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Abstract

Ginger (Zingiber officinale) is an important spice and medicinal plant used in
different parts of the world. The objective of current study was to determine
the level of essential and non-essential metals in ginger and its correlation
with concentration of metals in the supporting soil. The level of K, Na, Ca,
Mg, Mn, Fe, Zn, Cu, Co, Cd and Pb in soil and ginger cultivated in the se-
lected districts of Wolaita zone, Southern Ethiopia were determined using
flame atomic absorption spectrometry. A 0.5 g ginger sample was digested
using a mixture of 4 ml HNO; and 1.5 ml HCIO, at 210°C for 150 minutes,
and a 0.5 g soil sample was digested employing a mixture of 6 ml aqua-regia
and 1 ml H,O, at 280°C for 150 minutes. The metal concentrations range in
dry weight basis for ginger samples is decreasing in the order: K (1691 - 3487
mg/kg) > Mg (701 - 1583 mg/kg) > Ca (862 - 1476 mg/kg) > Na (398 - 776
mg/kg) > Mn (325 - 672 mg/kg) > Fe (6.14 - 11.92 mg/kg) > Zn (5.30 - 10.09
mg/kg) > (0.12 - 0.23 mg/kg) for Pb. The concentration of Cd, Cu and Co in
ginger samples were below the limit of detection. The results revealed that
ginger has the ability to accumulate relatively higher amounts of K and Mg
among the determined essential metals. The soil samples have been found to
be acidic pH, sandy clay loam in texture, a very low electrical conductivity
and moderate level of (CEC, organic carbon, available phosphorus and total
nitrogen). Although, a positive correlation between the levels of K, Mg, Zn,
Mn in ginger and soil samples were observed. All the non-essential metals
analyzed in this study were below the permissible ranges set by FAO/WHO.
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1. Introduction

Ginger (Zingiber officinale) is a herbaceous tropical perennial belonging to the
family Zingiberaceae. The Rhizome of ginger has been used as a drug in herbal
traditions since antiquity as carminative or antiflatulent, diaphoretic, antispas-
modic, expectorant, peripheral circulatory stimulant, astringent, appetite stimu-
lant, anti-inflammatory agent, diuretic, and digestive aid. Moreover, it also im-
parts flavor and pungency to food and beverages and is particularly consumed as
fresh paste, dried powder, slices preserved in syrup, candy, or flavoring tea [1]
[2].

Ginger is homegrown to tropical India, South East Asia, Australia, and Japan,
with the main center of diversity in Indo-Malaysia [3]. The cultivation of ginger
was started in Ethiopia, during the 13™ century when Arabs introduced it from
India to East Africa [4]. It’s the second most generally cultivated spice in Ethi-
opia, next to chilies. It’s limited mostly within the wetter regions of Southern
Nations, Nationalities and Peoples Regional State (SNNPRS) and a few parts of
western Oromia [5]. Large-scale commercial production of ginger by farmers in
SNNPRS is practiced especially in Boloso Bombe, at Wolaita Zone [6].

Plants store and transport metallic elements, both to supply appropriate con-
centrations of them for later use in metalloproteins or co-factors, and to guard
themselves against the toxic effects of excess metals. Growth media including
soil, nutrient solution, water, and air are the key sources of metals to vegetables
and other crops, which enter by roots or foliage through two main bio-sorption
mechanisms: adsorption and/or absorption and accumulated in their tissues [7]
[8]. Metal uptake by plants is often suffering from several factors including metal
concentrations in soils, soil pH, cation exchange capacity, organic matter con-
tent, types and diversities of plants, and age of the plant [9].

Major and minor elements are considered essential nutrients in food. The
routine monitoring of the amount of these elements in crops is a common qual-
ity control process [10]. However, both deficiency and excesses of those essential
trace elements give very serious problems in the human and animal body. Since
ginger is a cash crop and one of the widely consumed spice in the study area and
all over the world, the assessment of the levels of essential and heavy toxic metals
have a particular interest with respect to human health and the quality of its
products.

Many kinds of researches were conducted on the determination of essential
and non-essential metal levels of ginger in Nigeria, India, Pakistan, and Romania
[11] [12] [13] [14]. However, research related to the levels of essential and

non-essential metals in ginger cultivated in Wolaita Zone, Southern Ethiopia
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was scarce. Therefore, this study was focused on the determination of levels of
essential (K, Na, Ca, Mg, Mn, Fe, Zn, Cu, Co) and non-essential (Cd and Pb)
metals in ginger and its correlation with the concentration of metals in the sup-
porting soil. It also aimed to assess some physico-chemical properties of the soil.
Furthermore, the results of this study may help to identify the difference in
mineral content of ginger with the area of cultivation and provide baseline in-

formation for researchers who need further investigations in this area.

2. Materials and Methods
2.1. Description of the Study Area

The study was conducted on the five main ginger growing Districts of Wolaita
Zone. These include Boloso Bombe, Boloso Sore, Damot Sore, Kindo Didaye and
Kindo Koyisha. Wolaita zone is situated between 60°51" to 70°35"N latitude and
37°46" to 38°1"E longitude with an average altitude of 1750 meters and ranges
between 501 and 3000 m.a.s.l. It is bounded to the North and the North East by
Kambata Tambaro Zone, to the West and Southwest by Dawaro zone, to the
south by Gamo Gofa Zone, and to the East by Sidama. There are three
agro-ecological zones in the area, out of which Dega accounts 9%, Weynadega
56%, and Kolla 35% [15].

2.2. Chemicals and Reagents

All chemicals and reagents with analytical grade (BDH) were used in this study.
HNO, (70%) and HCIO, (70%) (Research-lab Fine Chem Industries, Mumbai,
India) were used for the digestion of ginger samples. Aqua-regia, a mixture of
37% HCIl (Rediel de-Haen, Germany) and (70%) HNO,, extra pure 30% H,O,
(Scharlau, European Union) solution were used for the digestion of the soil
sample. NaHCO,, NH,OAc, K,Cr,0,, and H,SO, were used for the physi-
co-chemical analysis of the soil sample. La(NO,);-6H,O (98%) (Aldrich, USA)
was used to avoid refractory interference on the Ca and Mg from their phos-
phates. Stock standard (BDH Chemicals Ltd Spectrosol®, Poole, England) solu-
tions containing 1000 mg/L, in 2% HNO,, of the metals Na, K, Ca, Mg, Cu, Zn,
Mn, Fe, Co, Pb, and Cd were used for the preparation of calibration standards
and in the spiking experiments. Deionized water was used for dilution of the
sample and intermediate metal standard solutions prior to analysis and rinsing

glassware and sample bottles.

2.3. Instruments and Apparatus

Polyethylene bags (Moulinex, France) was used during sample collection and
preserving the ground and homogenized samples. Teflon knife and chopping
board (PTFE, China) were used to cut the ginger rhizome into pieces. A digital
pH meter (ELE International PQ qualab) was used to determine the pH of soil
samples after stirring by a magnetic stirrer. A hydrometer was used to determine

the texture of the soil samples. The conductivity meter was used to measure the
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conductivity of the soil solution. A drying oven (Digitheat, ]J.P. Selecta, Spain)
was used for drying ginger sample placed on porcelain crucible. Electronic
Blending device (Moulinex, France), ceramic pestle and mortar (Haldenwanger,
Germany) were used for grinding and homogenizing the samples. Digital ana-
lytical balance (Explorer, Ohaus, Model E11140, Switzerland) with +0.0001 g
was used for weighing the soil and ginger samples. Polyethylene sieve (2 mm)
was used to remove large debris, stones, and pebbles from the soil sample. Po-
lyethylene sieve (0.5 mm) was used to remove fine particles from the soil sample.
A 100 ml round bottom flasks fitted with a reflux condenser were used in the
Kjeldahl apparatus (Gallenhamp, England) for the digestion of samples. Borosi-
licate volumetric flasks (25, 50, and 100 ml) were used throughout dilution and
storage of samples and preparation of metals standard solutions. Pipettes (Pyrex,
USA), and micropipettes (Dragonmed, 1 - 10 uL, 100 - 1000 pL, Shangai, China)
were used for measuring the volume of reagents and standards. Different sizes of
filter papers (Whatman) were used for the filtration of sample solution after di-
gestion during the optimization and sample preparation processes. Buck Scien-
tific Model 210VGP AAS, East Norwalk, USA equipped with a deuterium arc
background corrector Flame Atomic Absorption spectrophotometer was used
for the analysis of the metals Na, K, Ca, Mg, Fe, Mn, Zn, Cu, Co, Cd and Pb us-

ing air acetylene flame.

