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Abstract

The status of Zn and Cu of two fadama soils undéivation at Lushi and Federal Low-cost Housingass in
Bauchi, Nigeria were determined between FebruadyJame, 2012. A total of 30 composite soil samplese
collected from 0-15cm, 15-30cm and 30-45cm depthsy fpurposively selected representative locationthé
study area and analyzed using standard procedBegticle size distribution of the soils showed clagm
texture. SoilpH was strongly acidic with mean values of 5.36 ar&®Jor Lushi and Federal Low-cost soils,
respectively. Low levels of organic carbon (OC)aitable P, and exchangeable bases were observedgfih
soil content of Zn and Cu were low, values incrdasignificantly (p<0.05) with soil depths at botlidhi and
Federal Low-cost locations. The low mean valueshese micronutrients at both Lushi (Zn=1.36mgKg
Cu=0.83mgKd) and Federal Low-cost (Zn=1.32mgkgCu=0.83mgKg) implied that soil amendments of Zn
and Cu and/or application of appropriate quantitiekey nutrient elements would enhance their abdlity for
optimum yields of crops for the resource-poor farmehe study area.
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1. Introduction

Micronutrients, though required in small quantitiase essential for the growth and developmentapx The

availability of these elements in correct amourrtd @roportions play a vital role in the absorptwihother

nutrient elements, especially nitrogen, phosphang potassium. Micronutrients content of soilsesfefs upon
the soil types, parent material, s@H, organic matter, clay content, amount of exchablgedases and
phosphate (Macias, 1972). The availability of miartients, especially Zn and Cu, is important feg optimum

growth of crops.

Zinc and copper alongside other micronutrients wirgt recognized as limiting factor in crop
production in Florida, United States of Americaidgrthe late 1920s (Tisdal¢ a@., 1975). The role of both zinc
and copper in plants are associated with the fanctg of a number of enzymes. Zinc promotes growth
hormones, seed production and starch formation. p&ogs important in photosynthesis, protein and
carbohydrate metabolism as well as nitrogen fixa(Brady, 1990).

Owonobi et al. (1990) consider fadamas to be valleys of streaivers and lakes, which are
traditionally cropped during the dry season. lissially a site of busy agricultural activities thghout the year
owing to its characteristic residual and undergburoisture retention within the rhizosphere for troart of
the year and the understanding that they are nestéefthan their upland counterparts (Mustaghal., 2005;
Singh and Babaji, 1990). According to Davey andndtdn (1956) fadama includes only those depressions
found in the heavy clay which are filled by the diewving of the rivers, drainage or rainfall and iain retain
water and green vegetation for some time afterréisé of the countryside is dry and bare. Their gaader
holding capacity and proximity to water sourcegatns and/or underground water) for crop insuragegnat
drought and/or for dry season irrigation are thennfactors that have lured farmer to fadama lamdsstapha
and Loks, 2005). In the fadamas, the soils are gamd highly productive due to the seasonal flopdimhich
replenishes the soil with active clay fraction,amig matter and nutrient elements.

Studies on soil micronutrients status in Nigeria,general, and in Bauchi state, in particular, have
suffered considerable neglect (Mustapha, 2003).tMbghe soil fertility workers in Nigeria did cest their
works on nitrogen, phosphorus and potassium (Mastap007; Sadegh-Zadeh al., 2008; Mustaph&t al.,
2011, Daaret al., 2013). It is only of recent that work startedNigeria, and indeed West Africa, on some
micronutrients, especially magnesium and alumindaygganesé al., 2011).

