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Abstract: The present study was conducted at selected peasant association of Ambo District to set soil
analytical quality protocols and determine the status of selected soil macronutrients. A list of all the reagents
used to conduct the soil analytical procedures described in the present study was given under materials and
methods. The storage requirements for many of the reagents used were specified to ensure reliable performance.
The source, preparation and testing of standards are described in all the procedures given for each parameters
undertaken in the present study. Surface soil samples from (0-20 cm) were collected from Lathyrus sativus
cultivated lands of the three sites viz., Gergis, Kisose and Muja peasant associations. The method validation
and quality control procedures were employed along with soil sample analysis. One way ANOVA test (p = 0.05)
was employed to compare the mean of soil parameters. The highest soil pH value was seen at Kisose site
(7.85±0.010) and lowest at Muja site (7.29±0.015) and values were in slightly basic range. The electrical
conductivity, determined were 150.33±8.03 µS/cm at Gergis site was the maximum value which was lower than
critical value of salinity. The CEC (mg kg ) value were found highest at kisose site (82.67±3.06), lowest at1

Gergis site (50.00±2.00) and the results obtained were well for cultivation of the lands. The decreasing order of
the exchangeable bases i.e. Ca , Mg , K and Na were obtained in the three sites. The percent TN determined2+ 2+ 2+ +

were 0.06±0.01, 0.07±0 and 0.09±0.01 01 at Gergis, kisose and Muja sites, respectively. As compared to Muja
site, available P (mg kg ) was highest 8.58±0.22 at Gergis site and lowest 1.60±0.02 at Kisose site. The Total1

P (mg kg ) values were (12.18±0.25), (3.53±0.31) and (2.43±0.40) at Gergis, Kisose and Muja, respectively1

indicating that, cultivated land were poor in P. The available and total K values at Muja, Kisose and Gergis sites
were, respectively(325.87±43.30, 4130±20.23), (301.00±31.65, 4130.5±18.82) and (226.13±31.95, 4003.8±1.30 mg
kg ) mg kg . Result indicated total Ca  and Mg  (5896.00±213.87, 730.6±13.12), (4752.90±115.94, 671.20±13.80)1 1 2+ 2+

and (4548.20±231.88, 677.50±15.06) mg kg were recorded at Gergis, Muja and kisose sites respectively.-1
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INTRODUCTION measuring a minimum data set of soil properties to

Soil  quality  is  the  capacity  of  a  specific  kind of such as maintaining productivity, regulating and
soil to function within natural or managed ecosystem partitioning of water and solute flow, filtering and
boundaries to sustain plant and animal productivity, buffering against pollutants and storing and cycling
maintain  or  enhance  water  and air quality, support nutrients. When measuring soil quality, it is important to
human health and habitation. It also describes the evaluate the physical, chemical and biological properties
potential  utility  of  soils  in  landscapes  resulting from of the soil. Soil quality integrates the physical, chemical
the  natural  combination   of   soil   chemical,   physical and biological components of soil and their interactions
and biological attributes. It is generally assessed by [1].

evaluate  the  soil’s  ability to perform basic functions
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Soil quality forms the basis for a sustainable Ambo town. The sampling site locations were facilitated
agriculture. Sustaining soil and environmental qualities by GPS system: Muja site latitude between 08° 99'54" -
are the most effective method for ensuring sufficient food 08°99'61" N and longitude between 37°87'74"-37°87'81" E,
supply to support life. Soil quality can be determined from Kisose site latitude between 08°98'04"- 08°98'10"N and
a variety of soil properties, the selection of which may be longitude between 37°90'51"-37°90'60" and Gergis site
partially dependent upon land use. Indicators of soil latitude between 08°98'15"- 08°99'03" N and longitude
quality will reflect important soil functions [2]. 37°58'64"-37°88'68"E in Ambo District, Oromia Regional
Maintaining soil quality mainly depends on the State, Ethiopia. These study sites were selected randomly
knowledge of the physicochemical properties of a given which can represents less fertile farming lands in these
soil [3]. Soil mineral nutrients, classified as macro or two Peasant Associations.
micronutrients, are usually obtained from the soil.
Elements needed in relatively large amounts are referred Glass wares, Apparatus, Instruments and Chemicals
to as macronutrients while those needed in smaller relative used: Polyethylene bottles, polyethylene bags, pH-meter
amounts are known to be micronutrients. Soil (ELMEIRON®Zabrze-Grzybowice, POLAND), volumetric
macronutrients such as nitrogen (N), phosphorus (P), flasks, pipettes, burette, measuring cylinder (10, 25, 50 mL
potassium (K), Calcium (Ca), magnesium (Mg) and sulfur and 100 mL), Erlenmeyer flasks, beakers, Kjedhal
(S) are very essential for plant growth. Of the digestion, kjedhal flask 250-mL capacity flask with
macronutrients, N, P and K are called the primary elements condenser, a heating mantle, a 0.45-µm type membrane
while Ca, Mg and S are considered secondary elements. filter paper (Whatman®, No. 42, England), a mortar with
However, soil degradation and nutrient depletion have pestle, a 0.5 mm and 2 mm size sieves, electronic analytical
gradually increased and become serious threats to balance with±0.00001 g precision (AA-200DS, Denver
agricultural productivity in Ethiopia in general and in the Instrument Company), Conductivity Meter (SCHOTT-
present study area in particular [4]. GERATE GmbH. Hattenbergstr.10, SX713)), ESCO