2.4. Sample Collection

Mature, healthy, and fresh ginger rhizomes and its supporting soil were collected
from the farmlands of five districts of Wolaita Zone. These include Boloso
Bombe, Boloso Sore, Damot Sore, Kindo Didaye and Kindo Koyisha. The sam-
pling sites were carefully chosen based on ginger production potential. To collect
the representative sample, composite samples were taken from each sampling
site. The composite samples of fresh ginger and soil (from the surface at a depth
of 0 - 20 cm) were collected from each farmland and reserved in clean polyethy-

lene plastic bags for further pre-treatment.

2.5. Sample Preparation

2.5.1. Preparation of Ginger Sample

The collected ginger rhizomes were washed with running tap water to remove
adsorbed soil particulates and then rinsed with distilled water. The outer skin of
ginger samples was removed by a Teflon knife and chopped into pieces to facili-
tate drying. The sample was exposed to sunlight for three days to reduce the
moisture content and subsequently dried in the drying oven at 80°C for 24 hours
to constant weight. The dried sample was powdered using an electronic blender

and sieved to prepare a fine powder of ginger for digestion [16].

2.5.2. Preparation of Soil Sample
The soil samples collected from the five sampling areas were air-dried to con-

stant weight for three days and sieved through a 2 mm polyethylene sieve to re-
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move large debris, stones, and pebbles. Then, the samples were grounded using a
mortar and pestle, homogenized, and ready for digestion and physicochemical

analysis [16].

2.6. Optimization of Digestion Procedure

Obtaining an optimum condition for digestion is the basic requirement for sam-
ple preparation for analysis. To select an optimum procedure for digestion pa-
rameters like digestion time, reagent volume, a volume ratio of reagents, and di-
gestion temperature were optimized by varying one parameter at a time and
keeping the others constant. Parameters giving clear solutions at lower temper-
atures, requiring minimum reagent volume and digestion time were selected as
an optimum procedure for the digestion of ginger and soil samples [17]. Diges-
tions of ginger were carried out using HNO; and HCIO, acid mixture. Soil sam-
ples were digested using modified aqua-regia (HNO; + HCl + H,0,) as recom-
mended by [18].

2.7. Digestion of Ginger Samples

Exactly 0.5 g of the dried and ground ginger sample was accurately weighed on a
digital analytical balance and transferred quantitatively into a 250 ml round
bottom digestion flask. 5.5 ml of freshly prepared 4:1.5 mixture of concentrated
HNO, and HCIO, was added to the sample. The sample was swirled gently to
homogenize then fitted to a reflux condenser and digested continuously for 2
hours and 30 minutes on a Kjeldahl digestion block. The temperature was ad-
justed within certain time intervals to give the maximum temperature of 210°C.
The digestion gives a clear colorless solution [19].

Digestion of a reagent blank was also performed in parallel with the ginger
samples keeping all digestion parameters uniform. To avoid chemical interfe-
rence in the determination of Mg and Ca in the samples, lanthanum nitrate hy-
drate is added to the solutions. The clear solution was filtered into 100 ml volu-
metric flasks through Whatman filter paper. It was diluted with distilled water
up to the mark and stored for further analysis [19] [20] [21].

2.8. Digestion of Soil Samples

In this procedure, 0.5 g of the soil sample was placed in a Kjeldahl flask and 6
ml of aqua-regia (3:1 ratio of HCI to HNO;) was added first before adding 1
ml of concentrated H,O,. The sample was swirled gently to homogenize then
fitted to a reflux condenser and digested continuously for 2 hours and 30 mi-
nutes on a Kjeldahl digestion block. The temperature was adjusted within
certain time intervals to give the maximum temperature of 280°C. The diges-
tion produces a clear colorless solution. The digest was then cooled and a few
drops of water were added before filtering using a Whatman No 42 filter pa-
per. The filtrate was then diluted with de-ionized water to 100 ml and stored
for further analysis [18].
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2.9. Method Performance and Method Validation

To check the validity of the analytical method, the following method validation
parameters such as precision (in terms of repeatability), accuracy (in terms of
recovery), method detection limit, matrix spike, and matrix spike duplicate were

carried out [22].

2.10. Statistical Analysis

All analyses were carried out in triplicate and the data were presented as means
* standard deviations. Differences between treatment means were done by using
analysis of variance (ANOVA). For comparison of the means of the treatments,
the Fisher’s least significant difference (LSD) test was used at a = 0.05 signific-
ance level. A Pearson Correlation Coefficient was used to check associations of
the same metal in the soil with ginger and also to check whether the ions of one
kind present in the soil, either facilitate or interfere with the uptake of the other
kind of ions. All statistical analyses were done by SPSS 23 and SAS 9.1.3 software
for windows [23] [24].

3. Results and Discussions

3.1. Optimization of Digestion Procedure of Ginger
and Soil Samples

Different conditions tested for optimization of the digestion procedure for 0.5 g
ginger samples were summarized in Table 1. From the optimization procedure
the acid mixture of 4 ml HNO,; (70%), and 1.5 ml HCIO, (70%), digestion time
150 minutes, and digestion temperature 210°C were found to be the optimal
condition for the digestion of 0.5 g ginger samples (Table 1).

Soil samples were digested using modified aqua-regia (HNO; + HCl + H,0,)
as recommended by [18]. The optimum condition for soil sample digestion was
a reagent mixture of 6 ml aqua-regia (3:1 ratio of HCI to HNO;) and 1 ml H,0,,

digestion temperature 280°C, and digestion time 150 minutes for 0.5 g soil sample.

Table 1. Optimization of digestion procedure of 0.5 g ginger samples.

No. of Reagent volumes (mL) Digestion Digestion .

Trials HNO,:HCIO, temperature ("C) time (min) Observation
1 3:1 120 60 Deep yellow solution
2 2:3 150 90 Deep yellow solution
3 3:2 180 100 Yellowish solution
4 2:4 200 120 Yellowish solution
5 4:1.5% 210% 150* Clear colorless solution
7 5:2 210 170 Clear colorless solution
8 6:1 240 170 Clear colorless solution
9 5:3 250 200 Clear colorless solution

*The optimum digestion conditions.
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Different conditions tested for optimization of the digestion procedure for 0.5 g
soil samples are summarized in Table 2.
3.2. Analytical Method Detection Limits

The detection limit for the methods was calculated by multiplying the standard
deviation of seven blank signals each determined in triplicate by three. The cal-
culated Method Detection Limit (MDL) for ginger and soil samples are given in
Table 3.

3.3. Evaluation of Analytical Method

As shown in Table 4 and Table 5, the percentage recovery for ginger and soil

samples lies in the range of 90% - 100.6%, which are within the acceptable range

Table 2. Optimization of 0.5 g soil samples.

No.of Reagent volumes (mL) Digestion Digestion .

trials Aqua-regia:H,0, temperature (°C) time (min) Observation
1 3:2 120 120 Deep Yellow
2 4:1 150 120 Deep Yellow
3 3:3 180 130 Deep Yellow
4 4:2 200 130 Deep Yellow
5 2:4 250 140 Yellow
6 5:1 270 150 Light yellow
7 6:1% 280* 150* Clear colorless solution
8 5:2 300 180 Clear Colorless
9 6:2 310 200 Clear Colorless

*The optimum digestion conditions.

Table 3. Instrument and method detection limits of metals in ginger and soil samples.

Metal Instrlilmient detection Methoc‘i detection limit . M.ethod d.etection
limit (mg/L) for ginger (mg/kg) limit for soil (mg/kg)
Na 0.001 0.004 0.006
K 0.010 0.03 0.02
Ca 0.010 0.05 0.07
Mg 0.001 0.004 0.006
Cu 0.020 0.062 0.030
Zn 0.005 0.022 0.007
Mn 0.0010 0.002 0.004
Fe 0.030 0.034 0.022
Co 0.050 0.08 0.08
Cd 0.005 0.01 0.03
Pb 0.100 0.12 0.150
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Table 4. Recovery test for the optimized procedure of ginger sample.

Metal Conc. in Amount Conc. in spiked Amount Recovery
sample (mg/L) added (mg/L) sample (mg/L) recovered (mg/L) (%)
Na 590 250 830 240 96
K 2696 500 3199 503 100.60
Ca 1200 500 1690 490 98
Mg 1230 500 1700 470 94
Mn 497 150 642 145 96.70
Fe 9.90 5.00 14.40 4.50 90
Zn 9.30 5.00 14.00 4.70 94
Cu ND - - - -
Co ND - - - -
Cd ND - - - -
Pb 0.16 0.10 0.25 0.09 90
Table 5. Recovery test for the optimized procedure of soil sample.
Metal Conc. in sample Amount added Conc. in spiked Amount Recovery
(mg/kg) (mg/kg) sample (mg/kg) recovered (mg/kg) (%)
Na 2500 500 2990 490 98
K 3345 600 3946 601 100.20
Ca 1670 500 2160 490 98
Mg 2438 500 2933 495 99
Mn 1296 500 1798 502 100.40
Fe 3694 600 4284 590 98.30
Zn 11.90 5.00 16.50 4.60 92
Cu 35.00 15.00 49.0 14.0 93.30
Co ND - - - -
Cd 0.20 0.1 0.29 0.09 90
Pb 0.26 0.1 0.35 0.09 90

ND: Concentration values of the studied metals are below method detection limit.

for metals [25]. The results confirm that the method is of good precision and

accuracy.

