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Abstract: The study was carried out to investigate the concentrations of micronutrients (Fe, Zn, Cu, Mn and
Mo) in agricultural soils and garlic (Allium sativum L.) grown on those soils and to evaluate the soil-plant
transfer factors. The samples were collected from four Kebeles of Ambo District (Awaro Qora, Gosu Qora,
Qibafikube and Elamu Goromti), West Shoa Zone, Ethiopia. Acid digestion method using a mixture of 4 ml HNO3

and 1 ml HClO  was used for digestion of the garlic bulb and leaf samples and a mixture of 6 ml aquaregia and4

1.5 ml H O  was used for digestion of the soil samples. The micronutrient concentration levels of metals in soils,2 2

garlic bulbs and leaves were measured by inductively coupled plasma-optical emission spectrometry (ICP-OES).
The transfer factors (TF) from soil to garlic bulb and from the soil to garlic leaf were calculated and results
showed that the range of transfer factors (TF) of the soil to garlic bulb were: 0.48 – 0.72% for Fe, 27.8 – 47.6%
for Zn, 21 – 42.8% for Cu, 4.74 – 5.98% for Mn and 41.1 – 88.9% for Mo. The range of transfer factors (TF) of
the soil to garlic leaf were: 0.55 – 0.77% for Fe, 50.7 – 91.7% for Zn, 22 – 43.1% for Cu, 23.5 – 68.2% for Mn and
39.1 – 121% for Mo. The transfer factors were higher in the garlic leaves than garlic bulbs. The micronutrients
content in the soils were below the critical values for plant growth. A high percentage of soil-plant transfer
coefficients suggested there is a higher mobility of micronutrients from soils to garlic bulb and from soil to garlic
leaf. It was concluded that the uptake of element by plants depends upon the type of soil and the concentration
of available elements.
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INTRODUCTION all other living things need food for their growth and

Soil is unconsolidated minerals and organic material K, Ca, Mg, S, Fe, Zn, Mn, Cu, B, Mo and chlorides are
found on the immediate earth surface that serves as a supplies either from soil minerals and soil organic matter
natural medium for plants growth and other or by organic and inorganic fertilizers [5].
developmental activities [1]. Soil is composed of mineral Soil fertility is an important factor, which determines
constituents, organic matter  (humus), living organisms, the growth of plant. Soil fertility is determined by the
air and water and it regulates the natural cycles of these presence or absence of nutrients i.e. macro and
components [2, 3]. Soils are complex systems, considered micronutrients [6, 7]. Soil is an important medium on which
as multi-component systems and can act as physical, plants grow and obtain nutrients for their growth and
chemical and biological reactors. Soils are the main source development. For optimal growth and development, 16
of nutrient elements for plants and soil conditions play a essential  elements  are  required  by agricultural crops.
crucial role in metal ion behavior. Soil properties, metal The nutrients taken-up by the plants in higher
speciation, plant species, water regime and especially soil concentrations are categorized as macronutrients, while
plant interactions determine the bioavailability of soil micronutrients are the one needed in smaller quantities for
metal ions [4]. plant growth [8]. Out of the 16 plants nutrients Zinc,

Soil is generally loose material composed of Copper, Iron, Manganese, Molybdenum, Boron and
weathered rock and other minerals and the partly decayed Chlorine are referred as micronutrients. These elements
organic matter that covers large parts of earth. Plants like are required in smaller quantities for plant growth [6-8].

development. Plant require 16 essential elements like N, P,
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Although micronutrients are required in minute Shoa Zone, Ethiopia. The determination of Fe, Zn, Cu, Mn
quantities but have the same agronomic importance as and Mo content in soils, garlic bulbs and leaves were
macronutrients  have  and play a vital role in the growth determined by inductively coupled plasma optical
of plants. Micronutrients also increase plant productivity, emission spectrometry (ICP-OES).
leaf and grain yield [6]. Micronutrients are mostly found
in soils in low quantities, with the exception of Fe. Iron is MATERIALS AND METHODS
a micronutrient because it is required in small amounts by
plants and it can become deficient due to insolubility at Study Area: This study was conducted in 4 Kebeles of
high pH [4]. Ambo District (Awaro Qora, Gosu Qora, Qibafkube and

