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ABSTRACT

An investigation was carried at Agricultural Research Station, Anantapur in the
year of 2022 aimed to assess micronutrient levels and their correlation with soil properties
in three villages of Roddammandal, Anantapur district, Andhra Pradesh. A total 42 samples
were collected, which included 14 from each village. Kanchisamudram and Bucharla had
mean pH values of 7.59 and 7.79 which showed slightly alkaline respectively, while Kogira
had a mean pH of 7.94 which showed more alkaline condition. Electrical conductivity (EC)
values were 0.19 dS/m for Kanchisamudram, 0.21 dS/m for Bucharla, and 0.26 dS/m for
Kogira showed low to moderately saline condition. Organic carbon content remained
consistently low across the villages with average of 0.28% in Kanchisamudram, 0.31% in
Bucharla, and 0.55% in Kogira. Micronutrient concentrations in ppm were: Fe - 1.88 in
Kanchisamudram, 1.19 in Bucharla, and 0.57 in Kogira; Mn - 1.66 in Kanchisamudram, 2.22
in Bucharla, and 0.44 in Kogira; Zn - 0.11 in Kanchisamudram, 0.08 in Bucharla, and 0.18 in
Kogira; Cu - 0.34 in Kanchisamudram, 0.31 in Bucharla, and 0.20 in Kogira. In
Kanchisamudram, pH correlated with Fe (r = 0.029) and Mn (r = -0.001), EC correlated
negatively with Fe (r = -0.646%**) and Mn (r = -0.648%*), and OC correlated weakly with Fe
(r=-0.203) and Mn (r = -0.26). In Bucharla, pH had negative correlations with Fe (r = -0.006)
and Cu (r = -0.117) but positive with Zn (r = 0.328). In Kogira, pH negatively correlated with
Fe (r = -0.4) and Cu (r = -0.402) but positively with Zn (r = 0.37). EC showed positive
correlation with Fe (r = 0.313) and Cu (r = 0.147) in Kogira, while OC exhibited strong
positive correlations with Fe (r = 0.794%%) and moderate correlation with Cu (r = 0.491%).
Based on the findings, it is recommended that composting and cover cropping enhanced
organic matter, correcting pH imbalances with lime or sulfur, and regulate salinity with
increased irrigation and drainage. Iron chelates and manganese sulphate are recommended
in Kogira, while zinc oxide and copper sulphate are adviseded in all three villages. These
measures will improve soil fertility, nutrient availability, and agricultural sustainability in
this dryland area.
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INTRODUCTION

About 20% of the total cultivable land in world is
reported with low soil fertility levels and this is major concern
of one fourth population of the world to meet livelihood
needs from these eroding soils (Thombe et al.,
2020).Physicochemical properties of soil are important in
determining nutrient retention and availability. The level of
organic matter, the degree of microbial activity, pH changes,
the types and amount of clay and the status of soil moisture
influences nutrient retentics and supply in soils. Soil
physicochemical properties such as pH, calcium carbonate
(C,CO,) and organic carbon are important because they

influence nutrient availability in soil and thus affects crop
growth and production (Mane er al., 2002).
Micronutrients are indispensable for the success
of dryland agriculture, even though they are required in
smaller quantities compared to macronutrients. These vital
elements are crucial for plant growth and development,
facilitating enzymatic reactions, photosynthesis, and
hormone synthesis (Marschner, 2012). They play a pivotal
role in nutrient balance within soils and enhance plant
resilience against environmental stresses such as drought,
high temperatures, and salinity, thus improving crop
productivity in arid conditions (Hafeez et al., 2013).
Additionally, they optimize nutrient use efficiency
by working synergistically with macronutrients, ultimately
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influencing crop yield and quality (Cakmak, 2008). Certain
micronutrients also act as natural defenses against crop
diseases, reducing the need for chemical interventions,
promoting sustainable agricultural practices, and preventing
environmental harm from nutrient runoff (White and Brown,

2010).

Dryland agriculture, characterized by its
susceptibility to water scarcity and soil nutrient limitations,
poses significant challenges to global food security.
Micronutrients, essential for plant growth and development,
have gained prominence in efforts to enhance crop
productivity in these arid and semi-arid regions (Smith et
al.,2019).