3.4. Physico-Chemical Properties of Soil

Soil pH and its organic matter content are among those major factors that

greatly affect the availability of macro- and micronutrients and even toxic ele-

ments in the soils and their uptake by plant roots [26]. The pH and other physi-

co-chemical properties of soils that affect nutrient accumulation in the soil and

their availability to the plants were given in Table 6.

The pH of studied soil samples was found to be within the range of 5.02 to
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Table 6. Average values of physico-chemical characteristics of the soil.

ste pu EC OC TN AvP  CEC Texture

dS/m) (%) (%) (ppm) (Cmolkg) o clay 9 silt % sand
BB 620 002 129 017 873 2458 2622 1965 5413
BS 570 002 130 018 705 2311 2582 1769 5649
KK 560 007 130 019 665 2283 2446 1650  59.04
DS 630 002 129 019 991 2562 2775 1878 5347
KD 502 005 123 016 584 2135 2087 1951  59.62

BB = Boloso Bombe, BS = Boloso Sore, KK = Kindo Koysha, DS = Damot Sore, KD = Kindo Didaye.

6.30 in which higher value observed in Damot Sore and a lower value was ob-
served in Kindo Didaye. According to Jones (2003), the pH ranges of the soils in
the studied areas are from strongly acidic to slightly acidic in nature [27]. The
higher acidity of the soils was mainly owing to the leaching of some basic cations
[28] and probably due to poorly managed cultivation, inappropriate use of am-
monium-based fertilizers, and accelerated erosions that implied the deteriora-
tion of soil quality [29].

The electrical conductivity of the soil was ranged from 0.02 to 0. 07 dS/m.
According to Jones (2003), the soils under study were rated as very low EC [27].
The low EC value was a result of the high rainfall of the area leaching much of
the salts in the sites. As stated by Singaravel et al (2000), EC value rated as 0.5
dS/m for good soil. Generally, the low EC value was mainly because of the acidic
nature of the soil under investigation [30].

The particle size distribution of the soil was found in the ranges 20.87 to 27.75
of % clay, % silt ranges from 16.50 to 19.65, and % sand ranges from 53.47 to
59.62. The textural class of the studied soils was found to be sandy clay loam.
Pedologic processes such as erosion, deposition, illuviation, and weathering
which are shaped by management practices can alter the texture of soils [26].
Under conditions of high rainfall, clay fractions are likely to be lost through
processes of selective erosion and migration down the soil profile which ulti-
mately increases the proportion of sand in surface soils [31].

The cation exchange capacity (CEC) ranged from 21.35 to 25.62 Cmol/kg. The
higher value was observed in Damot Sore and a lower value was found in Kindo
Didaye. According to Brook (1983), the CEC of the soil was rated as medium in
all sites [32]. The relatively lower CEC of the Kindo Didaye District may be due
to the lowest clay fraction and the highest sand fractions of the soil. This may be
the main reason followed by their low organic matter content. Hence, the deple-
tion of OM as a result of intensive cultivation has reduced the CEC and this is in
accord with previous findings [33].

Organic carbon of the soil was found to be in the range of 1.23% to 1.30%.
Along with the rating suggested by Tekalign et al (1991), the soil OC contents
were in the moderate range [34]. The value obtained in this study was in the
same range as the value (0.54% to 1.84%) obtained by [35].

DOI: 10.4236/jacen.2020.94021

284 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2020.94021

F.T. Kaba et al.

The total nitrogen (TN) of studied soil samples were found to be in the range
of 0.16% to 0.19%. According to Havlin et al (1999), the TN content of soils in
the study area was categorized under the medium class [36]. The results are in
agreement with the findings of Wakene and Heluf (2003) and Tuma (2007) who
reported that intensive and continuous cultivation forced oxidation of OC and
thus resulted in a reduction of TN [37] [38].

The available phosphorus (P) ranged from 5.84 to 9.91 mg/kg which was in
the range with [35] which was found to be 5.65 mg/kg to 39.96 mg/kg. Con-
cerning rating the levels of Olsen extractable P in the soil, the soil understudy
could be rated as medium [39]. The lowest available P in Kindo Didaye was may
be due to the inherent P deficiency of the soil and P fixation with Fe and Al by

the favorable acidic soil reaction [40].

3.5. Distribution of Metals in Ginger Samples

The levels of essential and non-essential metals in the ginger samples determined
with FAAS after sample dissolution with the optimized digestion procedure were
expressed per dry weight as shown in Table 7 and Figure 1(a).

As shown in Table 7, ginger contains a higher amount of essential metal K
(1691 - 3487 mg/kg), followed by Mg (701 - 1583 mg/kg) and Ca (862 - 1476
mg/kg). The higher level of K, Ca, and Mg in the ginger was probably due to the
fact that nutrient elements such as N, P, K, S, Ca, and Mg are highly mobile in
the plant tissue [41] [42] [43]. The other probable reason for the higher concen-
trations of K, Mg, and Ca is due to the presence of fertilized soil with manure
and organic residues which is rich with these metals [44].

The concentration of Mn (325 - 672 mg/kg) in the ginger was higher among

Table 7. Concentration (Mean * SD, n = 3 in mg/kg dry wt.) of metals in ginger samples
from five sample sites.

Metal BB BS KK DS KD CV LSD
Na 565 + 19° 398 + 25° 512 + 44¢ 634 + 32° 776 £ 14 499 530
K 3487 + 59° 2825+ 73> 2039 £235° 1691 +£29° 1820+77¢ 501 216
Ca 862 + 7¢ 1476 £24* 1211 +71°  1220+42° 797 +11° 571 11.57
Mg 701 + 294 1114 +14° 1583 +56° 1241 +27* 1371 +93* 11.46 25.08
Mn 419 + 5¢ 508 + 3¢ 672 +3° 578 + 5° 325+9¢ 2.18  19.73
Fe 6.14 + 0.4¢ 9.6 £0.15° 11.92+0.61° 11.58 +0.00° 8.86+0.15° 3.53  6.18
Cu ND ND ND ND ND ND ND

Zn 5.30 £0.03° 10.09 £0.16° 8.08 +0.14° 6.79+0.30° 5.63+0.15¢ 250 3.26
Co ND ND ND ND ND ND ND
Cd ND ND ND ND ND ND ND

Pb 0.15+0.04° 0.17+0.02° 0.12+0.02¢ 0.23+0.02° 0.15+0.09° 2620 0.75

Means with the same letter in the same row are not significantly different at a= 0.05. ND: Concentration of
the tested heavy metal below the Method detection limit.
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determined essential trace metals. Higher levels of Mn in the ginger may be at-
tributed to the availability of this micronutrient in relatively acidic soils of the
farmland. The chemical forms of Mn existing in the soil depend on the soil pH.
In acidic soil, an easily absorbed form, Mn*" released from soil by H', which is
produced from NH, [45], can be readily taken up and accumulated in the
ginger.

The levels of other essential metals detected in ginger were Na (398 - 776
mg/kg), Fe (6.14 - 11.92 mg/kg), Zn (5.30 - 10.09 mg/kg) and non-essential
heavy metals Pb (0.12 - 0.23 mg/kg). The level of Pb was the least among the
metals in ginger; however, due to its toxicity deserves special concern.

Generally, potassium and magnesium were the most accumulated essential
metals in the ginger samples while Pb was the least with slightly higher amounts
in the sample collected from Damot Sore. The observed trend was K > Mg >
Ca > Na > Mn > Fe > Zn > Pb and Co, Cu and Cd were below method detection
limit in ginger samples. The distribution pattern of specific metals in ginger was
discussed in detail as follows:

The concentration of sodium was ranged from 398 to 776 mg/Kg in ginger.
The highest mean concentration was found in Kindo Didaye and the lowest
concentration was found in Boloso Sore. The value obtained in this study higher
than the value of 15 mg/kg reported by [46] and lower than the value (1908.75
mg/kg) reported by [14]. The pattern of concentration of sodium in ginger
among different sampling sites was in the order of: Kindo Didaye > Damot
Sore > Boloso Bombe > Kindo Koysha > Boloso Sore. One-way analysis of va-
riance showed that the mean concentration of sodium in ginger was significantly
different among the studied sites. Fisher’s combined probability test using the
LSD criterion for significance indicated that the mean concentration of sodium
in the ginger sample from Kindo Didaye was significantly higher than other
sampling sites at p < 0.001. The possible reasons for higher concentrations of Na
in the Kindo Didaye district are probably due to geological differences in the soil
and different agricultural practices.