Soil-to-plant transfer of heavy metals is the major Elamu Goromti). Ambo is the capital city of West Shoa
path way of human exposure to metal contamination [9]. Zone of Oromia Region, Ethiopia lies between latitude
The soil-to-plant transfer factor quantifies the relative 8°59'N and longitude 37°51'E. The town is located with an
differences in bioavailability of metals to plants. Transfer elevation of 2101 meters above sea level. The temperature
factor is a parameter used to describe the transfer of ranges from 15°C-29°C with average temperature of 22°C
metals from soil to plant body and is a function of both (Figure 1).
soil and plant properties [9-11]. The soil-plant transfer of
metal ions is a part of the cycling of chemical elements in Reagents: All the reagents used were of the analytical
nature. It is a very complex process governed by several grade (Uni-Chem , India). The working solutions were
factors, both natural and anthropogenic. In general, plants prepared immediately before the analysis from the stock
readily take up the species of trace elements that are standard solutions of concentration 1000 mg/L for all
dissolved in the soil solution in either ionic or cheated or metals. For the preparation of standard solutions distilled
complexes forms [4]. The up-take of metals by roots water with conductivity of < 2.0 µS/cm was used. The
mainly depends on metal and soil characteristics and plant glassware and polyethylene containers used for analysis
species etc. Thus, metal mobility in plants is very were washed with tap water, then soaked over the night
important to determine the effect of soil contamination on in 6 M HNO  solution and rinsed several times with
plant-metal uptake [12]. distilled water to eliminate absorbance due to detergent.

Garlic (Allium sativum L.) is one of the important
Allium plant grown in Ambo District, West Shewa Zone Apparatus: An analytical balance with an accuracy of
of Oromia Regional State, Ethiopia. Garlic is cultivated ±0.0001 g (Model AA-200DS, Deriver Instrument
worldwide and consumed by almost every culture as a Company, Germany) was used for weighing the samples.
popular condiment and green vegetable [13]. Garlic has Digestive Furnace (Model: KDN-20C China) was used to
been used throughout its history for both culinary and digest the dried and powdered garlic bulb, leaf and soil
medicinal purposes [14]. These crops have great samples. Inductively coupled plasma-optical emission
economic importance, especially as a result of changing spectrometry (ICP-OES) model Agilent 720, Australia) was
consumer habits towards healthy eating and increased used for determination of the micronutrients.
awareness of their healing properties. Analyses of the
content of micronutrients are generally carried out to Garlic Sample Collection and Pretreatment: The garlic
evaluate plant development. The plant ability to take up samples  were  collected  from  the four agricultural
micronutrients from the soil may also be evaluated by Kebeles of Ambo District (Awaro Qora, Gosu Qora,
determining the ratio of the total element concentration in Qibafkube and Elamu Goromti) in the month of February
the plant to the total element concentration in soil and this 2015. From each site, five different sub-sites (farm lands)
ratio is called “transfer factor” or “transfer coefficient”. were randomly chosen. Five fresh garlic samples were

The main objectives of the present study were to collected from centers and corners of each sub-farm land
determine the levels of the micronutrients (Fe, Zn, Cu, Mn and mixed together to form a composite sample that
and Mo) in soils, garlic bulb and leaf samples and to represents each sampling areas. Finally, four garlic bulk
determine the transfer factor of these elements to evaluate samples one from each stated areas were collected in
potential health effect of the people those who consumes polyethylene bags properly labeled and transported into
this vegetable in various locations of Ambo District, West the laboratory.

®

3
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Fig. 1: Map of the study area

The bulb and leaf parts of the garlic were separated for 2 hours to obtain a transparent solution of the digest.
from the roots, washed with tape water then distilled water After cooling, the digested sample was filtered using
and left to dry at room temperature. The bulbs were peeled Whatman No. 41 filter paper and the filtrate was finally
and rinsed with distilled water. All the samples were cut made up to 50 mL with distilled water. Triplicate digestion
into small sizes to facilitate drying of the pieces at the of each sample was carried out together with blank digest.
same rate and subsequently dried in the drying oven at The digested samples were transferred to acid washed
80°C for 48 hours to constant weight. The dried samples glass bottle, labeled and then the quantitation of
were ground into powder with mortar and pestle and then micronutrient content of the digested samples was carried
passed through a 0.5 mm mesh size sieve. The samples out with ICP-OES.
were kept in plastic containers in a desiccator until
analysis. Digestion  of  Allium  sativum  Bulb and Leaf Samples:

