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Metals_and Nutrients Distribution and Availability in Vegetable Growing Soils

of Coimbatore District, Tamil Nadu India

ABSTRACT

Knowledge about distribution and bio availability of micronutrients is critically needed for
better production of agricultural products both quantitatively and qualitatively. The study intended to
evaluate the micronutrient status, availability and its interaction with soil properties in the vegetable
ecosystem. This study looks at the availability of micronutrient metal cation with their diversified soil
properties. A total number_-of 25 surface soil samples were collected from major vegetable growing
areas and basic soil parameters such as pH, electrical conductivity, organic carbon, clay, cation
exchange capacity, and free CaCO; were examined. Micronutrients, both total and—aeeessible
exchangeable, were also determined in soil. Zn and Fe deficiencies were found to a tune of 36 and 24
percent respectively in the overall soil samples, respectively. Deficiencies in Mn and Cu were found in
extremely small quantities. Calcareous soils contribute to 40% of the soils analysed. Among the
different soil properties, pH and CaCO; showed a significant negative impact on micronutrient
bioavailability whereas organic carbon and clay enhances the availability of micronutrients. The total

1. INTRODUCTION

-The role of micronutrients in human, plant and animals are irreplaceable to complete their life<

cycle. The deficiency out break shows in plants especially iron (inter—veinal chlorosis) and Zinc
(stunted growth), in animals Manganese (skeletal defects) finally in humans Fe deficiency (anaemia)
bioavailability and distribution of micronutrients in soil is governed by the characteristics of soil,
climate, physiographic landform, nature of crop grown and soil developmental process. The soil
temperature and moisture regimes highly irflueneesinfluence the distribution of micronutrients [1]. lThe
interactive influence of above factors which positively and negatively affects the micronutrient

solubility in soil. An arid climate alters the soil property mainlyestly-the sei-pH and organic carbon

content,—ef-the—seil which affects the dissolution and availability of micronutrient [2]._Pursuant to

moisture regime, DTPA- zinc, iron, copper and manganese [availability iswere higher in aquic -regime
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than ustic and aridic moisture regime [1]. Cold climate condition also impacts the bio accessibility of
micronutrients (eEspecially zinc) due to its reduced diffusion to rhizosphere [3]. An unmediated

( comment [LR-05]: Availability is!




relationship of soil properties with micronutrients availability starts from texture, organic carbon, pH,

CEC, EC, moisture, Free CaCO3 and other oxide fixation surfaces both crystalline and amorphous.
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reduces the oxidation and precipitation of micronutrients. The nature and intensity of crop also
influences the nutrient availability of soils. A vigorous vegetable cultivation with improved nutrient
receptive varieties leads to inordinate withdrawal of nutrients cause deficiency of micronutrients. The
improper nutrient management has, led to emergence of multi nutrient deficiencies in the Indian soils
[4]. Right assessment and monitoring of bio accessible nutrient status in arable soil is highly
significant to maintain the productivity and fertility of soils. Ceaseless suck up of micronutrients leads
to decline in soil potentiality. Considering the relationship between soil properties and micronutrients
availability, the present study was carried out to analyse the influence of different soil properties on

micronutrients availability for better land use management of especially vegetable growing soils of

Coimbatore district as the information on above aspects is rather scare and scanty.|
2. MATERIALS AND METHODS
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2.1 Study area
The study area covered the western part of Tamil Nadu, India. It is situated between| latitude and Comment [LR-08]: ???? with only one N and S
coordinate 11.0168° N, 76.9558° E??2?7?

longitude of 11.0168° N, 76.9558° E respectively with an altitude of 411 m above a—ean-sea

level??2?—-of+411m. The study area had a mean annual temperature of 25.4°C + 5.8°C with an

average rainfall of 694 mm that comes under the western agro climatic zone of Tamil Nadu_(REF.?).
2.2 Soil analysis

The surface soil samples of 0-30 cm in depth were collected from 25 different locations in major
vegetable especially Bbhendi? growing areas of Coimbatore district. The collected soils were_-air
-dried,_-sieved_-(2 mm) and stored in plastic container. The soil properties namely pH [5], EC [5],
organic carbon [6], cation exchange capacity [5], soil texture [7], CaCO; [7], total and available
micronutrients [8] namely Zn, Fe, Cu and Mn were analysed in each samples by following standard

procedures.

Data Analysis?