Potassium was the most accumulated metal in ginger with mean concentra-
tions varies from 1691 mg/kg in Damot Sore to 3487 mg/kg in Boloso Bombe.
This higher concentration of K in ginger is may be because of its higher concen-
tration in the soil. Weeraratna et al. (1977) reported that addition of K fertilizers
to the soils rapidly increase the concentration of available K that could be attri-
buted to the mineralization of the organic matter, the solubilization effect of
rainwater, and due to increased chemical and biological fixation of potassium in
the presence of fertilizers [44]. The concentration of K found in this study was in
range with the value of 2442.75 mg/kg reported by [14].

The mean concentration of Calcium was ranged from 862 to 1476 mg/kg in
ginger. The highest level of calcium in ginger was observed in Boloso Sore and
the lowest concentration was found in Kindo Didaye.

One-way analysis of variance showed that the mean concentration of Ca in

the ginger sample from Boloso Sore was significantly higher than other sample
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sites. The pattern of concentration of calcium in ginger among different sam-
pling sites was in the order of Boloso Sore > Kindo Koysha = Damot Sore > Bo-
loso Bombe = Kindo Didaye. Comparable levels of Ca (1031 mg/kg and 1161
mg/kg) in the ginger were reported from Pakistan and Nigeria respectively [13]
[14].

Magnesium was the second most accumulated essential element in ginger next
to K. The concentration was ranged from 701 mg/kg in Boloso Bombe to 1583
mg/kg in Kindo Koysha. In the study conducted in Pakistan, the content of Mg
was found to be 12 mg/kg in ginger which was lower than the value obtained in
this study [13]. The variation may be due to a difference in soil nature and agri-
cultural practices. One-way analysis of variance showed that the mean concen-
tration of Magnesium in ginger from Kindo Koysha was significantly higher
than other sites except for Kindo Didaye.

The mean concentration of Fe in ginger was ranged from 6.14 to 11.92 mg/kg.
The highest mean concentration was found in Kindo Koysha and the lowest
concentration was found in Boloso Bombe. The concentration of Fe found in
this study was slightly higher than the value of 2.88 mg/kg reported by [47]. This
might be due to geographical and geological differences of the soil and different
agricultural practices including the use of different agrochemicals. The permissi-
ble limit of iron set by FAO/WHO in edible plants was 20 ppm [48]. Comparing
the level with the value obtained in this study it was lower. ANOVA showed that
the mean concentration of Fe in ginger is significantly different among the stu-
died sites except in Kindo Koysha and Damot Sore Districts.

The concentration of Manganese in ginger was ranged from 325 to 672 mg/kg.
The highest level of Mn was observed in Kindo Koysha and the lowest concen-
tration was found in Kindo Didaye. The value (184 - 401 mg/kg) reported by
Yohannes and Chandravanshi (2015) was almost comparable with the value ob-
tained in this study [49]. Higher Mn levels in the studied plant may be attributed
to the availability of this metal in relatively acidic soils [50] [51]. The concentra-
tion of Mn in ginger obtained from Kindo Koysha was significantly higher than
those sampled from the other sites. This may be due to the difference in the type
of agricultural practice in Kindo Koysha.

As indicated in Table 7, the level of Zn in ginger was ranged from 5.30 to
10.09 mg/kg. The highest mean concentration of Zn in ginger was found in Bo-
loso Sore and the lowest concentration was observed in Boloso Bombe. Compa-
rable levels of Zn in ginger 13.93 mg/kg have been reported by [14]. One-way
analysis of variance showed that the mean concentration of Zn in ginger was
significantly different among the studied sites except for Kindo Didaye and Bo-
loso Bombe. Fisher’s combined probability test using the LSD criterion for signi-
ficance indicated that the mean concentration of Zn in the ginger sample from
Boloso Sore was significantly higher than other sampling sites at p < 0.001. This
may be attributed to its higher concentration in the soil. The permissible limit
set by FAO/WHO (1984) for edible plants is 27.4 mg/kg which is higher than
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that found in the present study [48]. Zinc levels in this study were also below
permissible values of 60 mg/kg in vegetables [52] implying that there was no Zn
contamination in ginger. The concentration of copper and cobalt in ginger was
below the method detection limit in all sample sites.

The concentration of Pb ranged from 0.12 to 0.23 mg/kg in ginger samples.
Ginger from Damot Sore had the highest mean concentration which was signif-
icantly (p < 0.05) different from the mean value obtained from other sample
sites. The mean levels of Pb in ginger were below the permissible values for veg-
etables (0.3 mg/kg) recommended by the FAO/WHO, implying that there was
no lead contamination. The level of lead in ginger samples was also below the
permissible limit required in spices (0.3 mg/kg) by the [52].

The permissible limit for Cd set by FAO/WHO (1984) in edible plants was 0.2
mg/kg. However, for medicinal plants, the permissible limit for Cd set by WHO
(2005), China, and Thailand was 0.3 mg/kg in finished herbal products [53]. The
level of cadmium in ginger in all sampling sites was below the method detection

limit implying that there was no Cd contamination.

3.6. Distribution of Metals in Soil Samples

The levels of essential and nonessential metals in the soil samples determined
with FAAS after sample dissolution with the optimized digestion procedure were
expressed per dry weight as shown in Table 8 and Figure 1(b).

The soil sample collected from five sampling areas were found to contain de-
tectable metal content of Na, K, Ca, Mg, Mn, Fe, Cu, Zn, Cd, and Pb. There was
a significant difference in the concentration of different metals within the soil

samples and appreciable differences recognized between the same metals of

Table 8. Concentration (Mean * SD, n = 3 in mg/kg dry wt.) of metals in soil samples
from five sample sites.

Metals BB BS KK DS KD CV LSD
Na 2129 £796® 2361 +56% 2969 +3* 2640+ 78" 1896 +200° 14.22 67.20
K 3420 £42° 3717 £158° 3740 £80° 2826 +194°  2785+8 3,62 2164
Ca 1143 £40° 1130 £16°  1785+23* 1656 £20® 1230 £35® 051 5.10

Mg 2176 + 37° 2023 £34¢ 3211+ 12° 1971 + 0¢ 2520 £50° 1.36 58.70

Mn 1240 + 4° 1265 + 6° 1174 + 1¢ 1317 + 1° 1000+7¢ 137 29.90
Fe 3673 + 3% 3707 + 3% 3755+0* 3602 +88.0° 3673+3*  1.07 71.80
Cu 22 +4° 35+7° 13 +44 48.6+11° 41 + 5 19.56 11.50
Zn 135+ 7.0° 192.5 + 2° 112 £2¢ 105 + 2¢ 84.7+2° 294 6.73
Co ND ND ND ND ND ND ND

Cd 0.20 +£0.01*  0.19+0.03* 0.22 +£0.03* 0.19 £ 0° 0.20 £0.02* 11.33 0.04

Pb 0.18 £0.02°  0.25+0.02> 0.36 £0.04* 0.22+0.04* 0.31 £0.09® 19.83 0.10

Means with the same letter in the same row are not significantly different at @ = 0.05. ND: Concentration of
the tested heavy metal below the Method detection limit.

DOI: 10.4236/jacen.2020.94021

288 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2020.94021

F.T. Kaba et al.

(a) Metals in Ginger Samples
4500 -

4000
3500 |
3000 |
2500 |
2000 |
1500 - I I

1000 - I i i i

I I
<l il i Mk

Boloso Bombe  Boloso Sore Kindo Koysha Damot Sore Kindo Didaye
BMNa ®mK ©mCa "Mg EMn mFe EMCu HMZn mCo mCd EPb

Concentration (mg/Kg)

(b) Metals In Soil Samples
4500 -

4000 -
3500 -

3000 - I
2500 - [ I
2000 - I " II
1500 -
500 - I
0 - - - - -

Boloso Bombe Boloso Sore  Kindo Koysha Damot Sore Kindo Didaye

Concentration (mg/Kg)

BMNa mK Ca Mg ®Mn mFe ECu EZn mCo mCd HPb
Figure 1. Metal concentration in the ginger (a), and in the supporting soil samples (b).

different sample sites.