In Nigeria today, the quest for high food productio order to meet up with the food need of thereve
increasing population has brought about the neebtatoess the fertility of fadama soils that werthdnito
neglected. This is evidenced in the initiation lnd National Fadama Development Projects (Fadafadama
Il and Fadama Il projects) by the Federal Govemintd Nigeria. The sustainable exploitation of fadama
lands is, however, currently hindered by the latkite-specific information on these soils (Musta@nd Loks,
2005) thereby rendering them vulnerable to abusermismanagement. In order to achieve Nigeria’'s gdal
food sufficiency through the agricultural transfation agenda (ATA), a proper knowledge on the gatsand
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chemical properties of fadama soils, especiallysome neglected, but important, micronutrients bexom
imperative. Similarly, the continuous cultivatioh fadama soils, owing to its better crop productmstential
informed the likelihood that the soil may be deptebf plant micronutrient elements.

It is against this back drop that this researchkvemeks to ascertain the fertility of two fadaméssoy
investigating the status of zinc and copper, witheav to recommending soil amendments to improeedtop
yield of the resource poor farmer in the study area

2. Materialsand M ethods

2.1 The Sudy Area

The study was carried out between February and, R0 at fadama areas of Lushi and Federal Low-cos
housing estate in Bauchi metropolis, northern guisavanna zone of Nigeria. The area is located dastw
longitudes 8 00' and 1030’'N and latitudes 930’ and 18 30°'E. The climate of the area is characterizedhig
temperature and seasonal rainfall with a maximumpezature of up to about 32 and an annual mean rainfall
range of between 1000-1250mm. Mustaphal. (2003a) had described the fadama soils of tt@a as Haplic
Plinthaquults.

2.2 Soil Sampling and Handling

A total of 30 composite samples were collected ating to the pedogenic horizons at the two locatifirushi
and Federal Low-cost fadama areas) and kept inddhbmolythene bags for easy identification. Theeméd
samples were air-dried in the laboratory until astant weight was obtained. The samples were thewmnd
using porcelain pestle and mortar and sieved thr@ug@mm stainless steel sieve. The fine groundsswiiples,
collected in separate polythene bags, were usedrfalyses at the Soil Science Laboratory of thebakar
Tafawa Balewa University, Bauchi.

2.3 Laboratory Analyses

The processed soil fractions were subjected toréiboy analyses according to the procedure oudinPagect

al. (1982). Particle size distribution and micro aggte stability, which involved the determinatiohtloe
amounts of silt and clay in calgo-dispersed as aglvater-dispersed samples using the Bouyoucasimgder
method of particle size analyses, was done acapitdinhe procedure described by Gee and Or (2@&i) pH
was determined in water at a 1:1soil to water rating glass electrodpH meter. Organic carbon was
determined using the wet oxidation method (Walldeg Black, 1934). Micro-Kjeldhal digestion methauid,
1979) was used to determine total N and availablea® extracted by sodium bicarbonate solution (©ked
Summers, 1982). Exchangeable bases (Ca, Mg, K ajdviire extracted in INNH4AC (1 normal ammonium
acetate) and Ca and Mg in the extracts were detedniising Atomic Absorption Spectrophotometer while
and Na were determined using flame photometer (Hsorh982). The CEC was determined by saturating the
soil with INNH4AC solution, and all the cations plEced into the soil solution were summed up. Telable

Zn and Cu were extracted using 0.1 MHCL solutiod #re elements in the soil solution were determibgd
atomic Absorption Spectrophotometer.

2.4 Data Analyses

The data obtained were analyzed using GenStat sgoedition 4.2. Significantly different means wer
separated using the least significant differenc8). Simple descriptive statistics including meand aange
were also used.