3. RESULTS AND DISCUSSION

3.1 Soil properties: The data showed that the soil pH was mainly neutral to alkaline in reaction
ranged from 7.12 — 8.66 and a significant positive correlation was observed with CaCO;. The
calcareousness of the soil is stretched from non-calcareous to highly calcareous with a range value of
0.50-12.5 per cent with a mean value of 4.10 per cent. Only around 32% of collected soils were
calcareous in nature. The CaCOs; is the most important parameter to assess the extent of nutrient
availability and their releasing pattern. The calcareousness of 32 per cent of soils might be due to the

lesser water availability for leaching of insoluble carbonates and bicarbonates of calcium and



increased evapotranspiration [9,10]. Among the samples, 60 per cent of the soil samples were high in
organic carbon content whereas 40 per cent of the soils were medium and deficient in organic carbon.
The values of organic carbon were significantly positively correlated with clay content and negatively
correlated with calcium carbonate content. The low organic carbon content may be due to high rate of
organic matter decomposition. The ranges of clay content was from 16.4 to 31.5 per cent. The
electrical conductivity ranged from 0.26 to 0.67 dS m™ The organic carbon content showed a

considerable variation with types and topography of the soil.

The positive releationship of pH and CaCO3; may be due to the solubility of CaCO; which in turn
increase the CO3;, HCO3 concentration in solution leads to the formation of OH™ ions which raises the
soil pH. The sparingly soluble of CaCOj; buffers the pH around 7.5 — 8.5. The change in CaCOj; leads
to change in pH [11, 12, and 13]. The presence of CaCO3; maintains the soil pH at slightly alkaline 7.5
— 8.5 which enhances higher microbial activity that cause quick oxidation of organic matter [14].

3.2 Available Micronutrients
3.2.1 DTPA-Zn

The soil available zinc ranged from 0.24 -3.31 mg kg™ with a mean value of 1.32 mg kg™. The
availability of zinc significantly positively correlated with organic carbon and clay content. The
negative correlation were observed with pH and CaCOj; content. It conveys that the available zinc

increases with increase in organic carbon and clay content and diminishes with increase in pH and

Soil Properties Range Mean Star.1djc1rd Ccv
deviation

pH 7.12 - 8.66 8.02 0.414 0.051
EC (dSm™) 0.26 - 0.67 0.47 0.115 0.245
Organic carbon (%) 0.23 - 1.52 0.83 0.325 0.394
Free CaCO; (%) 0.50 -12.50 4.10 3.815 0.930
CEC (Cmol (pHkg™) 11 - 26 18.52 4.099 0.221
Clay (%) 16.4 - 31.5 23.57 4.143 0.175
DTPA —Zn (mg kg™) 0.24 - 3.31 1.32 0.841 0.637
DTPA —Fe (mg kg™ 2.68 - 22.31 10.29 5.448 0.529
DTPA —Cu (mg kg™ 0.85 - 7.11 3.57 2.095 0.586
DTPA - Mn (mg kg™ 1.19 - 24.56 10.72 6.286 0.586
Total Zn (mg kg™) 15.61 - 46.12 26.86 7.599 0.282
Total Fe (mg kg™) 30.69 - 15.24 52.28 14.616 0.279
Total Cu (mg kg™ 15.24 - 41.68 28.18 7.650 0.270
Total Mn (mg kg™ 40.20 - 78.62 59.73 10.821 0.181

CaCO; content. Among the collected soil samples, 36% of the samples were deficient in zinc. The
results were line with the outcome of [15,16]. The inverse proportion of pH with zinc might be due to a)
high adsorption capacity



Table 1. Physicochemical properties and nutrient status of the soil
Number of samples = 25 ; CV = coefficient of variation

of soil due to raise in pH dependent charge, b) increase in precipitation of zinc as Zn(OH), [17].
Soluble organics complexes with zinc maintains solution concentration of zinc [18]. CaCO; exhibited
highly significant negative correlation with solution zinc concentration [1].

