from the soil. Plants

The most important variables in the soil are the plant nutrient elements. But Savannah soils are known to be
low in these variables. Laboratory study was conducted to evaluate the soil fertility status of Audu Bako
College of Agriculture Research and Teaching Farm, aimed at assessing these variables. The results of this
study shows that all the variables tested, which includes among others exchangeable bases, organic carbon,
total nitrogen, available phosphorus and cation exchange capacity (CEC), were low due to high leaching and
excessive volatilization, which could be arrested by some practices like mulching, application of more organic
manure and supplementing with inorganic fertilizers.

use 6 of the 13 mineral elements in large quantity. These
elementsare labelled macro-nutrients and include nitrogen,
phosphorus, potassium, calcium, magnesium and sul phur.
Since most soils (but not all) supply enough cal cium, mag-
nesium and sulphur, soil scientists called them secondary
nutrient elements. Theother three arereferredto asprimary
nutrient elements or fertilizer elements, which are not usu-
ally availablein large enough amount for best growth. The
three primary nutrient elements are; nitrogen, phosphorus,
and potassium, which are most likely to be added to soil by
fertilization.

The other seven nutrient elements boron, copper, chlo-
rine, zinc, molybdenum, iron and manganese are labelled as
micronutrient elements or trace elements, because they are
used by plantsin such small quantity. The term micronutri-
ent does not, however, mean that the elementsare unimpor-
tant. Plant growth will be affected without enough of these
trace elements.

The soils of Sudan Savannah of Nigeria are physically
fragile because the top soil contains a large proportion of
sand, causing weak aggregate and low level of organic mat-
ter content. These physical constraints are further com-
pounded in gravel soilsor soilswith shallow depth or hard
pan layer (Agboola 1978). The soils of Kano State, which
fall within the Savannah, have low cation exchange capac-
ity (CEC), low level of available nutrients and are moder-
ately to strongly acidic. Most of these soils are intensively
weathered and grossly leached. Similarly, firein an attempt


http://www.neptjournal.com

640

to burn crop residues and weeds during land clearance, fur-
ther destroy the organic matter and brought other changesin
the soil’s physical properties that affect soil fertility. The
soils of these zones are characterized by sandy entisolsand
elfisolsthat are weakly structured. These soilshavevery low
soil organic matter content (generally lessthan 0.3%), low
water holding capacity and are prone to water and wind ero-
sion. Dueto continuousfield cultivation, aluminium toxic-
ity and related calcium, magnesium and phosphorus defi-
ciencieswere found to limit the growth and yield of cereals
and legumes in acid soils in the Sudan Savannah region.
Major food crops grown in these area are; sorghum, millet,
groundnut and bambra groundnut (Jones& Wild 1975). The
removal of crop residuesfor livestock feeds, fuel and fenc-
ing aswell asfrequent land preparation for cultivation when
soil isdry, and continuouscropping of the highly weathered
soil commonly suffered from multiple nutrient deficiencies
and nutrient imbal ances, which leadsto the declinein pro-
ductivity and poor crop yield. Therefore, the need for anur-
gent means of assessing the fertility status of these soilsis
necessary, and the way to do soisby laboratory analysis of
these soils, asit isa general belief among soil scientiststhat
an hour in the laboratory worth ayear in thefield.

MATERIALS AND METHODS

Thework wascarried out at the Research and Teaching Farm
of Audu Bako College of Agriculture, Danbatta, situated be-
tween latitudes 12° 27 - 12°29 N and longitude 8°51 - 8°32
E. It was believed to be devel oped under similar geological
formation to that of Kano and exhibits the homogeneity in
terms of topography, vegetation and climatic condition
(Mortimore & Wilson 1987). The climate of the area was
characterized by an alternate hot rainy season and cool dry
season, the areais 470m (1539ft ) above sea level with an
estimated annual rainfall of about 464mm, and amean tem-
perature of 35°C (Areola 2000).

Soil sampleswere collected using soil auger at two dif-
ferent depths of 0-15cm and 15-30cm from 12 distributed
sampling spots acrosstheentire Farm, air dried, crushed and
s eved through 2mm sieveand stored in pol ythene bagsready
for the laboratory analysis, which was done at Jigawa Re-
search Ingtitute Laboratory, Kazaure. Particle size analysis
wascarried out by hydrometer method (Gee & Bauder 1986);
soil pH in 1:2.5 soil:water ratio using glass electrode pH
meter; organic carbon by Walkley & Black (1934) method;
total nitrogen by the micro Kjeldahl digestion and distilla-
tion method (Jackson 1962); exchangeabl e cations after ex-
traction with 1.0M ammonium acetate at pH 7; available
phosphorus by method of Bray & Kurtz (1945) and cation
exchange capacity (CEC) by the neutral NH,OAc saturation
method (Anderson & Ingram 1993).
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RESULTS AND DISCUSSION

Particlesize analysis: Theresultsof the particle size analy-
sisfor the two soil depths as presented in Table 2 show some
smilaritiesintheir physical characteristicsas84% wassand,
12%silt and 4% clay. According to the soil textural triangle
they were said to be sandy loam, which is the typical soil
type of the Sudan Savannah region.