Soil Sample Collection and Pretreatment: Soil samples
were taken from the fields selected for garlic collection by
digging at the depths of 0-15 cm representing the top soil.
At each location, the soil samples were taken from five
different sub-sites (farmlands) randomly to provide
replicate samples of each plant. The samples collected
from the five farmlands were bulked and representative
four samples from each four kebeles were collected in
polyethylene bags and taken to the laboratory for
pretreatment and analysis. 

The soil samples were air-dried at room temperature
for a weak in the laboratory. The dried soil samples were
ground with porcelain mortar and pestle, then sieved
through a 0.5 mm mesh size sieve and stored in polythene
containers until analysis.

Digestion of the Soil Samples: 0.5 g of each soil samples
were taken in to a digestive tubes containing a mixture of
6 ml aqua regia (4.5 ml HCl + 1.5 ml HNO ) and 1.5 ml H O .3 2 2

The mixture was digested in a digestive furnace (Model:
KDN-20C, China) at 150 °C for 1 hour and then at 180 °C

0.5 g of each garlic bulb and leaf samples were taken in to
a digestive tubes containing 4 mL of HNO  and 1mL3

HClO  (4:1 v/v rati0). The mixture was digested in a4

digestive furnace (Model: KDN-20C, China) at 150 °C for
1 hour and then at 175 °C for 2 hours to obtain a
transparent solution of the digest. After cooling, the
digested sample was filtered using Whatman No. 41 filter
paper and the filtrate was finally made up to 50 mL with
distilled water. Triplicate digestion of each sample
together with blank was also carried out. The digested
samples were transferred to acid washed glass bottle,
labeled and then the quantitation of micronutrient content
of the digested samples was carried out with ICP-OES.

Elemental Analyses of Soil and Garlic Samples: Blank
and standard solutions of each metal to be determined
were prepared and the concentrations of Fe, Zn, Cu, Mn
and Mo in the samples were determined by using
inductively coupled plasma-optical emission spectrometry
(ICP-OES, Model Agilent 720, Australia). All analyses
were carried out in three replicates.
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Transfer Factors (TF) for Metals from Soil to Plant: The value of Zn was obtained in Qibafikube soil and the
soil-to-plant transfer factor quantifies the relative highest  value  of  Zn  was  obtained in Gosu Qora soil.
differences  in  bioavailability of metals to plants. Transfer The level of Zn in the garlic bulb samples were in the
Factor (TF) or bio-concentration factor (BCF) is a range of 31.17–35.39 mg kg . The lowest value of Zn was
parameter used to describe the transfer of metals from soil recorded in Qibafikube garlic bulb and the highest value
to plant body and is a function of both soil and plant of Zn was recorded in Gosu Qora garlic bulb. The content
properties. The transfer coefficient is calculated by of Zn in the garlic leaf samples were in the range of
dividing the concentration of a metal in a plant by the 49.1–71.39 mg kg . Awaro Qora and Elamu Goromti
total metal concentration in the soil. Higher transfer recorded the lowest and highest amount of Zn in the
coefficient represents relatively poor retention in soils or garlic leaf, respectively.
greater efficiency of plants to absorb metals. Low The content of copper in the soil samples were in the
coefficient demonstrates the strong sorption of metals to range of 14.91–24.55 mg kg . The lowest value of Cu was
the soil colloids [10, 11]. The transfer factors (TF) were obtained in Gosu Qora soil and the highest value of Cu
calculated as: was obtained in Elamu Goromti soil. The level of Cu in the

kg . The lowest value of Cu was recorded in Awaro Qora

where, C : metal concentration in plant, mg kg  and Qibafikube garlic bulb. The content of Cu in the garlic leafplant
1

C : metal concentration in soil, mg kg  [11, 15]. samples were in the range of 5.41–8.44 mg kg . Gosusoil
1