Knowledge about an up-to-date status of soil FRONTIERTM Laboratory Fume Hood (Model: EFH-4A1,
macronutrients of crop lands plays a vital role in Singapore 486 777), ELICOR CL 378 Flame Photometer,
enhancing production and productivity of the agricultural ELICO-SL 194 Double Beam Atomic Absorption
sectors on sustainable basis. However, practically Spectrophotometer and ELICOR SL 160 Double Beam UV-
oriented basic information on the status and management Vis Spectrophotometer were used. The HNO  (65.0-68.0%,
of soil macronutrients as well as their effect on soil quality UNI-CHEM  Chemical reagents, India), HClO  (70-72 %,
to give recommendations for optimal and sustainable UNI-CHEM  Chemical reagents, India) and 30.0% H O
utilizations of crop land remains poorly understood. (UNI-CHEM  Chemical reagents, India) were used for the
Therefore, this study was conducted with specific sample  digestions.   NaCl  (99.80%,  UNI-CHEM
objectives to explore the soil analytical quality protocols Chemical reagents, India) and anhydrous extra pure
and determine the status of selected macronutrients in K HPO  (98-99%, KIRAN LIGHT LABORATORIES™),
representative soil collected from cultivated land from CaCl .3H O (UNI-CHEM , chemical reagent), MgCl .6H O
selected Peasant Association in Ambo District, West (UNI-CHEM , chemical reagent, Analytical grade crystals)
Shoa Zone, Oromia Regional State, Ethiopia. were used for the preparation of Na, K, P, Ca and Mg

stock standard solutions, respectively. Disodium salt of
MATERIALS AND METHODS EDTA (99%, UNI-CHEM  Chemical reagents, India), EBT

Description of the Study Area: The present study was hydrous (99%, Scientific Limited Northampton, United
conducted in Ambo District, West Shoa Zone, Oromia Kingdom) and Stannous chloride were used for
Regional state, Ethiopia. The soil samples were collected determination of phosphorus. The H SO  (98.0%, UNI-
from three different locations of Lathyrus sativus L. CHEM® Chemical reagents, India), digestion mixture
cropped lands during February, 2014. The study sites (18.018gm of K SO , 1.8018 gm of CuSO  and 0.18018gm of
Gergis and kisose sites are located in Ido liban kisose TiO ), NaOH (UNI-CHEM , chemical reagent) were used
Peasant Association, which is located in north-eastern for determination of total Nitrogen. Sodium acetate (UNI-
nearby Ambo town and Muja site is located in Ilamu Muja CHEM  Chemical Reagent), Acetic acid (UNI-CHEM
Peasant Association in the eastern direction of nearby Chemical Reagent) and ethanol (99.5 %, UNI-CHEM
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Chemical Reagent, India) and 0.1 N NaOH (UNI-CHEM Cleaning of Laboratory Glassware: All the glass wares®

Chemical Reagent) were used for determination of CEC.
Antimony Potassium tartrate (UNI-CHEM  Chemical®

Reagent). Methyl orange indicator, KCN, EBT,
Ammonium Chloride-Ammonium hydroxide buffer and 1N
NaOH solution were used for determination of
exchangeable base. Sucrose (HIMEDIA®, AR.) were used
as Blank in a case of controlling methods. Distilled water
was used for all preparations and dilutions of solutions.

Sampling Procedure and Cleaning Equipments: All
polyethylene bags and stainless steel shovels for soil
sampling were thoroughly washed with tap water and
detergent (except for phosphorus -used chromic acid),
rinsed with distilled water and then rinsed with 10% (v/v)
HNO  (except for TN, 10% (v/v) of HCl were used). All3

polyethylene bags used for soil sampling for P analysis
were thoroughly washed with tap water and well rinsed
with chromic acid followed by distilled water and then
rinsed with 10% (v/v) HNO . After that, all containers3

were well-rinsed with distilled water routinely, air dried
and stored with the caps on to prevent contamination [5].

Soil Sampling, Preservation and Transportation: Soil
sampling was done for pH, EC, CEC, Exchangeable base
measurement and determination of Ca, Mg, N, P and K
levels in fields planted to Lathyrus Sativus L during the
previous season. Soil sampling of the study sites was
taken from depth of 0-20 cm during February 2014. These
representative soil samples were collected from each of
the sites by zigzag sampling technique, transferred into
polyethylene bags and transported to chemistry
laboratory, Ambo University. From the composite
samples, sub-samples weighing approximately 1kg were
taken to the laboratory for analysis. Then the soil sample
were air dried, grounded using mortar and pestle and then
passed through 2 mm sieve for chemical analysis. 