The concentration of Fe (3602 - 3755 mg/kg) in the soil exceeds much the
concentration of other essential elements, this may be due to the presence of an
excess amount of hematite (Fe,O;) in the soil. This was in good agreement with
the analysis conducted by Minaleshewa (2010), soils with low pH contain a high
amount of Fe and Al oxides [42].

Concentration of Mn (1000 - 1317 mg/kg) in the soil was higher when com-
pared to Zn (84.7 - 192.5 mg/kg) and Cu (13.0 - 48.6 mg/kg). Higher Mn levels
in the studied soil may be attributed to the availability of this metal in relatively
acidic soils [50] [51]. On the other hand, levels of the toxic heavy metals Cd
ranges from 0.19 - 0.22 mg/kg, and Pb ranges from 0.18 - 0.36 mg/kg. In general,
the concentration pattern of metals in soil was decreased as Fe > K > Mg > Na >
Ca> Mn > Zn > Cu > Pb > Cd. Among the analyzed metals, Co was found to be
below the detection limit of the method used in this study. The distribution pat-
tern of specific metals in the soil was discussed comprehensively as follows:

The concentration of sodium was ranged from 1896 to 2969 mg/Kg in the soil
sample. The highest mean concentration of Na in the soil samples was found in

Kindo Koysha and the lowest concentration was observed in Kindo Didaye. The
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pattern of concentration of sodium in the soil among different sampling sites
was in the order of Kindo Koysha > Damot Sore > Kindo Didaye = Boloso
Bombe = Boloso Sore. One-way analysis of variance showed that the mean con-
centration of sodium in the soil from Kindo Koysha was significantly higher
than other sample sites at p < 0.001. The concentration of Na obtained in this
study was higher than the value reported by [54]. The reason for this difference
may be due to the use of different methods of farming, geographical, and cli-
matic variation of the sites.

Potassium was the second most accumulated essential metal in the soil next to
Fe. The level of K in the soil was ranged from 2785 mg/kg in Kindo Didaye to
3740 mg/kg in Kindo Koysha. Relatively higher K content in the soils may be
due to the application of NPKS fertilizers [55]. A Higher concentration of K in
the soil was reported by Michael (2006) and a lower level of K was reported by
[56].

The mean concentration of Ca was ranged from 1130 to 1785 mg/kg in the
soil sample. The highest content of calcium in the soil was observed in Kindo
Koysha and the lowest concentration was found in Boloso Sore. This lower con-
centration of Ca in the soil of Boloso Sore may be due to relatively higher rain-
fall, which causes the intensive leaching of Ca in the soils. According to Solomon
et al. (2001), high rainfall in the area causes extensive leaching of Ca and Mg
rendering these metals to exist at lower levels [55]. One-way analysis of variance
showed that the mean concentration of Ca in the soil was significantly different
among the studied sites. Fisher’s combined probability test using the LSD crite-
rion for significance indicated that the mean concentration of Ca in the soil
sample from Damot Sore was significantly higher than other sampling sites at p<
0.001. The concentration of Ca in the soil (1435 - 1775 mg/kg) reported by Fe-
leke (2010) was in the range with the present study [57].

The level of Magnesium in the soil was ranged from 1971 mg/kg in Damot
Sore to 3211 mg/kg in Kindo koysha. One-way analysis of variance showed that
the mean concentration of Magnesium in the soil was significantly different
among the studied sites except for Boloso Sore and Damot Sore. Fisher’s com-
bined probability test using the LSD criterion for significance indicated that the
mean concentration of magnesium in the soil from Kindo koysha was signifi-
cantly higher than other sampling sites at p < 0.001. The concentration (1257 -
3306 mg/kg) of Mg in the soil reported by Feleke (2010) was in the range with
the concentration obtained in this study.

Iron was the most accumulated metal in the soil under investigation with
mean concentration ranged from 3602 to 3755 mg/kg. The highest mean con-
centration was obtained in Kindo Koysha and the lowest concentration was
found in Damot Sore. The soil understudy was a dark reddish-brown color
which is indicative of the presence of an excess amount of hematite (Fe,0;) [55].
Soils with low pH comprise high amounts of Fe and Al oxides [58]. These may

be the reason behind the higher content of Fe metal in these soils. One-way
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analysis of variance showed that the mean concentration of iron in the soil was
significantly different among the studied sites, at p < 0.001.

The level of manganese in the soil ranged from 1000 to 1317 mg/kg. The soil
from Damot Sore had the highest mean level of manganese and the lowest mean
concentration was found in Kindo Didaye. One-way analysis of variance showed
that the mean concentration of Mn in the soil was significantly different among
the studied sites except for Boloso Sore and Boloso Bombe. Comparable level
(1030 - 1470 mg/kg) of Mn was reported by [54]. The concentrations of manga-
nese found in this study were lower than the FAO/WHO (2001) recommended
limit in the agricultural soil indicating that there was no Mn toxicity.

As shown in Table 8, Zn levels in the soil ranged from 84.70 mg/kg to 192.50
mg/kg. The mean concentration of Zn in the soil samples was highest in Boloso
Sore which was significantly higher than other sampling sites. This is attributed
to farming methods used by farmers in Boloso Sore such as the use of fertilizers
and the application of compost manure. Use of agrochemicals such as fertilizers
and pesticides has been reported as one source of Zn in the soil [59] while appli-
cation of compost manure not only results in Zn accumulation in soil but also
causes an increase in Zn mobility and enhances Zn leaching [60]. The concen-
tration levels of Zn in this study were in the range with the value (25.50 - 440.30
mg/kg) obtained by [43]. The levels of Zn in this study showed that there was no
Zn contamination in the soil since the maximum permissible limit of Zn con-
centrations in soil is 300 mg/kg [61] [62].

The concentration levels of Cu in the soil ranged from 13.00 to 48.60 mg/kg.
The highest mean concentration values were found in Damot Sore which was
significantly (p < 0.05) different from mean values obtained in Boloso Bombe,
Boloso Sore and Kindo koysha. But the difference was not significant in the soil
sample obtained from Kindo Didaye. The difference in Cu levels in the sampling
sites could be attributed to the difference in their parent materials. Comparable
levels of Cu in soil with a mean value of (43.96 - 71.27 mg/kg) have been re-
ported by [54]. Copper concentration levels reported in this study were below
the permissible limits for agricultural land use of 100 mg/kg [52] implying that
there was no Cu contamination in the soil. The concentration of cobalt was be-
low the method detection limit in the soil of all sample sites.

As shown in Table 8, the levels of lead in soil ranged from 0.18 to 0.36 mg/kg.
The highest mean value was recorded in Kindo Koysha and the lowest value was
found in Boloso Bombe. The higher level of Pb in Kindo Koysha could be attri-
buted to the addition of artificial fertilizer and pesticides to the soil which leads
to an increase of Pb levels in agricultural soil [63]. The values of Pb obtained in
this study were lower than Ewers (1991) recommended maximum limit that is
100 mg/kg indicating that there was no Pb contamination in the soil under in-
vestigation.

Cadmium content in the soil was ranged from 0.19 mg/kg to 0.22 mg/kg
(Table 8). The higher concentration of Cd observed in Kindo Koysha and the
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lowest value was observed in Boloso Sore. But the difference was not significant
among all sampling sites. The possible source of cadmium might be the applica-
tion of phosphate fertilizer in which cadmium exists as an impurity [64]. The
amount of cadmium determined in this study was lower than Ewers (1991)

recommended maximum limit for soil that is 3 mg/kg.

3.6. Correlation of Metal levels between Ginger and Soil Samples

For most metals, the levels in some sampling area of ginger were varied not
proportionally to levels of the same metals in the corresponding soil. This ine-
quivalent variation in the level of metals in ginger and soil may result from the
difference in availability of the absorbable form of metals in soil due to differ-
ences in soil acidity or the presence of competing ligands [65]. The level of met-
als in ginger was less than the level of metals in the soil from all sampling sites.
Hence, ginger is said to be a non-hyper accumulator/non-phytoremediator [66].
The higher concentration of metals in the soil than ginger indicates most metals
in the soil were not in the bio-available form. To correlate the effect of one metal
on the concentration of the other metal, the Pearson correlation matrices using
correlation coefficient (r) for the samples were used and presented in Table 9.
As shown in Table 9, metals K, Mg, Zn, and Mn showed a positive correlation
in soil and ginger indicating that the more level of each metal in the soil, the
more the accumulation of corresponding metals in the ginger. This verifies that
the dependence of metal concentration in the plant on the metal concentration
of respective soil. Na in soil with Na in ginger, Ca in soil with Ca in ginger, Fe in
soil with Fe in ginger, and Pb in soil with Pb in ginger have a negligible rela-
tionship. This poor correlation can lead to the probable conclusion that the
concentration of metals in the soil measured by the total metal determination
method cannot be used as a predictor of metal concentration in ginger. This may
be due to the fact that total metal contents of soil contains all exchangeable met-
als, carbonate bound metals, oxides bound metals, organic matter bound metals

and residues, while metals which are bioavailable for plant uptakes are found in

Table 9. Pearson correlation coefficient for metals in ginger with soil sample.