Statistical Analysis: All data are presented as mean amount of Cu in the garlic leaf, respectively. 
values of triplicate experiments. Statistical analysis of the The level of manganese in the soil samples were in
data was carried out using analysis of variance (ANOVA). the range of 101.05–125.67 mg kg and the levels of Mn
The regression and other statistical analyses were in the garlic bulb samples were in the range of 5.27–7.51
conducted using Statistical software. mg kg . The lowest value of Mn in the soil and garlic

RESULTS AND DISCUSSION value of Mn in the soil and garlic bulb was obtained in

Average Concentrations of Micronutrients: The samples were in the range of 26.74–72.36 mg kg . Awaro
concentration of micronutrients in the surface soils, garlic Qora and Elamu Goromti recorded the lowest and highest
bulbs and leaves are given in Table 1. amount of Mn in the garlic leaf, respectively.

The analysis of the garlic and soil samples showed The level of molybdenum (Mo) in the soil samples
that soil samples contained high levels of micronutrients, were in the range of 1.90–2.58 mg kg . The lowest value
since soils play an important role in the accumulation and of Mo was obtained in Gosu Qora soil and the highest
availability of metal species for plant uptake. In addition, value of Mo was obtained in Elamu Goromti soil. The level
the results show that the levels of micronutrients were of Mo in the garlic bulb samples were in the range of
higher in the leaves than the bulbs. 0.67–1.17 mg kg . The lowest value of Mo was recorded

The level of iron in the soil samples were in the range in Awaro Qora garlic bulb and the highest value of Mo
of 12436–15638 mg kg . The lowest value of Fe was was  recorded  in  Qibafkube garlic bulb. The content of1

obtained in Awaro Qora soil and the highest value of Fe Mo in the garlic leaf samples were in the range of
was obtained in Qibafikube soil. The level of Fe in the 0.94–1.41 mg kg . Gosu Qora and Elamu Goromti
garlic bulb samples were in the range of 63.44–91.24 mg recorded the lowest and highest amount of Fe in the garlic
kg . The lowest value of Fe was recorded in Elamu leaf, respectively. Iron is present in higher concentration1

Goromti garlic bulb and the highest value of Fe was in soil than others.
recorded in Gosu Qora garlic bulb. The content of Fe in The average concentrations of the micronutrients in
the garlic leaf samples were in the range of 72.3–108 mg garlic bulb and leaf samples followed the order: Fe > Zn >
kg . Elamu Goromti and Gosu Qora recorded the lowest Mn > Cu > Mo while average concentrations of the1

and highest amount of Fe in the garlic leaf, respectively. micronutrients  in  the  soil  samples  followed  the order:
Iron is present in higher concentration in soil than others. Fe > Mn > Zn > Cu > Mo. All the microelements (Cu, Fe,

The concentration level of zinc in the soil samples Zn, Mn and Mo) in the garlic bulb and leaf samples were
were in the range of 74.29–112.2 mg kg . The lowest within the maximum permissible limits.1

1

1

1

garlic bulb samples were in the range of 4.21–7.16 mg
1

garlic bulb and the highest value of Cu was recorded in

1

Qora and Awaro Qora recorded the lowest and highest

1

1

bulb was obtained in Qibafikube site and the highest

Gosu Qora site. The content of Mn in the garlic leaf
1

1

1

1
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Table 1: Average concentrations of micronutrients (mg/kg dry weight) of soil, garlic bulb and garlic leaf samples, mean ± standard deviation (n = 3)
Micronutrients (mg kg )1

----------------------------------------------------------------------------------------------------------------------------------------------------
Location Sample Fe Zn Cu Mn Mo
Awaro Qora Soil 12436 ± 123 96.12 ± 2.85 19.59 ± 0.69 113.56 ± 1.37 2.04 ± 0.32

Bulb 89.56 ± 0.09 31.68 ± 0.05 4.21 ± 0.16 5.38 ± 0.05 0.67 ± 0.08
Leaf 94.20 ± 1.89 49.10 ± 0.26 8.44 ± 2.13 26.74 ± 0.09 0.96 ± 0.07

Gosu Qora Soil 14106 ± 201 112.2 ± 3.17 24.55 ± 1.32 125.67 ± 2.04 1.90 ± 0.17
Bulb 91.24 ± 0.18 31.17 ± 0.28 5.16 ± 0.22 7.51 ± 0.13 0.83 ± 0.09
Leaf 108 ± 3.12 56.87 ± 1.29 5.41 ± 0.18 33.78 ± 0.26 0.94 ± 0.19