3.2.2 DTPA-Fe

The DTPA-Fe content in soil was ranged from 2.68-22.31 mg kg™ with a mean value of 10.29 mg kg™.
The data indicated that 24 per cent of collected samples were deficient in Fe. The iron content were
significantly and positively correlated with organic carbon and clay content of the soil. The results
follows the line of Mondal et al. [19]. Fe availability greatly affected by pH and CaCOj; content. The
increase in pH results in Fe precipitation as Fe(OH); and CaCO; favours the oxidation of Fe from Fe?
to Fe*" by CO5 and also precipitation of Fe as FeCO3. Adsorption of Fe on surface of CaCO; is also
the reason for reduction in zinc concentration in soil [20,21]. The organic matter positive correlation

may due to higher microbial activity, higher dissolution of Fe increase in solution concentration and

Soil Zn Fe Cu Mn Soil Zn Fe Cu Mn

Properties Properties

pH -0.473 -0.600 -0.709 -0.585 Avail. Fe 0.497 1 0.481 0.543
EC -0.228 -0.228 -0.204 -0.174 Avail. Cu 0.313 0.481 1 0.236
ocC 0.645 0.489 0.516 0.469 Avail. Mn 0.522 0.543 0.236 1
CaCOs3 -0.548 -0.601 -0.415 -0.317 Total Cu -0.09 0.123 -0.112 -0.114
CEC 0.131 0.39 0.302 0.483 Total Fe -0.197 -0.223 -0.057 -0.017
Clay 0.515 0.480 0.439 0.654 Total Zn 0.02 0.073 -0.148 -0.356
Avail. Zn 1 0.497 0.313 0.5227 Total Mn 0.401"  0.454° 0.043 0.368

*. Correlation is significant at the 0.01 level  **. Correlation is significant at the 0.05 level

complexation of Fe leads to reduce the adsorption precipitation, oxidation and crystallization of Fe

compounds [22,23].
Table 2. Correlation between available micronutrients and soil properties
3.2.3 DTPA-Cu

The soil available copper (DTPA-Cu) was observed to lie in the range between 0.85 and 7.11
mg kg * with a mean value of 3.57 mg kg ™. The pH and CaCO; showed a significant negative
correlation with DTPA-Cu content. The positive correlation were observed with organic carbon and
clay content. The results of Sharma et al., [24] and Meena et al., [25] showed identical results with the
results of the current study. The high negative influence of pH towards available copper might be due
to be adsorption, fixation and precipitation. When pH increase more than 6, Cu starts precipitating as
Cu(OH)n or CuO. The binding attraction of copper with inorganic and organic matter depends on pH,
oxidation reduction potential of the local environment. Carbonate involves in the fixation of Cu as

Cuy(CO3)(OH), and Cu3(COs3), (OH),. [26]. In many cases, organic matter content reduces the copper



availability due to higher affinity of Cu towards the organic matter (humic acids) but increase in
organic matter, subsequent increase in dissolved organic carbon which captures the copper in

solution and reduces the adsorption and precipitation [27].

3.2.4 DTPA-Mn Regarding manganese, the DTPA-Mn ranged from to 1.19 to 24.56 mg kg™. Mn had
a significant positive correlation with clay content of the soil whereas the negative correlation was
observed with pH. The results were in line with the outcome of Sharma et al. [28] and
Chinchmalatpure et al. [29]. Mn were prone to leaching in water saturated coarse grained soils. In fine
textured soils, Mn retention increases with increase in clay content Meena et al., [30]. Clay act as a
site for nutrient holding. At elevated CaCO3; and pH formation of low solubility of compounds like
MnCO3; or Mn(OH), will be formed. The higher pH favours the formation of less soluble organic

complexes of Mn, which reduces the availability of Mn [31].
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Fig. 1. PCA Results for relationship between micronutrient content and soil properties

The results of principle component analysis confirms the above results that pH and CaCO3
content of soil showed a significant negative relationship especially observed with available
micronutrients (Fig. 1). There is a feeble relationship between total and available micronutrients. With
two principle component (PC 1- 36.02 and PC 2 -14.0) shows the cumulative variability 50.02 per
cent. Among the soil properties, highly influencing variables were pH, CaCO3, OC, Clay and CEC.

4. CONCLUSION

The outcome of present study showed that there is a significant relationship between the inherent soil
factors to the bioavailability and distribution of micronutrient cations. Soil pH act as a major driving
factor which greatly reduces the availability of micronutrients whereas organic carbon enhances the
availability of micronutrients. Electrical conductivity was non-significant with the availability of
micronutrients in the surveyed soils. To conclude that the bioavailability of micronutrient can be
predicted by soil inherent properties to a certain extent possible. In order to get a accurate prediction,

other climatic and environmental factors also to be considered.
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