Laboratory Sample Analysis and Calibration of
Analytical Balance: The AA-200DS Model electronic
analytical balance was calibrated first properly using a
known 100 g calibration weight provided with the
instrument by the manufacturer. Seven replicate
measurements were taken to check the analytical balance
performance. The calculated experimental mean,
100.0021g, was compared with a known 100 g by using t-
test. At 95% CL, there is no significant difference between
the experimental mean and a known (µ) 100 g. Therefore,
the analytical balance was ready for use [6].

and apparatus used through the entire analysis were first
washed with tap water and detergent (except in case of P
in which chromic acid was used). Next, rinsed with
distilled water and followed by 10% (v/v) HNO  (except3

for TN, 10% (v/v) of HCl were used) solution. Finally,
rinsed again with distilled water and air dried to ensure
that free from contamination. The electrical conductivity
in soil samples was measured with conductivity meter.
The device was calibrated with 0.01 M KCl solution
following the procedures given in the manufacturer’s
instruction manual before the measurements were made.

Classical Methods of Soil Sample Preparation,
Measurement and Analysis: Soil pH was determined in
distilled water solution using a soil - water ratio of 1:2.
20.00 g air dried soil sample that passes through 2 mm
sieve was weighed to 250 mL stoppered plastic bottle and
40 mL distilled water were added. The soil suspension was
shaken for one hour using orbital shaker set at 150 rpm.
The pH of the soil suspension was measured using pH
meter that was calibrated using buffer pH at 4.0, 7.0 and
10.0 that bracketed the pH of the soil suspension.
Between each pH reading value, the electrode was rinsed
with distilled water [7]. The exchangeable cation bases
(Ca , Mg  K  and Na ) were extracted with 1.0 M2+ 2+, + +

ammonium acetate at pH 7.0 and K  and Na  determined+ +

by flame photometry and Ca  and Mg  by EDTA2+ 2+

titrations [8]. The CEC of soil was measured by saturating
the soil with 1 M NH OAc at pH 7 followed by distillation4

and titration [9].

Sample Digestion and Distillation for the Analysis of Soil
Total Nitrogen (TN): The TN of the soil was determined
by Kjedahl digestion method [10]. About 1.0 g of air dried
soil sample that passes through 0.5 mm sieve was
weighed and quantitatively transferred into digestion
tube.   To    each     digestion   tube  2 g  mixed catalyst
(1/2 spoon) and boiling chips were  added  and  mixed.
The digestions were rinsed with a little distilled water just
enough to moisten the mixture. A 7mL of concentrated
H SO  was added to each digestion tube and mixed by2 4

swirling. The contents were digested on a block digester
preheated to 300 °C and digested for 3 hours. When
digestion was completed the content of the tube was
allowed to cool 50 mL of distilled water was added and
cooled again. The acid digestive was transferred
quantitatively to 250 mL capacity kjeldhal flask and tube
was rinsed with distilled water small portions at a time.
About 20 mL of 2% boric acid solution was measured from
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Table 1: Instruments operating conditions for calibration and sample analysis.
FAAS Working Conditions

Element Wavelength (nm) Slit Width (nm) Lamp Current (mA) Oxidant/Fuel
Ca 422.7 0.7 4.0 Air/Acetylene
Mg 285.2 0.2 4.0 Air/Acetylene

UV-Vis Spectrophotometric Working Conditions
Element Wavelength (nm) Band Pass (nm) Cell Type Cell Length (cm)
TP 711 1.8 Quartz 1cm
Available P 711 1.8 Quartz 1cm
P- sorption 711 1.8 Quartz 1cm

Flame Photometric Working Conditions
Element Wavelength (nm) Flame System
Na 589 Air/C H4 10

K 769 Air/C H4 10

Table 2: Prepared calibration standards for Ca, K, Mg, Na and P (for total and available)
Calibration Standard Solutions (mg/L)
--------------------------------------------------------------------------------------------------------------------------------------------------

Analyte S S S S S S0 1 2 3 4 5

K (Total) 0.0 2.0 5.0 25.0 50.0 100.0
K (available) 0.0 2.0 8.0 16.0 32.0 64.0
K (Exchangeable ) 0.0 5.0 10.0 15.0 20.0 25.0
Ca (Total) 0.0 2.0 4.0 8.0 16.0 32.0
Mg (Total) 0.0 0.1 0.25 0.5 0.75 1.0
P (Total and available) 0.0 0.2 0.4 0.6 0.8 1.0

dispenser in to receiver Erlenmeyer flask corresponding to distilled water and diluting to 1 L. For Ca 1000 mg/L
the number of sample. Two drops of mixed indicator were solution was prepared by dissolving 0.9165 g of
added into the Erlenmeyer flask and placed under the CaCl .3H O in distilled water and diluting to 1L. For Mg
condenser in which the tip of the condenser was dipped 1000mg/L solution was prepared by dissolving 2.1005 g of
into boric acid solution. Slowly 70 mL of 40% NaOH was MgCl .6H O in distilled water and diluting to 1L.
added by letting it to run down the neck of the distillation
flask. The content of the flask was shaken by swirling and Working Standard and Calibration of Solutions: The
heat turned on. When about 80 mL distillate was working standard solutions for each analyte (100 mg/L,
collected, the receiver was removed. The distillate was Ca, Mg, Na and K) were prepared by taking 10 mL of
titrated from green to pink end point with 0.1 N H SO [11]. individual stock solutions in a separate 100 mL volumetric2 4