Anantapur, the southernmost district of the
Rayalaseema region in Andhra Pradesh, relies heavily on
agriculture as its primary economic activity. However, the
micro-nutrient status of Anantapur district is generally
characterized as poor to moderate, as it is situated in an arid
region. Factors such as low organic matter content,
moderately acidic to alkaline soils, and limited microbial
activity often lead to micronutrient deficiencies, particularly
in zinc (Zn), iron (Fe), copper (Cu), and manganese (Mn)
(Hafeez er al., 2013). To address these challenges and
enhance crop health and yield, maintaining proper soil
fertility through soil testing and judicious micronutrient
application is essential for dryland farmers. This approach
not only contributes to economic sustainability but also
underscores the indispensability of micronutrients in
successful dryland agriculture (Smith et al., 2019; Marschner,
2012; Cakmak, 2008).

MATERIALS AND METHODS

Study area

The district was situated between 76° 472 and 78°
26’E, of the eastern longitudes and 13°412 and 15° 14’N, of
northern latitudes. The district is bounded on the north by
the Kurnool District, on the southeast by Chittoor District,
on the east by YSR District, and on the west and southwest
by Karnataka state. The average minimum and maximum
temperatures are 22.9 and 34°c, respectively, and the average
rainfall is 556 mm.

Soil sample collection

Soil samples were collected from three villages
viz., Kanchisamudram, Bhucharla and Kogira in Roddam
Mandal of the Anantapur district. With the help of Khurpi,
Spade and metre scale the soil samples were collected
randomly from 10 to 30 cm depth. 14 samples were collected
from each village and a total of 42 samples were collected
and air-dried and then ground (>2 mm) for the analysis of
soil fertility.

Soil analysis

The pH (measured at a 1:2.5 soil-to-water ratio)
and electrical conductivity (EC, measured at a 1:2.5 soil-to-
water ratio) of the soil were determined using a glass
electrode pH meter and a Systronics Digital Electrical
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Conductivity meter, respectively. These measurements were
carried out in accordance with the procedures outlined in
Jackson (1973). To determine organic carbon (OC) content,
the Walkley-Black’s titrimetric determination method
(Nelson and Sommers, 1996) was employed. The extraction
of micronutrients (iron, zinc, copper, and manganese) was
carried out using DTPA (DiethyleneTriamine Penta Acetic
Acid) method by wusing Atomic Absorption
Spectrophotometer, following the methodology described
by Lindsay and Norvell (1978). Pearson’s correlation was
applied to analyse the associations among different soil
properties.

The Pearson correlation coefficient can take values
between -1 and 1. i.e., r= 1, it indicates a perfect positive
linear relationship, r = -1, it indicates a perfect negative
linear relationship, r = 0, it suggests no linear relationship
between the two variables.

r= n [(Xxy) - (2x) - (BY)]
JnXx2- (3x)2] [n2y2)- (Ly)2]

Where:
0]

0] xand y are the values of the two variables for each
data point

RESULTS AND DISCUSSION

n is the number of data points (observations)

Physico — chemical properties of soil
pH

The pH of soil samples collected from
Kanchisamudram and Bucharla shared relatively similar
mean values of 7.59 and 7.79, respectively, indicating slightly
alkaline to neutral conditions. On the other hand, Kogira
had the highest mean pH of 7.94, reflecting a more alkaline
condition. The range of pH values spanned from 7.02 to
8.32, indicating notable variability. The standard deviation
(SD) values for pH were 0.43, 0.52, and 0.50 for
Kanchisamudram, Bucharla, and Kogira, respectively (Table
1). Kanchisamudram had no acidity (pH 6.0 - 6.5) but had 6
samples in the neutral range (pH 6.5 - 7.5) and 8 samples in
the alkaline range (pH 7.5 - 9.0). Bucharla showed a similar
pattern with 4 neutral and 10 alkaline samples. Kogira had 3
neutral and 11 alkaline samples. This consistent pattern of
elevated pH levels observed in Aridisols can be attributed
to reduced moisture levels and the accumulation of salts, a
phenomenon previously reported by Randhawa et al. (2021).