Qibafikube Soil 15638 ± 241 74.29 ± 3.10 16.73 ± 0.81 101.05 ± 0.68 2.55 ± 0.17
Bulb 85.82 ± 0.58 35.39 ± 0.98 7.16 ± 0.25 5.27 ± 0.04 1.17 ± 0.07
Leaf 86 ± 1.17 68.14 ± 1.59 7.18 ± 0.41 58.67 ± 0.43 1.24 ± 0.05

Elamu Goromti Soil 13157 ± 211 79.08 ± 7.54 14.91 ± 1.11 106.08 ± 1.49 2.58 ± 0.46
Bulb 63.44 ± 0.53 34.39 ± 0.06 5.01 ± 0.18 5.49 ± 0.06 1.06 ± 0.05
Leaf 72.30 ± 0.81 71.39 ± 0.62 6.33 ± 0.33 72.36 ± 0.74 1.41 ± 0.05

Soil-Plant Transfer Study: Soil-to-plant transfer is one of From Table 2, the transfer factor of manganese
the key components of human exposure to metals through
food chain. The transfer factors of the metals from soil to
garlic bulb and from soil to garlic leaf were studied [14,
15]. Transfer factors were computed for the metals to
quantify the relative differences in bioavailability of
metals to the plant or to identify the efficiency of the plant
to accumulate metals. These factors were based on the
roots uptake of the metals land discount the foliar
absorption of metal deposits [16]. The soil-plant transfer
coefficients were calculated as the ratio of the metal
concentration in the plant to the metal concentration in
the corresponding soil [17]. The transfer factors of the
micronutrients from soil to garlic bulb and from soil to
garlic leaf are presented in Table 2.

The transfer factor of zinc ranged from 27.8 to 47.6 %
in garlic bulb and from 50.7 to 91.7 % in garlic leaf. Zinc
was characterized by the highest soil-plant transfer
coefficients   and    the     highest     phytoaccumulation
(Zn soil-plant transfer coefficients ranged from 27.8% to
91.7%) of all the micronutrients in this study. Higher
transfer factor reflects relatively poor retention in soils or
greater efficiency of plants to absorbs metals [18].

From Table 2 shows, the transfer factor of
molybdenum ranged from 32.8 to 45.8% in garlic bulb and
from 47.1 to 54.7% in garlic leaf. Molybdenum was
characterized as the second soil-plant transfer coefficients
next to zinc in garlic bulb and leaf from the studied
micronutrients.

As can be seen from Table 2, the transfer factor of
copper  ranged  from 21 to 42.8 % in garlic bulb and from
22 to 43.1% in garlic leaf. Copper was characterized as the
third soil-plant transfer coefficients next to zinc and
molybdenum in garlic bulb from the studied
micronutrients.

ranged from 4.74 to 5.98 % in garlic bulb and from 23.5 to
68.2 % in garlic leaf samples. Manganese is an essential
micronutrient and has very important biological functions
in plant growth, but at high concentrations it can also
cause toxicity.

The  calculated  soil-plant  transfer  coefficients of
iron  were  very   low.  It  ranged  from  0.48  to  0.72 % in
garlic  bulb  and  from  0.55  to  0.77  %   in  garlic leaf
(Table 2). This indicated that the content of
phytoavailable  Fe  and   its   soil-plant   mobility  were
very low. In addition, Fe was mostly inert to the plants
ability to uptake this micronutrient in spite of the fact that
Fe was found at very high concentration levels in the
soils of the sampling sites. Lower transfer factor
demonstrates the strong sorption of metals to the soil
colloids [18].