3. Resultsand Discussion
Particle size distribution and organic matter coht# the soil at the study area, Lushi and Fedeval-cost, are
presented in Table 1. The particle size distributib the soils indicated a clay loam texture wtk thean value
of sand, silt and clay content being 29.0 (ranges3¥.5), 33.1 (range=24.8-43.2) and 33.2 (range2=39%.2),
respectively for Lushi soils and 22.3 (range= 12633), 25.4 (range=15.5-37.2 ) and 52.3 (range=83.3 ), in
that order, for federal Low-cost soils. At both dtions, silt content significantly (p<0.05) decresmsvith soil
depth. Conversely, the amount of clay increasasfsigntly (p<0.05) down the soil profile (Table. 1IMustapha
(2007) in an earlier study of fadama soils at fiseations reported the predominance of silt in mafsthe
surface soils and the author attributed it to ahaeposition through seasonal flooding. The inceemsclay
down the soil profile may be as a result of theaeah of the fraction by surface run-off and alsoilbuviation
(Mustaphaet al., 2011) which is a common phenomenon in soil & tlorthern guinea savanna agro-ecology
(Voncir et al., 2008). The high silt and clay contents may be tuseasonal flooding which transports and
deposits these fine soil fractions, giving thesgafaas the characteristic of clay loam dominatidnis agrees
with Davey and Johnston (1956) who described fadaasalepressions with heavy clay.

The organic C content of the soils at the both Lasid Fedaral Low-cost fadama soil did not differed
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significantly (P>0.05) with soil depths (Table I)daranged from 2.5-3.8 (mean=3.1). The mean vabfi¢ke
organic C were generally low according to the gginf Esu (1991). Lombin (1983) and Mustapha andl®&n
(2007) reported similar low values of organic C $wmils in the guinea savanna zones of Nigeria.i Qt896)
reported that soils with high accumulation of Cag Bind Na salts have low organic matter, and inkfria
organic carbon.

The chemical properties of the fadama soils atwhestudy sites (Table 2) showed that gbll ranged
from 5.23-6.40 (mean= 5.36) and 4.80-6.49 (mear®9)5at the Lushi and Federal Low-cost fadama areas,
respectively. Though generally acidic, thid values did not differed significantly (p>0.05) visoil depths at
both locations. The highgH reaction (Lushi=5.23; Federal Low-cost=4.80) &t tipper part of the profile (0-
15cm) at both locations may be attributed to theaneal of basic cations from the surface of the swilower
depths and probably the use of acid-forming feeiis such as urea (Voneiral., 2008; Mustaphat al., 2011).

Mean values for P and Ca (Table 2) did not diffesgghificantly (p>0.05) with soil depths at both
Lushi (P=6.45mg K¢; Ca=2.26mg Kg) and Federal Low-cost (P=6.61mgkdCa=2.31mgKd). According to
the ratings of Esu (1991) the P and Ca conterttefbils were rated as low and medium, respectiviely, K,
and Na recorded mean values of 3.65cmof' K@ 47cmol K@, and 0.28cmol Kg, respectively at the Lushi
fadama soils; which were also similar to the mealues of Mg (3.36cmol K8, K (0.38cmol Kg') and Na
(0.26¢cmol K@) obtained at the Federal Low-cost fadama soilbira). These nutrient elements were rated as
high (Esu, 1991). A relatively medium to high carieof K and Mg was reported by Mustapgal. (2011) in a
similar study.

Zinc content increased significantly (p<0.05) frtime upper part of the soil (0-15cm) down the subsoi
(30-45cm) and rated as low (Appendix 1) at bothhidadama soils (range=0.52-2.42mg ¥gnean=1.36mg
Kg™t) and Federal Low-cost fadama soils (range=0.82+¢) Kg'; mean=1.36mg K{) (Table 2). Copper
contents of the studied soils were also low andasUdiffered significantly with soil depth. The meaalue of
Cu were 0.35 mg K§ (range=0.52-0.84 mg K% and 0.83 mg K§ (range=0.50-1.28 mg Kj at Lushi and
federal Low-cost fadama soils, respectively. Fagbat al. (1985) reported that clay content is positively
related to Zn and Cu availability; that is, Zn &d are most abundant where clay is high. Maciag3)Lalso
linked Zn and Cu availability to exchangeable bases

4. Conclusion

The levels of the micronutrients (Zn and Cu) in twe fadama soils investigated were low. The atility or
deficiencies of other nutrient elements in the aod related to Zn and Cu availability in the seitgler study.
Soil amendments of Zn and Cu and/or applicatiomegbmmended quantities of other key nutrient elémen
would enhance the availability of these micronuttsefor optimum yields of crops for the resourcepfarmer

in the study area.
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Table 1: Physical Properties and Organic Matter Content of Soils at (a) Lushi Fadama and (b) Federal
L ow-cost Fadama