Electrical Conductivity (EC)

In the study area, electrical conductivity (EC), a
measure of soil salinity, revealed that Kogira had the highest
average EC at 0.26, followed by Bucharla with 0.21, and
Kanchisamudram with 0.19. The range of EC values extended
from 0.05 to 0.83 and the standard deviation (SD) values for
EC were 0.12,0.17, and 0.23 for Kanchisamudram, Bucharla,
and Kogira, respectively (Table 1). In the non-saline category
(0 - 0.1), Kanchisamudram had 4 samples, while Bucharla



and Kogira had 5 samples each. In the very slightly saline
category (0.1 - 0.3), Kanchisamudram had 7 samples,
Bucharla had 6, and Kogira had 4. In the moderately saline
category (0.3 - 0.5), Kanchisamudram had 3 samples,
Bucharla had 2, and Kogira had 4. In the strongly saline
category (0.5 - 1.0), only Bucharla and Kogira had samples,
each with 1. There were no samples that fell into the very
strongly saline category (>1.0) in any village. This finding
aligns with the observations of Kumar et al. (2019) and
Shirgire et al. (2018), who similarly reported non-saline to
moderately saline characteristics in soils within the hot arid
regions of Rajasthan and Gujarat.

Organic Carbon (0OC)

Kogira boasted the highest average OC percentage
at 0.55, while Bucharla followed with 0.31, and
Kanchisamudram with 0.28. The OC values ranged from 0.07
to 0.46, indicating significant differences. The standard
deviation (SD) values for OC were 0.13,0.13, and 0.22 for
Kanchisamudram, Bucharla, and Kogira, respectively (Table-
1). For organic carbon content, Kanchisamudram
predominantly fell into the low category (<0.50) with 14
samples. Bucharla also had a majority in the low category
with 13 samples. In contrast, Kogira had 7 samples in the
low category, 1 in the medium category (0.50 - 0.75), and 1 in
the high category (>0.75). The reduced levels of organic
carbon in these soils can be attributed to the combination
of elevated temperatures and limited moisture content
prevalent in the study area. These climatic conditions
accelerate the oxidation process of organic carbon found
within organic matter, as demonstrated in the study
conducted by Witzgall et al. (2021).

Available Micronutrients
Available Iron (Fe)

The available iron (Fe) concentrations in
Kanchisamudram averaged the highest at 1.88 ppm, followed
by Bucharla with 1.19 ppm, and Kogira with 0.57 ppm. The
range of iron concentrations extended from 0.1 to 4.86 ppm,
indicating a substantial difference in availability. The
standard deviation (SD) values for iron were 1.46, 0.85, and
1.05 for Kanchisamudram, Bucharla, and Kogira, respectively
(Table 1). In terms of iron concentration, Kanchisamudram,
Bucharla, and Kogira mostly exhibited low levels (<4 ppm)
with 12, 14, and 13 samples, respectively. Kanchisamudram
had 2 samples in the medium category (4 to 8 ppm), while
Bucharla and Kogira had none in this category. None of the
villages had samples in the high category (>8 ppm) (Figure
—5). The relatively low availability of iron (Fe) in Aridisols
soils observed in this study could be attributed to a higher
fixation of iron due to the elevated calcium carbonate
content in the soils, as noted in the research conducted by
Sharma et al. (2006).

Available Manganese (Mn)

In this study, Kanchisamudram had the highest
average manganese concentration at 1.66 ppm, followed by
Bucharla with 2.22 ppm, and Kogira with 0.44 ppm. All three
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regions exhibited low manganese levels, with concentrations
ranging from 0.06 to 4.08 ppm. The standard deviation (SD)
values for manganese were 1.20, 1.52, and 0.44 for
Kanchisamudram, Bucharla, and Kogira, respectively (Table
1). All three villages, Kanchisamudram, Bucharla, and
Kogira, had low levels of manganese (<10 ppm) with 14
samples each. There were no samples falling into the medium
(10 to 20 ppm) or high (>20 ppm) categories for manganese
in any village. These findings align with the research
conducted by Randhawa et al. (2021), which concluded that
available manganese was generally low in Aridisols
compared to Entisols and Inceptisols. The reduced
manganese (Mn) content in these soils is likely linked to
the limited presence of organic residues. This condition
can lead to the accumulation of micronutrients in forms that
are prone to oxidation and precipitation. Furthermore, it
reduces the availability of soluble chelating agents
necessary for the solubilization of micronutrients, as
observed in the research conducted by Chandel er al. (2018),
Yadav (2018), and Neha and Nisha et al. (2020).