Soil pH: The results of the pH mean values as shown in
Table 2, indicate that 0-15cm soil depth has a pH value of
5.28, and that of 15-30 cm depth avalue of 5.83. When com-
pared to the values on the critical limits of interpreting lev-
elsof analytical parametersaspresented in Table 1, 0-15¢cm
valuecan beregarded asstrongly acidic (mean value of 5.28),
whilethat of 15-30 cm soil depth valueto be dightly acidic
(meanvalueof 5.83). Thelow pH valuescan be asaresult of
low level of organic matter and leaching of some of the nu-
trient elements.

Exchangeablebases. The mean valuesof all the exchange-
able bases analysed (Table 2) can be considered to be very
low; thisistrue considering their position in Table 1. The
low mean value of all the exchangeable bases can be asa
result of low level of clay content, low organic matter and a
high percentage of sand, which leads to their loss through
leaching and ahigh infiltration rate.

Organic carbon: Mean value of the organic carbon (Table
2), can beconsidered asvery low. Thislow level of organic
carbon can be attributed to the fact that the research area
suffersaproblem of continuous cultivation, removal of crop
residues without return, effects of water and wind erosion
which preferentially removed the soil colloidsincludingthe
humified organic fractions, and can aswell be attributed to
the rapid mineralization under a high temperature, which
indicated less colloidal materialsdueto poorly buffered soil,
leading to substantial |oss of organic carbon.

Total nitrogen: Considering the values of total nitrogen of
all the soil depths(Table?2), both valueswere very low, which
can be attributed tothefact that all the factorsleading tothe
loss of nitrogen are available within the study area which
include excessive temperature leading to vol atilization, ero-
sionof al typesand crop removal. Little or even no attempts
were being made to curtail these.

Available phosphorus: The mean value of the available
phosphorus (Table 2), can al so be regarded aslow irrespec-
tive of the depth. This can be asaresult of low clay content
and a high sand particles, which lead toloss of soluble avail -
able phosphoruseither by rain or acidification; effect of phos-
phorusfixation by the soil floraand other soil microorgan-
isms.

Cation exchange capacity (CEC): Comparing the values
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Table 1: Critical limitsininterpreting levels of analytical parameters.
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Ratings
Parameter Low Medium High Units
Ca <2 2-5 >5 Cmol/kg
Mg <03 0.3-1.0 >1.0 "
K <015 0.15-0.3 >0.3 "
Na <01 0.1-0.3 >0.3 "
CEC <6 6-12 >12 "
Base saturation <50 50-80 >80 "
Organic carbon <10 10-15 >15 "
Total N <01 0.1-0.2 >0.2 "
Available P <10 10-20 >20 "
pH
Ultraacid <35
Extremely acid 3544
Very strongly acid 45-5.0
Strongly acid 5.1-54
Moderately acid 5.5-6.0
Slightly acid 6.1-6.5

Table 2: Mean values of the analytical results of the soil at Research and Teaching Farm of Audu Bako college of Agriculture, Danbatta.

Sampling Depth
Composition 0-15cm 15-30 cm
Sand 84 84
Silt 12 12
Clay 4 4
Textural Class Sandy loam Sandy loam
pHinH,0 (1:2.5) 528 5.83
Na (Cmol/kg) 0.143 0.138
K " 0.010 0.023
Mg " 0.067 0.083
Ca " 147 22.7
Total N (%) 0.031 0.057
CEC (Cmol/kg) 35 32
Av. P (mg/kg) 6.24 518
Org. C (%) 1.06 0.87

of CEC of the soil with that in Table 1, it is clear that the
valuesarelow. Thismay be asaresult of beneficia effect of
organic matter which makesasubstantial contribution to the
CEC of asoil during decomposition and mineralization proc-
ess aswell asthe release of nutrientsinto the soil physical
facility, which resultsin better soil moisture status, and hence,
totheretention of exchangeable cations, epecialy soilslow
in clay content.

CONCLUSION

Considering the above results of the soils analysed at the
Research and Teaching Farm of Audu Bako College of Ag-
riculture Danbatta, it was found that the soils have a low
fertility status, hence the use of organic manure has to be
intensify, crop removal hasto bedonein suchaway that the

stalks, leaves and haulmsbe |eft on thefield for three to four
years, and thereafter, it should be afour to five yearsinter-
val so as to have a better accumulation of organic matter
which can raise the fertility status and a better crop yield.
More Acacia albida (Gawo) should be planted and it should
not be cut for other purpose asthey areleguminous trees and
have the ability to fix alot of atmospheric nitrogen which
can be used by the growing arable crops.
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