The  results  in  Table  2  showed  that  Zn,  Mo and
Cu  were  the  most  phytoavailable  having highest
transfer factors among the investigated micronutrients.
These might be due to higher mobility of these
micronutrients with a natural occurrence in soil and low
retention of them in the soil than the other elements.
These metal species were significantly absorbed and
accumulated by the plants under study. In this study, the
elemental sequence of transfer ability in garlic bulb is in
the order of: Zn > Mo > Cu > Mn > Fe while the elemental
sequence of transfer ability in garlic leaf is in the order of:
Zn > Mo > Mn > Cu > Fe. The transfer factors of garlic
leaves were greater than the transfer factors of garlic
bulbs. The pattern of metal accumulation in plants
depends on physical, chemical and biological processes
of metals in the growing environment as well as the
physiology of plants.
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Table 2: Soil-plant transfer coefficients (transfer factors) in percentages (%)
Micronutrients
-----------------------------------------------------------------------------------------------------------------------------

Location Sample Fe Zn Cu Mn Mo
Awaro Qora garlic bulb 0.72 33.0 21.5 4.74 32.8

garlic leaf 0.76 51.1 43.1 23.5 47.1
Gosu Qora garlic bulb 0.65 27.8 21.0 5.98 43.7

garlic leaf 0.77 50.7 22.0 26.9 49.5
Qibafikube garlic bulb 0.55 47.6 42.8 5.22 45.8

garlic leaf 0.55 91.7 42.9 58.1 48.6
Elamu Goromti garlic bulb 0.48 43.5 33.6 5.18 41.1

garlic leaf 0.55 90.3 42.5 68.2 54.7

Table 3: Correlation coefficient (r) values of the association of micronutrients between garlic bulb and soil and between garlic leaf and soil samples
Elements Correlation coefficient (r) between garlic bulb and soil Correlation coefficient (r) between garlic leaf and soil
Fe 0.213 0.061
Zn -0.999 -0.941
Cu -0.280 -0.349
Mn 0.890 -0.715
Mo -0.091 -0.821

Pearson Correlation Analysis: Pearson’s correlation study, the soil-to-plant transfer factor (TF) for
coefficients of mean level of micronutrients from all the micronutrients and Allium sativum bulb and leaf parts
sample sites (n = 4) between garlic bulb and soil and consumed by human being were calculated (Table 2) and
between garlic leaf and soil were analyzed at p = 0.05. the data showed that the TF values differed significantly
According to literatures, if correlation coefficient is 1.0, between locations and plant parts. The difference in TF
there is complete dependency, if it is 0.0 there is no values between locations may be related to soil nutrient
relationship, if it is negative, both are said to be correlated management and soil properties.
in opposite direction. However, if correlation is > 0.50, it The transfer factor is an indication of the plant
is said to be significant and less significant when < 0.50 species ability or tendency to uptake a certain element
[19]. from the soil. The mobility of metals from soil to plants is

The values of Pearson correlation coefficients a function of the physical and chemical properties of the
between metal concentrations of garlic bulb and soil and soil and of vegetable species and is altered by
garlic leaf and soil samples are given in Table 3. innumerable environmental and human factors. The

As can be seen from Table 3, statistically significant transfer factors of garlic leaves were greater than the
positive correlation coefficients for Mn (r = 0.890) was transfer factors of garlic bulbs. From the studied
established between metal concentrations in garlic bulb micronutrients Zn, Mo and Cu were the most
and soil samples. There was weak positive correlations for phytoavailable having highest transfer factors among the
Fe (r = 0.213). There were negative insignificant investigated micronutrients. These might be due to higher
correlations  for  Zn,  Cu  and  Mo  between  garlic bulb mobility of these micronutrients with a natural occurrence
and soil samples. The weak negative insignificant in soil and low retention of them in the soil than the other
correlation indicates there was weak association between elements. All the microelements (Fe, Zn, Cu, Mn and Mo)
Allium sativum bulb and soil samples at both locations. in the garlic bulb and leaf samples were within the
From Table 3, there was weak positive correlations for Fe maximum permissible limits.
(r = 0.061). There were negative insignificant correlations The results of this study can be useful to predict
for Zn, Mn, Cu and Mo between garlic leaf and soil qualitative metal transfer mobility in similar soil-plant
samples. systems in different regions of the world. It can be

CONCLUSION and the soil-plant transfer coefficients confirmed that the

Soil-to-plant transfer is one of the key components of content of micronutrients that permit the satisfactory
human exposure to metals through food chain. In this growth of important crops.

concluded that the concentration levels of micronutrients

soils in Ambo District, Ethiopia have an appropriate
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