Available Zinc (Zn)

Kogira had the highest mean zinc concentration at
0.18 ppm, indicating relatively better zinc availability for
plant uptake. In contrast, Kanchisamudram had a mean zinc
concentration of 0.11 ppm, while Bucharla had the lowest
mean at 0.08 ppm. The range of zinc concentrations across
all three villages spanned from 0.006 ppm to 0.48 ppm. The
standard deviation (SD) values for zinc were as follows:
Kanchisamudram - 0.07, Bucharla - 0.05, and Kogira - 0.06.
Similar to manganese, all three villages had low zinc
concentrations (<4 ppm) with 14 samples each. There were
no samples in the medium (4 to 8 ppm) or high (>8 ppm)
categories for zinc in any village. Several factors contributed
to the accentuated zinc deficiency observed in the soils.
These include coarse texture, parent material, high pH levels,
poor organic carbon status, and specific management
practices. This pattern is consistent with the findings of
Kumar et al. (2019), who also reported similar trends of DTPA
zinc status in arid and semi-arid soils within the country.
The alkaline soil reaction in the particular area may contribute
to this zinc deficiency.

Available Copper (Cu)

In the study, Kanchisamudram had the highest
mean copper concentration at 0.34 ppm, followed closely
by Bucharla with 0.31 ppm, and Kogira with 0.20 ppm. The
wide range of copper concentrations ranged from 0.092 ppm
to 0.74 ppm across all three villages, demonstrating
significant variability in copper availability. The SD values
for copper were as follows: Kanchisamudram - 0.13, Bucharla
-0.11, and Kogira - 0.33. In terms of copper concentration,
Kanchisamudram had 1 sample in the low category (<4 ppm)
and 12 samples in the medium category (4 to 8 ppm). Bucharla
had 4 samples in the low category and 8 samples in the
medium category. Kogira, on the other hand, had 11 samples
in the low category, 1 sample in the medium category, and 2
samples in the high category (>8 ppm). The data suggest
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that the adequacy of copper (Cu) in the soils could be
attributed to the interactive influence of various soil
properties, including pH, electrical conductivity (EC), and
organic carbon (OC), which collectively impact copper
availability. Copper availability tends to increase with higher
organic matter content but decreases with soil pH and the
presence of calcium carbonate (CaCO,), as highlighted in
the study conducted by Mahashabde and Patel (2012).

Correlation Coefficient (r) between physico -
chemical properties with available micro nutrients in dry
land agriculture of Anantapur district, Andhra Pradesh,
India.

In Kanchisamudram, there was a positive
correlation between pH and Fe (r = 0.029) and a negative
correlation between pH and Mn (r =-0.001). The electrical
conductivity (EC) showed a negative correlation with Fe (r
=-0.646%%*) and Mn (r = -0.648**), while organic carbon
(OC) had a weak negative correlation with Fe (r = -0.203)
and Mn (r = -0.26). Additionally, there was a positive
correlation between Fe and Mn (r =0.26) (Table 2).

In Bucharla, pH was negatively correlated with Fe
(r =-0.006) and Cu (r =-0.117), and positively correlated
with Zn (r=0.328). The EC had a negative correlation with
Fe (r =-0.494%) and a weak positive correlation with Cu (r=
0.035). OC showed a weak negative correlation with Fe (r=
-0.083) and a positive correlation with Cu (r=0.119) (Table
2).

In Kogira, pH exhibited a negative correlation with
Fe (r=-0.4) and Cu (r=-0.402), and a positive correlation
withZn (r=0.37). EC had a positive correlation with Fe (r =
0.313) and Cu (r = 0.147), while OC had a strong positive
correlation with Fe (r = 0.794%%) and a moderate positive
correlation with Cu (r=0.491%) (Table 2).

In summary, the study identified varying soil
conditions across the villages, with Kogira exhibiting
notably higher alkalinity and salinity levels compared to
the others. Organic carbon content was low in all three
villages, but micronutrient concentrations varied, with
Kanchisamudram having higher iron (Fe) and manganese
(Mn) levels than Bucharla and Kogira. Zinc (Zn) and copper
(Cu) levels fluctuated but remained low in all. To improve
agricultural productivity, it is crucial to address pH issues
in Kogira, implement salinity control measures, and enhance
organic carbon content in all three villages. Based on the
findings, it is advised to use composting and cover cropping
to increase organic matter, rectify pH imbalances using lime
or sulphur, and manage salinity with improved irrigation
and drainage. Micronutrient supplements such as iron
chelates and manganese sulphate are recommended in
Kogira, while zinc oxide and copper sulphate are
recommended in all three villages. These measures will
promote soil fertility, nutrient availability, and agricultural
sustainability in these dryland regions.
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