Metals
Na in soil
K in soil
Mg in soil
Ca in soil
Fe in soil
Zn in soil
Mn in soil

Pb in soil

Na in ginger
-0.39
—-0.88**
0.06
-0.16
-0.45
—-0.87**
-0.62*

0.09

K in ginger
-0.26
0.53*
-0.29
0.63*
0.19
0.64*
0.29

-0.51*

Mgin ginger Cainginger Feinginger Zninginger Mninginger Pb in ginger

0.47 0.39 0.63* 0.36 0.83** —-0.06
-0.05 0.51* 0.02 0.64* 0.47 -0.43
0.65* -0.14 0.36 0.01 0.36 -0.56*
-0.37 0-.42 —-0.55* -0.37 0.01 -0.49
0.26 0.18 0.08 0.41 0.24 -0.55
-0.40 0.66* -0.19 0.73* 0.14 0.01
-0.41 0.61* 0.15 0.37 0.55% 0.36
0.67* 0.05 0.48 0.24 0.27 0.06

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).
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the exchangeable metals [67].

Sodium in ginger showed a negative correlation with K, Zn, and Mn in the
soil. Potassium in ginger showed a positive correlation with Ca and Zn whereas a
negative correlation with Pb in the soil. Magnesium in ginger showed a positive
correlation with Pb in the soil. Calcium in ginger showed a positive correlation
with Zn and Mn in the soil.

3.7. Correlation of Metals within Ginger Sample

As shown in Table 10, there was a negative correlation for Na with (K, Zn, and
Mn) and K with (Mg and Fe). Positive correlation for Mg with (Fe), Ca with (Fe,
Mn, and Zn), Fe with (Mn) and Zn with (Mn) was observed. Metals interact
with other metals in the uptake process by the plants. This is because some met-
als have similar chemical properties. For example, Mn shows properties of both
the alkaline earth cations such as Mg®* and Ca®* and the heavy metals (Zn, Fe)
[67]. This could be the probable reason for high positive correlation for Mg with
(Fe), Ca with (Fe, Mn, and Zn), Fe with (Mn) and Zn with (Mn) which may arise
from common anthropogenic or natural sources as well as from similarity in
chemical properties.

The high negative correlation for Na with (K, Zn and Mn) and K with (Mg
and Fe) indicate the large absorption of one metal may affect the absorption of
another metal in the ginger plant. The other metals have a weak negative or pos-
itive correlation indicating that the presence or absence of one metal has an ef-
fect to a lesser extent on the other. According to Kraus (2002) and Santos (2009),
with increasing application of potassium, the content of Fe and Cu decreases in
plant tissues [68] [69]. Therefore, the interaction of K with Fe and Cu is antago-
nistic. This could be the reason behind the negative correlation of K with Fe in

ginger.

Table 10. Pearson Correlation matrices for metals in ginger sample.

Na K Mg Ca Fe Zn Mn Pb

Na 1

K -0.517* 1
Mg 0.180  —0.773** 1

Ca —-0.780**  —0.034 0.213 1

Fe -0.120  -0.750**  0.787** 0.588* 1

Zn —-0.794**  0.011 0.274 0.921** 0.490 1
Mn —-0.542*  -0.243 0.408 0.667**  0.755** 0.537* 1

Pb 0.137 -0.218 —-0.140 0.131 0.145 0.001 0.001 1

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).

4. Conclusion

The optimized wet digestion method was used and evaluated by spiking ginger
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and soil samples and their percentage recoveries were within the range of 90% -
100.6% which was within the acceptable range. The result showed that ginger
accumulates relatively higher amounts of K, Mg, and Ca among the determined
essential metals. Non-essential metals analyzed in this study were below the
permissible ranges presented by FAO/WHO standards. Hence, the plant is safe
for dietary and medicinal uses with reference to analyzed metals. A positive cor-
relation between metals in the ginger and soil was obtained for Mg, Zn, K, and
Mn indicating that the more level of metals in the soil, the more accumulation of
corresponding metals in the ginger. The studied soil was found to be acidic in
nature, sandy clay loam in texture, very low electrical conductivity and a mod-

erate level of (CEC, organic carbon, available phosphorus, and total nitrogen).
Conflicts of Interest
The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Kizhakkayil, J. and Sasikumar, B. (2011) Diversity, Characterization and Utilization
of Ginger: A Review. Plant Genetic Resources. Characterization and Utilization, 9,
464-477. https://doi.org/10.1017/51479262111000670

[2] Park, E.J. and Pizzuto, J.M. (2002) Botanicals in Cancer Chemoprevention. Cancer
and Metastasis Reviews, 21, 231-255. https://doi.org/10.1023/A:1021254725842

[3] Purseglove, J.W. (1972) Tropical Crops, Monocotyledons. Longman Group Limited,
London, 52-54.

[4] TJansen, P.C.M. (1981) Spices, Condiments and Medicinal Plants in Ethiopia, Their
Taxonomy and Agricultural Significance. Center for Agri. Publishing and Docu-
mentation, Wageningen, 1-132.

[5] MOARD (2007) Annual Yield Assessment Report. Results on Area, Production and
Yield a Coffee, Tea and Spices. Statistical Bulletin 150. Addis Ababa.

[6] Argaw, M., Alamerew, S., Michael, G. and Tesfaye, A. (2011) Variability of Ginger
(Zingiber officinale Rosce) Accessions for Morphological and Some Quality Traits
in Ethiopia. International Journal of Agricultural Research, 6, 444-457.
https://doi.org/10.3923/ijar.2011.444.457

[7] Adeyeye, E.I (2005) Distribution of Major Elements (Na K, Ca, Mg) in the Various
Anatomical Parts of Fadama Crops in Ekiti State Nigeria. Bulletin of the Chemical
Society of Ethiopia, 19, 175-183. https://doi.org/10.4314/bcse.v19i2.21123

[8] Abdullahi, M.S., Uzairu, A. and Okunola, O.]. (2008) Determination of Some Trace
Metal Levels in Onion Leaves from Irrigated Farmlands on the Bank of River Chal-
lawa, Nigeria. African Journal of Biotechnology, 7, 1526-1529.

[9] Jung, M.C. (2008) Heavy Metal Concentrations in Soils and Factors Affecting Metal
Uptake by Plants in the Vicinity of a Korean Cu-W Mine. Sensors, 8, 2413-2423.
https://doi.org/10.3390/s8042413

[10] Phuong, N. and John, C. (2014) Determination of Major Elements in Fruit Juices
Using the Agilent 4200 MP-AES with the Agilent 4107 Nitrogen Generator Applica-
tion Note. Agilent Technologies, Inc., Publication Number: 5991-3613EN.
http://hpst.cz/sites/default/files/uploaded_files/5991 3613en.pdf

DOI: 10.4236/jacen.2020.94021

294 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2020.94021
https://doi.org/10.1017/S1479262111000670
https://doi.org/10.1023/A:1021254725842
https://doi.org/10.3923/ijar.2011.444.457
https://doi.org/10.4314/bcse.v19i2.21123
https://doi.org/10.3390/s8042413
http://hpst.cz/sites/default/files/uploaded_files/5991%203613en.pdf

F.T. Kaba et al.

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

Ogunwandea, I.A. and Olawore, N.O. (2004) Heavy Trace Metals and Macronutrients
Status in Herbal Plants of Nigeria. Food Chemistry, 85, 67-71.
https://doi.org/10.1016/j.foodchem.2003.06.004

Devi, K.N., Sarma, H.N. and Kumar, S. (2008) Estimation of Essential and Trace
Elements in Some Medicinal Plants by PIXE and PIGE Techniques. Nuclear In-
struments and Methods in Physics Research B, 266, 1605-1610.
https://doi.org/10.1016/j.nimb.2007.12.004

Marina, S. and Fatma, H. (2012) Chemical Composition and Mineral Contents of
Zingiber Officinale and Alpinia Allughas (Zingiberaceae) Rhizomes. International
Journal of Chemical and Biochemical Sciences, 2, 101-104.

Luminita, P., Bordean, D.M., Popescu, I, Sirbulescu, C. and Draghici, G. (2014)
Profile of Mineral Compounds from Ginger (Zingiber officinale). Lucrdri Stiintifice,
Seria I, 16, 132-135.

Wolaita Zone Bureau of Planning and Economic Development (WZBoPED) (2004)
Annual Report.