The moisture content of soil sample was obtained before flasks and diluting to the mark with distilled water. The
analysis. Approximately 5 g of fine soil sample to tarred calibration standard solutions were used to calibrate the
moisture Aluminum foil and weighed with 0.001 g instrument response with respect to the analyte
accuracy. Then the soil was dried overnight at 105 °C and concentration. Standard solutions of six points (including
after removed from oven it was cooled in desiccators [12]. calibration blank) were prepared for each analyte from

Instrumental Methods of Analysis and Working Ca, K, Mg and Na). The calibration standard
Conditions: The FAAS (for Ca and Mg analysis), flame concentrations were within the working linear range of the
photometer (for Na and K analysis) and UV-Vis instrument used for analysis. The prepared calibration
spectrophotometers (for TP, available P and P-sorption standards: calibration blank (S ), standard 1 (S ), standard
analysis) were used. 2 (S ), standard 3 (S ), standard 4 (S ) and standard 5 (S )

Preparation of Stock Solutions of Ca, K, Na and Mg
Standards: For Na 1000 mg/L solution was prepared by Spiking Metal Standard Mixture Solution and P Standard
dissolving 2.5418 g NaCl dried at 105 °C, in distilled water Solution: Standard mixture solution consists of all the
and diluting to 1 L. For K 1000 mg/L solution was metals of interest at different concentrations (Ca = 8, Mg
prepared by dissolving 1.907 g KCl dried at 105 °C, in = 0.5, K= 25 and P= 0.6 mg/L) was prepared by taking 20,

2 2

2 2

their respective working standard solutions (100 mg/L for

0 1

2 3 4 5

for each analytes are given in Table 2.
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1.25, 20 and 10 mL of Ca, Mg, K and P stock standard g precision, Burette (50mL) and ELICO  SL 160 Double
solutions (1000 mg/ L), respectively, in to 100 mL Beam UV-Vis Spectrophotometer were used. HClO  (70-72
volumetric flask and diluting to volume with distilled %), anhydrous extra pure K HPO  (98-99 %), stannous
water. chloride solution, Dickman and Bray's ChloromoLybdic

Calibration Blanks/Instrument Blanks: Distilled water
was used as a calibration blank for K, Na, P determination Analytical Procedure (Sample Digestion): The available
by flame photometer and UV-Vis spectrophotometer and P was determined by the Olsen method. The total P of the
2% (v/v) HNO  in 1000ml distilled water prepared was soil was determined by Kjedahl digestion method. 2.000 g3

used as a calibration blank for Ca and Mg determination of air dried that passes through 0.5 mm sieve soil sample
by AAS. was weighed and quantitatively transferred into digestion

Laboratory Reagent Blank and Laboratory Fortified: added. The contents were digested on a block digester
Laboratory Reagent Blank (LRB) was used to determine preheated to 150 °C and digested for 50 minutes. When
the contribution of the reagents and the preparative digestion was completed the content of the tube was
analytical steps to error in the measurements. Laboratory allowed to cool. 50 mL of distilled water was added and
Fortified Blank (LFB) was used to evaluate laboratory cooled again. The solution was filtered through whatman
performance and analyte recovery in a blank matrix [5]. For No. 42 into vials (100mL) and the vials were filled up to its
soil analysis, LFB is a reagent sucrose sample to which a marks by washing the residue [8].
known concentration of the analytes of interest has been
added and LRB is reagent sucrose consist of all reagents Estimation of Instrument and Method Detection Limit:
that normally are in contact with a sample during the The IDL is the concentration equivalent to the analyte
entire analytical procedure. LFB was 1g of sucrose sample signal which is equal to three times  the  standard
plus 2 mL of hydrogen peroxide,  0.5  mL  conc.  HNO  and deviation  (s)  of  a  series of seven replicate3

3 mL of HClO , that spiked with an accurately measured 2 measurements of the  calibration  blank  signal  at  the4

mL of the metals standard mixture solution giving same wavelength as the analyte to be investigated i.e.
concentrations of 8 mg/L of Ca, 8 mg/L of K, 0.5 mg/L of IDL= 3S (EPA Method 2005). The U.S. EPA defines MDL
Mg in 100 mL of digested. For total P analysis of soil LRB as “the minimum concentration that can be measured and
was 2 g of sucrose sample plus 30 mL of HCLO  that reported with 99% confidence that the analyte4

spiked with an accurately measured 0.6 mg/L of P - stock concentration is greater than zero [7]. To determine the
solution. MDL, an analyte -free matrix (sucrose) were spiked with

Laboratory Fortified Matrix and its Duplicates Analysis: times the estimated IDL. MDLs were established for all
Laboratory-fortified matrix (LFM) was used to evaluate analytes. A minimum of seven replicate aliquots of the
analyte recovery in a sample matrix. It was prepared by fortified sucrose were took and processed through the
spiking an additional portion of a sample with known entire analytical method. From these measurements, a
amounts of the analytes of interest [5, 15]. For Ca, Mg and standard deviation (s) and the MDL were calculated
K analysis, LFM was prepared from each soil sample by according to the formula:
spiking 1 g of soil samples with 2 mL of Ca, Mg and K
standard mixture solution, respectively and processed MDL = s x t (1)
through all of the sample preparation and analysis steps.
For TP analysis of soil samples, LFM were prepared in where t is obtained from “Student’s t value table”,
similar way of LFB using sample matrix instead of sucrose. corresponding to degree of freedom df = n-1, where n is
The duplicates of LFM for soil sample were performed in the number of measurements [13].
similar way. Evaluation of analytical precision, accuracy and