Depth(cm) Sand Silt Clay Organic C Textural class
(a) L ushi Fadama soils
0-15 21.5 43.2 33.2 3.0 Clay loam
15-30 375 31.2 29.2 25 Clay loam
30-45 28.0 24.8 37.2 2.1 Clay loam
Grand Mean 29.0 331 332 25
L SD(p<0.05) ns 5.26 2.85 ns
(b) Federal L ow-cost Fadama Sails
0-15 19.5 37.2 43.5 3.8 Clay loam
15-30 26.2 23.5 48.2 2.9 Clay loam
30-45 21.2 15.5 65.2 25 Clay
Grand Mean 22.3 254 52.3 31
L SD(p<0.05) ns 7.52 4.32 ns

Key: CL=clay loam; C =Clay; ns=not significant

Table 2: Chemical Properties of soil at (a) Lushi Fadama and (b) Federal L ow-cost Fadama ar eas

Depth pH P Ca Mg K Na Zn Cu
(cm) (LDH,0  (mgkg!) (mgKg!) cmolKg® cmolKg® cmolKg® mgKg? mgKg?
L ushi Fadama Soils

0-15 5.23 7.64 2.57 3.84 0.52 0.21 0.52 0.52

15-30 5.44 5.43 2.08 3.60 0.45 0.25 1.14 0.82

30-45 6.40 6.27 2.14 3.51 0.45 0.38 2.42 1.18

Grand Mean 5.36 6.45 2.26 3.65 0.47 0.28 1.36 0.84

LSD(p<0.05) ns ns ns ns ns ns 0.51 0.35
Federal Low-cost Fadama  soils

0-15 4.80 6.15 2.35 2.58 0.42 0.25 0.84 0.50

15-30 5.47 5.93 2.54 421 0.40 0.21 111 0.72

30-45 6.49 7.74 2.05 3.28 0.32 0.31 2.02 1.28

Grand Mean 5.59 6.61 231 3.36 0.38 0.26 1.32 0.83

LSD(p<0.05) ns ns ns ns ns ns 0.54 0.43

ns =not significant
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Appendix 1: Ratingsfor soil fertility classes

Parameter Very low L ow Medium High Very high Units

Zn <1.0 1.0-1.5 1.6-3.0 3150 >50 Mg Kg

Cu <1.0 1.0-2.0 2.1-4.0 41-6.0 >6.0 MgKg

Fe <2.5 2.5-5.0 >5.0 mg Kg

Mn <1.0 1.0-2.0 2.1-3.0 3.1-5.0 >50 mgKg

N <1.5 1.5-2.0 >.2.0 g Ky

P <10 10-20 >20 g Ky

K <0.15 0.15-0.30 >0.30 cmol Kg
Ca <2 2-5 >5 cmol K§

Mg <0.3 0.3-1.0 >1.0 cmol Ky

Na <0.2 0.2-0.3 >0.3 cmol Ky
0.C. <10 10-15 >15 g Kg

Source: Esu (1991)

Appendix 2: Soil Reaction (pH) and CEC Ratings

Soil reaction (pH)

Cation Exchangeable Capacity (C E C)

Extremely acid 4.5 Very low <6.0 cmol.Kg
Very strongly acid 4.6-5.0 Low 6.0-11 cmolkg
Strongly acid 5.1-5.5 Moderate 12-25 cmolkg
Moderately acid 5.6-6.0 High 26-40 cmolkg
Slightly acid 6.1-6.5 Very High >40 cmol.Kg
Neutral 6.6-7.3

Slightly Alkaline 7.4-7.8

Moderately Alkaline 7.9-8.4

Strongly Alkaline 8.5-9.0

Very strongly Alkaline  >9.0

Sour ce: Black (1965)
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