Jones, J.B. (2001) Laboratory Guide for Conducting Soil Tests and Plant Analysis.
CRC Press LLC, N.W. Corporate Blvd, Boca Raton.
https://doi.org/10.1201/9781420025293

AOAC (1990) Official Methods of Analysis. 15th Edition, Association of Official
Analytical Chemist, Washington DC.

Hur, J., Yimb, S. and Schlautman, M.A. (2003) Copper Leaching from Brake Wear
Debris in Standard Extraction Solutions. Journal of Environmental Monitoring, 5,
837-843. https://doi.org/10.1039/b303820c¢

Huang, L., Bell, R W., Dell, B. and Woodward, J. (2004) Rapid Nitric Acid Digestion
of Plant Material with an Open-Vessel Microwave System. Communications in Soil
Science and Plant Analysis, 35, 427-440. https://doi.org/10.1081/CSS-120029723

Gaudino, S.C., Galas, M., Belli, S., Barbizzi, P., Zorzi, R., Jacimovic, Z., Jeran, A., Pa-
ti and Sansone, U. (2007) The Role of Different Soil Sample Digestion Methods on
Trace Elements Analysis: A Comparison of ICP-MS and INAA Measurement Re-
sults. Journal for Quality, Comparability and Reliability in Chemical Measurement, 12,
84-93. https://doi.org/10.1007/s00769-006-0238-1

Wilson, B.A., Braithwaite and Pyatt, F.B. (2005) An Evaluation of Procedures for
the Digestion of Soils and Vegetation from Areas with Metalliferous Pollution.
Toxicological and Environmental Chemistry, 87, 335-344.
https://doi.org/10.1080/02772240500165570

Chauhan, A., Mittu, B. and Chauhan, P. (2015) Analytical Method Development
and Validation: A Concise Review. Journal of Analytical and Bioanalytical Tech-
niques, 6, 1-5.

Miller, J.N. and Miller, J.C. (2005) Statistics and Chemometrics for Analytical Che-
mistry. Pearson Education Limited, London.

SAS Institute Inc. (2009) SAS/STAT 9.1 User’s Guide. 2nd Edition, SAS Institute
Inc., Cary.

Hight, S.C. (1998) Flame Atomic Absorption Spectrometric Determination of Lead
and Cadmium Extracted from Ceramic Food Ware. Food and Drug Administration,
Division of Field Science, Rockville, MD. Food and Drug Administration. Labora-
tory Information Bulletin, No. 4126.

Brady, N.C. and Weil, R.R. (2002) The Nature and Properties of Soils. 13th Edition,
Prentice Hall Inc., Upper Saddle River, 960 p.

DOI: 10.4236/jacen.2020.94021

295 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2020.94021
https://doi.org/10.1016/j.foodchem.2003.06.004
https://doi.org/10.1016/j.nimb.2007.12.004
https://doi.org/10.1201/9781420025293
https://doi.org/10.1039/b303820c
https://doi.org/10.1081/CSS-120029723
https://doi.org/10.1007/s00769-006-0238-1
https://doi.org/10.1080/02772240500165570

F.T.Kabaetal.

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

[42]

[43]

Jones, J.B. (2003) Agronomic Handbook: Management of Crops, Soils and Their
Fertility. CRC Press LLC, Boca Raton. https://doi.org/10.1201/9781420041507

Iwara, AL, Gani, B.S., Adeyemi, J.A. and Ewa, E.E. (2013) Effect of Road Construc-
tion on Adjoining Soil Properties in Tinapa Resort, South-Southern Nigeria. Open

Journal of Advanced Engineering Techniques, 1, 42-48.

Nega, E. and Heluf, G. (2013) Effect of Land Use Changes and Soil Depth on Or-
ganic Matter, Total and Available Phosphorous Contents of Soils in Senbat Wa-
tershed, Western Ethiopia. Journal of Agriculture and Biological Science, 8,
206-212.

Singaravel, R. and Govindamsamy, R. (2000) Practical Manual for Soil Fertility, Fer-
tilizers and Manures. International Journal of Ecology, 35, 21-27.

Tizita, E. (2014) Dynamics of Soil Physico-Chemical Properties in Area Closures at
Hirna Watershed of West Hararghe Zone of Oromia Region, Ethiopia. MSc Thesis
Submitted to the School of Natural Resources Management and Environmental
Sciences, School of Graduate Studies.

Brook, R.H. (1983) International Course on Soil and Plant Analysis: Lecture Notes.
Service Laboratory for Soil, Plant and Water Analysis, Soil Science Department,
Faculty of Agriculture, Minia University, Minia.

Gao, G. and Chang, C. (1996) Changes in CEC and Particle Size Distribution of
Soils. Soil Science, 161, 115-120.
https://doi.org/10.1097/00010694-199602000-00006

Tekalign, T., Haque, I. and Aduayi, E.A. (1991) Soil, Plant, Water, Fertilizer, Animal
Manure and Compost Analysis Manual. Plant Science Division Working Document
No. 13. International Livestock Research Center for Africa, Addis Ababa.

Mesfin, B. (2017) Assessment of Soil Properties in Some Selected Parts of Ethiopia.
American- Eurasian Journal of Agricultural & Environmental Sciences, 17, 143-147.

Havlin, J.L., Beaton, ].D., Tisdale, S.L. and Nelson, W.L. (1999) Soil Fertility and
Fertilizers. Prentice Hall, Upper Saddle River, 345-355.

Wakene, N. and Heluf, G. (2003) Forms of Phosphorus and Status of Available Mi-
cronutrients under Different Land-Use Systems of Alfisols in Bako Area of Ethiopia.
Ethiopian Journal of Natural Resources, 5, 17-37.

Tuma, A. (2007) Effects of Fruit Based Land Use Systems on Soil Physicochemical
Properties: The Case of Smallholders Farming Systems in Gamo Gofa, Southern
Ethiopia. MSc. Thesis, Hawassa University, Awassa, 52-93.

Olsen, S.R., Cole, C.V., Watanable, F.S. and Dean, L.A. (1954) Estimation of a Va-
riable Phosphorus in Soil by Extraction with Sodium Bicarbonate. USDA Circular,
No. 939, 1-19.

Vance, C.P., Stone, C.U. and Allan, D. (2003) Phosphorus Acquisition and Use:
Critical Adaptation by for Securing Non-Renewable Resources. New Phytologist,
15, 423-447. https://doi.org/10.1046/j.1469-8137.2003.00695.x

Ayenew, A., Gebremariam, B. and Ephrem, E. (2014) Levels of Essential and Toxic
Metals in Ethiopian Khat, (Catha edulis Forsk.). Ethiopian Journal of Environmen-
tal Studies & Management, 7, 289-297. https://doi.org/10.4314/ejesm.v7i3.8

Minaleshewa, A., Chandravanshi, B.S. and Mesfin, R. (2010) Concentration Levels
of Essential and Non-Essential Metals in Ethiopian Khat (Catha edulis Forsk). Bio-
logical Trace Element Research, 138, 316-325.
https://doi.org/10.1007/s12011-010-8617-1

Sailus M.I. (2014) Determination of the Levels of Selected Heavy Metals in Soil and

DOI: 10.4236/jacen.2020.94021

296 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2020.94021
https://doi.org/10.1201/9781420041507
https://doi.org/10.1097/00010694-199602000-00006
https://doi.org/10.1046/j.1469-8137.2003.00695.x
https://doi.org/10.4314/ejesm.v7i3.8
https://doi.org/10.1007/s12011-010-8617-1

F.T. Kaba et al.

(44]

(45]

[46]

(47]

(48]
(49]

(50]

(51]

(52]

(53]

(54]

(55]

[56]

(571

(58]

in Khat (Catha edulis Forsk) Grown in Kenya. MSc. Thesis, Kenyatta University,
Nairobi.

Weeraratna, C.S., Watson, M. and Wettasingha, D.T. (1977) Effect of Mineraliza-
tion of Tea Pruning on Some Soil Characteristics. Plant and Soil, 46, 93-99.
https://doi.org/10.1007/BF00693116

Ishibashi, Y., Matsuo, H., Baba, Y., Nagafuchi, Y., Imato, T. and Hirata, T. (2004)
Association of Manganese Effluent with the Application of Fertilizer and Manure
on Tea Field. Water Research, 38, 2821-2826.
https://doi.org/10.1016/j.watres.2004.04.006

Oluwatoyin, A. (2014) Physico-Chemical Characterization, and Antioxidant Prop-
erties of the Seeds and Oils of Ginger (Zingiber officinale) and Garlic (Allium sati-
vum). Science Journal of Chemistry, 2, 44-50.
https://doi.org/10.11648/j.5c.20140206.11

Marijan, A.N. and Cosmos, O.A. (2010) Heavy Metal Content of Some Common
Spices Available in Markets in the Kumasi Metropolis of Ghana. American Journal
of Scientific and Industrial Research, 1, 158-163.
https://doi.org/10.5251/ajsir.2010.1.2.158.163

FAO/WHO (1984) Contaminants. In Codex Alimentarius, vol. XVII, Edition 1.