Analysis of Available and Total Phosphorus evaluated in terms of % recoveries from LFB and LFM.
Apparatus and Reagents: Block digester (KDN-20C The analytical method precision was assessed in terms of
Heating Digester), vials (100mL), volumetric flask (100, 250 relative percent differences (RPD), relative standard
and 1000 mL), electronic analytical balance with±0.00001 deviation (RSD) and standard deviations (SD) among

R

4

2 4

acid regent 1.5% were used.

tube. To each digestion tube 30 mL HCLO  (70-72 %) were4

the target analyte at a concentration that is three to five

recovery: Accuracy of the analytical methods was



Spiked sample value - Sample value% Recovery on spike = 100
Spiked value

×

LFM or LFB result - Duplicate result% RPD = 100
(LFM or LFB result + Duplicate result)/2

×
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1
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n
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−

sRSD = x 100 = CV x 100
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measurements. The % recoveries from LFM and its
duplicate or LFB and its duplicate were estimated
according to the following [14].

(2)

The RPD between LFM and its duplicate or between
LFB and its duplicate were determined from the following
equation [5]:

(3)

The standard deviation was assessed using equation
[15]:

(4)

The other term is relative standard deviation (RSD)
which is given as follows:

(5)

where CV denotes coefficient of variation [16].

Data Analysis: The generated data were treated with one-
way ANOVA to assess the variations of the parameters
among the soil samples analyzed by using IBM SPSS
Statistics 20 version software.

RESULTS AND DISCUSSION

Soil pH and Electrical Conductivity (EC): The results
determined for the pH  and  EC  are  given  in  Table  3.
The soil pH value of each site determined was above 7.0
and it indicates that these soils are slightly in the alkaline
range. The results show that Kisose (7.85±0.01) site soil
is more alkaline than Gergis (7.37±0.03) and Muja
(7.29±0.02) sites. Therefore, all the studied representative
soil sites were in the optimum pH range condition and are
good for cultivation. The pH of each site determined was
suitable for crop production. The results of one-way
ANOVA test (p = 0.05) indicated that the pH were
significantly different among the soils of the selected
study sites. The EC express the extent of ions present in
the  soil   solution  and   the   results   of    this   study  are

Table 3: Mean*±SD of selected chemical properties of soils used in the
study.

Soil sampling sites
-----------------------------------------------------------------

Parameter Gergis Kisose Muja

pH 7.37±0.03 7.85±0.01 7.29±0.02
EC (µS/cm) 150.33±8.03 137.43±0.67 149.50±4.63
CEC (meq/100 g) 50.00±2.00 82.67±3.06 77.60±0.40
Ex. Ca(meq/100 g) 53.35±1.62 73.85±0.61 66.91±1.20
Ex. Mg(meq/100 g) 12.72±1.84 11.20±0.61 15.60±2.08
Ex. K (meq/100 g) 0.35±0.00 0.37±0.00 0.37±0.00
Ex. Na (meq/100 g) 0.17±0.00 0.17±0.00 0.18±0.00
TN (%) 0.06±0.01 0.07±0.01 0.09±0.02
Av. P (mg/kg) 8.58±0.22 1.60±0.02 1.73±0.10
TP (mg/kg) 12.18±0.25 3.53±0.31 2.43±0.40
Av.K(mg/kg) 226.13±31.95 301.00±31.65 325.87±43.30
TK (mg/kg) 4003.80±1.30 4130.50±18.82 4130.00±20.23
TCa (mg/kg) 5896.00±213.87 4548.20±231.88 4752.90±115.94
TMg (mg/kg) 730.60±13.12 677.50±15.06 671.20±13.80

*pH, EC, CEC, Ex. Base, Av. P and Av. K were analyzed in three
replicates and TP, TCa, 
 TMg and TK were analyzed in five replicates analysis. 

presented in Table 3. The mean values of EC (µS cm )1

were 150.33±8.03 for Gergis, 137.43±0.67 for kisose and
149.50±4.63 for Muja. From this study it was observed
that, Gergis soil sample had the most ions holder than
Kisose and Muja soil samples. Analysis of one-way
ANOVA between the soil (p = 0.05) indicated that the EC
between the soils was significantly different.

Soil Exchangeable Bases andCation Exchange Capacity:
Results of the exchangeable base obtained in the study
are given in Table 3. The results of the study indicate that
exchangeable Ca  were highest and exchangeable Na2+ +

were the lowest. The soil exchangeable Ca  was highest2+

at kisose site (73.85±0.61) than Gergis (53.35±1.62) and
Muja (66.91±1.79) sites. All  the  results,  exchangeable
Ca  cation in each site are highest and it indicates that2+

there was no deficiency on Ca  exchangeability in the2+

studied soils. Exchangeable Mg  was  lower  at  kisose2+

site (11.2±0.61) than Gergis (12.72±1.84) and Muja
(15.6±2.08) sites. All the  results,  of  exchangeable  Mg2+

in each site were higher and it indicates that there was no
deficiency of Mg exchangeability in the studied soils.2+