Yohannes, W. and Chandravanshi, B.S. (2015) Levels of Essential and Non-Essential
Metals in Ginger (Zingiber officinale) Cultivated in Ethiopia. SpringerPlus, 4, 107.
https://doi.org/10.1186/s40064-015-0899-5

Divrikli, U., Horzu, M.N., Soylak, M. and Elci, L. (2006) Trace Heavy Metal Con-
tents of Some Spices and Herbal Plants from Western Anatolia, Turkey. Interna-
tional Journal of Food Science & Technology, 41, 712-716.
https://doi.org/10.1111/j.1365-2621.2005.01140.x

Ajasa, AM.O., Bello, M.O., Ibrahim, A.O., Ogunwande, I.A. and Olawore, N.O.
(2004) Heavy Trace Metals and Macronutrients Status in Herbal Plants of Nigeria.
Food Chemistry, 85, 67-71. https://doi.org/10.1016/j.foodchem.2003.06.004

FAO/WHO (2001) Food Additives and Contaminants. Joint Codex Alimentarius
Commission. FAO/WHO Food Standards Program, ALINORM 10/12A, 1-289.

WHO (2005) Quality Control Methods for Medicinal Plant Materials. Revised, Ge-
neva.

Micheal, Y. (2006) Levels of Essential and Non-Essential Metals in Leaves of the Tea
Plant (Camellia sinensis L.) and Soils of Wushwush Farms, Ethiopia, Graduate
Project, Addis Ababa University, Addis Ababa.

Solomon, D., Lehmann, J., Tekalign, M., Fritzsche, F. and Zech, W. (2001) Sulfur
Fractions in Particle-Size Separates of the Sub-Humid Ethiopian Highlands as In-
fluenced by Land Use Changes. Geoderma, 102, 41-59.
https://doi.org/10.1016/S0016-7061(00)00103-8

Tessema, D. and Belete, Y. (2015) Spectroscopic Investigation of Metal Level in Aloe
Vera Plant, and the Soil Where the Aloe Vera Grows: Arba Minch, Southern Ethi-
opia. Science Publishing Group.

Feleke, D. and Chandravanshi, B.S. (2010) Study of Fennel (Foeniculum vulgari
Mill) Fruits for Major and Trace Elements Cultivated in Ethiopia. MSc. Thesis, Ad-
dis Ababa University, Addis Ababa.

Hu, Q., Pan, G. and Zhu, J. (2002) Effect of Fertilization on Selenium Content of
Tea and the Nutritional Function of Se-Enriched Tea in Rats. Plant and Soil, 238,
91-95. https://doi.org/10.1023/A:1014266613165

DOI: 10.4236/jacen.2020.94021

297 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2020.94021
https://doi.org/10.1007/BF00693116
https://doi.org/10.1016/j.watres.2004.04.006
https://doi.org/10.11648/j.sjc.20140206.11
https://doi.org/10.5251/ajsir.2010.1.2.158.163
https://doi.org/10.1186/s40064-015-0899-5
https://doi.org/10.1111/j.1365-2621.2005.01140.x
https://doi.org/10.1016/j.foodchem.2003.06.004
https://doi.org/10.1016/S0016-7061(00)00103-8
https://doi.org/10.1023/A:1014266613165

F.T.Kabaetal.

(59]

(60]

(61]

(62]

(63]

[64]

[65]

[66]

[67]

(68]

[69]

Alloway, B.J. (1995) Heavy Metals in Soils. Blackie Academics Professional Publish-
ers, London, 7-39. https://doi.org/10.1007/978-94-011-1344-1

Asada, K., Toyota, K., Nishimura, T., Ikeda, J. and Hori, K. (2010) Accumulation
and Mobility of Zinc in Soil Amended with Different Levels of Pig-Manure Compo-
site. Journal of Environmental Science and Health, 45, 285-292.
https://doi.org/10.1080/03601231003704580

IPCS (2001) Zinc. Environmental Health Criteria. World Health Organization, Ge-
neva. http://www.inchem.org/documents/ehe/ehc/ehc221.htm

Ewers, U. (1991) Standards, Guidelines and Legislative Regulations Concerning
Metals and Their Compounds. In: Merian, E., Ed., Metals and Their Compounds in
the Environment. Occurrence, Analysis and Biological Relevance, VCH, Weinheim,
458-468.

Onder, S., Dursun, S., Gezgin, S. and Demirbas, A. (2007) Determination of Heavy
Metal Pollution in Grass and Soil of City Center Green Areas, Konya, Turkey.
Polish Journal of Environmental Studies, 16, 145-154.

Reta, B. (2009) Determination of Some Major and Trace Metals Levels in Onion
(Allium cepa L.) and Irrigation Water from the Farmlands around Meki Town and
Lake Ziway, Ethiopia. MSc. Thesis, Addis Ababa University, Addis Ababa.

Zubillaga, M.S., Bressan, E. and Lavad, R.S. (2008) Heavy Metal Mobility in Polluted
Soils: Effect of Different Treatments. American Journal of Environmental Science,
4, 620-624. https://doi.org/10.3844/ajessp.2008.620.624

Cui, Y.L., Zhu, R.H.,, Zhi, RH.,, Chen, Y.Z., Huang, Y.Z. and Qiu, Y. (2004) Transfer
of Metals from Soils to Vegetables in an Area near a Smelter in Nanning, China.

Environment International, National Center for Biotechnology Information, 30,
785-791. https://doi.org/10.1016/j.envint.2004.01.003

Adane, D. and Almaz, A. (2015) Profile of Essential and Non-Essential Metals in
Soil and in Khat (Catha edulis Forsk) Leaves Cultivated in Southern Region, Ethi-
opia. American Journal of Physical Chemistry;, 4, 58-64.
https://doi.org/10.11648/j.ajpc.20150406.13

Krauss, M., Wilfgang, W., Kobza and Zech, J. (2002) Predicting Heavy Metal
Transfer from Soil to Plant: Potential Use of Freundlich-Type Functions. Journal of
Plant Nutrition and Soil Science, 165, 3-8.
https://doi.org/10.1002/1522-2624(200202)165:1<3::AID-JPLN3>3.0.CO;2-B

Santos, J. S., Santos, M. L., Conti, M. M., Santos, S.N., Oliveira, E. (2009) Evaluation
of Some Metals in Brazilian Coffees Cultivated during the Process of Conversion
from Conventional to Organic Agriculture. Food Chemistry, 115, 1405-1410.
https://doi.org/10.1016/j.foodchem.2009.01.069

DOI: 10.4236/jacen.2020.94021

298 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2020.94021
https://doi.org/10.1007/978-94-011-1344-1
https://doi.org/10.1080/03601231003704580
http://www.inchem.org/documents/ehe/ehc/ehc221.htm
https://doi.org/10.3844/ajessp.2008.620.624
https://doi.org/10.1016/j.envint.2004.01.003
https://doi.org/10.11648/j.ajpc.20150406.13
https://doi.org/10.1002/1522-2624(200202)165:1%3C3::AID-JPLN3%3E3.0.CO;2-B
https://doi.org/10.1016/j.foodchem.2009.01.069

	Levels of Selected Essential and Non-Essential Metals in the Soil and Ginger (Zingiber officinale) Cultivated in Wolaita Zone, Ethiopia
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Description of the Study Area
	2.2. Chemicals and Reagents
	2.3. Instruments and Apparatus
	2.4. Sample Collection
	2.5. Sample Preparation
	2.5.1. Preparation of Ginger Sample
	2.5.2. Preparation of Soil Sample

	2.6. Optimization of Digestion Procedure
	2.7. Digestion of Ginger Samples
	2.8. Digestion of Soil Samples
	2.9. Method Performance and Method Validation
	2.10. Statistical Analysis

	3. Results and Discussions
	3.1. Optimization of Digestion Procedure of Ginger and Soil Samples
	3.2. Analytical Method Detection Limits
	3.3. Evaluation of Analytical Method
	3.4. Physico-Chemical Properties of Soil
	3.5. Distribution of Metals in Ginger Samples
	3.6. Distribution of Metals in Soil Samples
	3.6. Correlation of Metal levels between Ginger and Soil Samples
	3.7. Correlation of Metals within Ginger Sample

	4. Conclusion
	Conflicts of Interest
	References