The exchangeable K  0.35±0.00 at Gergis, 0.37±0.00 at+

Kisose and 0.37±0.00 at Muja sites were obtained and
these value shows that the exchangeable K  at Kisose and+

Muja sites were equal and higher than the value obtained
at the Gergis site. The exchangeable Na  results were the+

least result recorded in all the studied soil sample of each
sites.  The  mean  values of these results were 0.17±0.00 at
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Gergis and Kisose  and  0.18±0.00  at  Muja  sites.  One Method Validation (MV) and Quality Control Results: To
way  ANOVA  test  (p  =  0.05)  results indicates that all validate  the  analytical  performance   of   the  analysis the
the exchangeable cations results were significantly instrument detection limit and method detection limit were
different. determined for each of the analytes (Ca, Mg, K and P)

The Cation Exchange Capacity (CEC) of a soil is a analyzed by instrumental methods.
measure of the quantity of negatively charged sites on The IDL of each of the analytes (except for Na  and
soil surfaces that can retain  positively  charged ions K , the instrument were only verify the concentration in
(Ca ,  Mg ,   K    and   Na )   by  electrostatic  forces. The mg/L, has no emission intensity) determined by2+ 2+ + +

cations retained electrostatically are easily exchangeable instrumental methods were determined from seven
with cations in the soil solution, so a soil with a higher replicate measurements of the instrument blanks and
CEC has a greater capacity to maintain adequate calculated using equation: IDL = 3SD. The results are
quantities of Ca , Mg  and K  than a soil with a low CEC. given in Table 4. The MDL of the analytical methods for2+ 2+ +

The soil CEC of Gergis, Kisose and Muja sites determined the analyte were determined from seven replicates of
were found in Table 3. The results showed that Results Laboratory reagent spiked with the target analyte at a
showed that the CEC values are 82.67±3.06 for Kisose, concentration  four   times    the   predetermined
77.60±0.40 for Muja and 50.00±2.00 for Gergis. Thus, instrument detection limit (IDL) of each analyte and
results indicate there was sufficient amounts of the calculated using equation: MDL = (SD)t. These calculated
required cations founds in farming lands. Analysis of one- values represent the measured minimum concentration of
way ANOVA between the soil (p = 0.05) indicated that the the analytes and the values reported with 95%
CEC between the soil was significantly different. confidences that the analyte concentration is greater than

Analysis of Total Nitrogen (TN): The results determined
for the TN are also given in Table 3. Nitrogen (N) is an Calibration Standards: Since the instrument display
essential nutrient used in relatively large amounts by all directly the concentration unit (in mg/L) instead of
living things. It is critically important to plants because it measuring the emission intensity, calibration standards
is a fundamental part of the chlorophyll molecule and is were verified at a specified wavelength through direct
essential in the formation of amino acids and proteins. analysis of the five point calibration standards along with
The percent TN determined at Gergis, Kisose and Muja the calibration blank for a background correction for the
sites were, respectively 0.06±0.01, 0.07±0.01 and 0.09±0.01. two elements. 
These results were somewhat lower and the land needs
additional nitrogen for good crop productivity. Analysis Laboratory Fortified Blank and its Duplicate Analysis:
of One way ANOVA test results between the soil at p = To assess the overall contamination during the laboratory
0.05 shows that the % TN between the soil were not sample analysis, laboratory fortified blank (LFB) were
significantly different. carried out in seven replicates along with the samples

Instrumental Analysis of Soil Samples: Flame Furthermore, to evaluate the efficiency of the analysis
photometric method was used for the analysis of soil seven  replicates   of  LFB  duplicate  were  passed
exchangeable (Na  and K ) ions, the total and available through the same procedure as LFB and samples.+ +

based on the principles of Emission of electromagnetic Consequently,  the  mean  recoveries were  calculated
radiation in the visible and ultraviolet regions of the from LFB and LFB duplicate fortified at mid-point of
spectrum by atoms after electronic excitation in flames. calibration standards and the values are given in Table 5.

+

+

zero.

through the entire digestion and analysis process.

Table 4: Detection limits for soil samples analysis.

Technique AAS Flame photometry Uv-Vis spectrophotometer
----------------- -------------------------------- -------------------------- ----------------------------------------------------------------
Analytes Ca Mg Na K TP Av. P P-sorption

IDL (mg/L) 0.003 0.003 ** ** 0.002 0.027 0.027
MDL (mg/kg) 0.22 0.30 - 0.001 0.030 0.002 0.031

** The instrument only verify the concentration of the analyte not gives emission intensity and due to this the instrument were gives a zero mg / L
concentration value of both Na and K.
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Table 5: *Mean percent recoveries obtained from LFB and LFB duplicate sample analysis.
Analyte Spike level (mg/L) LFB mean % recovery LFB duplicate mean %recovery RPD between the two means
TCa 8.0 101.91±5.60 97.34±6.86 8.30
TP 0.6 94.77±3.82 95.89±2.79 1.08
TMg 0.5 102.29±0.49 105.14±3.63 2.75
TK 8.0 92.68±6.31 92.14±4.43 0.58
*Measurements were made in seven replicates for all parameters.

The RPD between the mean recoveries of LFB and LFB Method Validation and Quality Control Results
duplicate were also calculated to evaluate the data quality. Instrument  and Method Detection Limits: The

Laboratory Fortified Matrix and Its Duplicate Analysis: in seven replicates of distilled water as an instrument
Laboratory Fortified Matrix (LFM) and LFM duplicate blank. The results were 0.002 mg L  (Table 5). The
recoveries of Ca, Mg, K and P in each soil sample were calculated  MDL   for  total  and  available  P  were 0.03
studied along with the sample analysis to monitor the and 0.027 mg/kg respectively. The MDL of TP and
overall sample matrix dependent accuracy and precision available P were determined from seven replicates of
of the analytical methods. Consequently, the recovery reagent water and subjected to the entire analytical
values were determined from the analysis of actual processes.
samples  spiked  with mid-point of calibration standards
of  the  analyte. Both LFM and LFM duplicate were Calibration Curve: Calibration curves showing
passed through  the  entire  analysis  steps  along  with absorbance versus concentration were constructed for
the samples. The data quality is also evaluated by total and available P through direct analysis of the
calculating RPD values among LFM and LFM duplicate instrument blank and five point calibration standards at a
recoveries. 711 nm wavelength of the analytes. The three calibration

Sample Analysis total and available P, which were greater than the minimum
Soil Available and Total Potassium: Potassium (K) is the acceptance value of 0.995 [5]. This showed that there was
third most important plant nutrient along with N and P. a good linear between concentration and the instrument
The exchangeable form becomes available when the response.
potassium in solution is removed by the crops. The mean
value of available K was 226.13±31.95, 301.00±31.65 and Laboratory Fortified Blank (LFB) and its Duplicate
325.87±43.30 at Gergis, Kisose and  Muja  respectively. Analysis: From the analysis, the LFB recovery of 94.77 %
The results indicated available K was higher at Muja and and LFB duplicate recovery of 95.89 % (Table 5) were
lower at Gergis sites. obtained for TP. The obtained results for P are found to

From the current study,  calculated  average  values be within the recommended recovery range 80-120%. The
of total K in soil was 4003.8±1.30, 4130.5±18.82 and RPD values between LFB and LFB duplicate recoveries
4130±20.23 for Gergis, Kisose and Muja sites, for P are within the acceptance criteria of±15% difference.
respectively. As the results of the study shows Kisose These data confirmed that the analytical method has
and Muja sites has similar status of K and Gergis site soil provided results within the required levels of accuracy
analysis was lower than the two sites. These values and precision [5].
indicates that the soil analyzed for each sites had no
deficiency of K. One-way ANOVA test (p = 0.05) also Laboratory Fortified Matrix (LFM) and its Duplicate
showed that both available and total K concentrations Analysis: The results are given in Table 6. Both the LFM
among the studied soil samples are significantly different. and LFM duplicate mean recoveries were found between

87.25 % and 93.56% which all are within the recommended
UV-Vis Spectrophotometric Analysis of Soil Samples: range for matrix spike recovery 80-120% [5]. The RPD
The UV-Vis Spectrophotometric method was used for the values between LFM and LFM duplicate recoveries for
analysis of total and available P was based on the total P were 6.61, 5.84 and 3.61 at Gergis, kisosie, Muja
principles of absorption of electromagnetic radiation in sites respectively and were within the acceptance criteria
the visible and ultraviolet regions of the spectrum of±15% difference. Therefore, the method was well
resulting changes in the electronic structure of ions and applicable for all the matrices within a good accuracy and
molecules. precision.

determined IDL for total and available  P  were  analyzed

1

curves showed a good correlation coefficients of 0.999 for
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Table 6: *Mean recoveries from LFM and LFM duplicate for TCa, TMg, TK and TP of soil samples.
Sampling sites Analytes Spike level (mg/L) LFM mean Recovery LFM duplicate mean %recovery RPD between the two means
Gergis TCa 8.0 86.33±1.03 96.33±1.13 8.20

TMg 0.5 91.20±0.13 93.20±1.13 5.20
TK 8.0 95.10±1.20 85.10±1.21 6.80
TP 0.6 93.56±4.29 87.51±3.37 6.62

Kisose TCa 8.0 93.52±0.56 86.32±2.53 9.20
TMg 0.5 96.01±2.01 96.01±2.01 2.92
TK 8.0 86.56±1.21 92.48±1.32 8.40
TP 0.6 87.25±1.46 92.50±1.76 5.84

Muja TCa 8.0 87.68±1.25 90.08±2.15 5.80
TMg 0.5 88.78±1.53 89.66±2.44 4.68
TK 8.0 93.20±0.43 91.10±1.22 7.60
TP 0.6 89.72±4.47 92.94±2.09 3.61

* Measurements were made in five replicates analysis for both LFM and LFM duplicate.

Sample Analysis different concentrations of standard solutions prepared
Analysis of Total and Available Phosphorus: Soil P tests separately for both Ca  and Mg  at their specific
are fundamental analytical tools for assessing the P wavelength. Hence, calibration curves showing
nutrient status of the soil. As the results of the study absorbance versus concentration at a specified
revealed, the total P at Gorgis and Muja was respectively, wavelength were prepared for both Ca  and Mg  through
higher (12.184±0.245) and lower (2.425±0.403) mg kg  and direct analysis of the instrument blank and five calibration1

its mean values are presented in Table 3. metal standard solutions. 
The total P content does not reflect the amount of P As observed  from  calibration  curves,  the

in soil available to plants. In soils with pH values greater correlation coefficients (R ) values of Ca  and Mg  were
than 7.0 the HPO  form predominates. From this result 1.000 and 0.999. These values are greater than the4

-2

most available soil P for plants were found in Gergis site. minimum linear correlation coefficient set by [5].
As the results indicates, the availability of P in the Therefore, there was a good relationship between
analyzed soil sample of Kisose (1.60±0.02) and Muja instrument  response  and  standard concentration. So,
(1.73±0.10) soil sites were poor compared with Gergis the method can be employed for determination of
(8.58±0.22) site indicating the P deficiency. It is well unknown concentration in the respective soil samples
known that P is considered deficient when the immediately after calibration.
concentration of available form of P is less than 6.0 mg
kg  [17, 18]. One-way ANOVA test (p = 0.05) found that Instrument (IDL) and Method Detection Limits (MDL):1

both the total and available P concentrations in the sites The determined IDL for both Ca  and Mg  in Soil
of the studied soils were significantly different. This could samples are given in Table 4. For Ca  and Mg , the IDL
be the ways of land used by the farmers or other factors was determined through analysis of 2% HNO  calibration
that might affected the yield of a variety of grains blank for both Ca  and Mg  was 0.003. The calculated
cropped. MDL for Ca  and Mg  in soil samples are given in Table

The AAS Analysis of Soil Samples for Ca and Mg Ions: were determined from seven replicates and calculated
The AAS was used for the analysis of Ca  and Mg  ions values were 0.22 and 0.3, respectively.2+ 2+

in soil samples based on the principles of absorption of
electromagnetic radiation in the UV-Visible region of the Laboratory Fortified Blank (LFB) and its Duplicate
spectrum by atoms resulting in changes in electronic Analysis: Both the LFB and LFB duplicate recoveries of
structure, observed by passing radiation characteristic of all  the  analyzed  Ca   and Mg  ions were found between
a particular element through an atomic vapor of the 97.34 and 105.14% (Table 5), which are all found to be
sample. Samples were vaporized by aspiration of solution within the recommended recovery range 80-120%. The
into a flame. determined RPD between LFB and LFB duplicate were

Method Validation and Quality Control Results within the required limit±15% confirming that the
Calibration and Linearity of Instrumental Responses: analytical method has provided results within the required
The calibration of the instrument was done by running levels of accuracy and precision [5].

2+ 2+

2+ 2+

2 2+ 2+

2+ 2+

2+ 2+

3
2+ 2+

2+ 2+

4. The MDL of the analytical methods for Ca  and Mg2+ 2+

2+ 2+

found between 8.30 and 2.75%, which indicates that all are
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Laboratory Fortified Matrix (LFM) and its Duplicate ACKNOWLEDGEMENTS
Analysis: Both LFM and LFM duplicate recoveries for
both Ca and Mg are given in Table 6. The mean recoveries
from both LFM and LFM duplicate for both Ca  and Mg2+ 2+

were found between 86.32 and 96.33%, which shows that
all are within the recommended range for matrix spike
recovery of 80-120%. The determined RPD were found
between 2.92 and 9.2%, which exhibits that all are within
the acceptance criteria (±15% difference) according to the
standard method. The results indicated that the analytical
method under investigation has provided the required
matrix dependant accuracy and precision for the analysis
[5].

Sample Analysis
Total Calcium and  Magnesium:  The  results  for
analyzed  total  Ca  and Mg  in soil samples was given2+ 2+

in Table 3. In the present study the highest Ca  and Mg2+ 2+

(5896.00±213.87; 730.6±13.12) were obtained at Gergis site
and the lowest (4548.20±231.88) at Kisose site for total
Ca  and Muja site (671.20±13.80) for the total Mg . The2+ 2+

one way ANOVA test results indicate that there was
significant difference in Ca  and Mg  content between2+ 2+

soils of each site.

CONCLUSIONS

The analyses of selected soil chemical properties of
the present study sites (the Ido liban, kisose and Ilamu
Muja) peasant association located in Ambo District of
West Shoa Zone. The pH of the  studied  soil  was
slightly in the range of base and EC of the studied soil
were low. As the data obtained from the present study
indicated, the CEC of the croplands at Kisose site was
high and low at Gergis site. From the determined
exchangeable bases (Ca  and Na ) was respectively, high2+ +

and low. The available P obtained in this study was good
at Gergis site and poor at Kisose and Muja sites when
comparison is made among the exchangeable bases. The
available and the total Ca  analyzed were relatively high2+

at all the studied sites and the highest value was recorded
at the Gergis site and the lowest values were at the kisose
site. One way ANOVA test (p= 0.05) results showed that
all analyzed parameters (except TN) at the three sampling
sites were significantly different. Therefore, proper
agricultural land management using the crop rotation and
application of organic and/or inorganic fertilizers are
advisable for the better crop production and productivity
of the present study site.

The authors would like to thanks the Ambo
University for the laboratory facility support and also
thanks to Mr. Ashenafi Dejene for his unreserved
technical assistance offered during the entire practical
laboratory work. 
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