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Abstract | Micronutrients deficiency in alkaline-calcareous soils is a major constraint to get optimum crop
yield. The possible solution could be the site-specific nutrient management after assessing the micronutrient
status at a particular site. This study was conducted to quantify and visualize the spread of plant available
micronutrients in district Mandi Bahauddin. Total 1194 georeferenced soil samples were collected at a depth
of 0-15cm maintaining a sampling grid cell size of 10-acres (40469 m?) throughout the sampling area. These
samples were analyzed for plant available Zinc (Zn), Copper (Cu), Iron (Fe), Manganese (Mn) following
Diethylenetriamine Penta-Acetate (DTPA) extraction methodology. Quantification was carried out by
Flame Atomic Absorption Spectroscopy (AAS). Hot water-soluble (HWS) Boron (B) was determined
spectrophotometrically. Additionally, soil samples were also analysed for electrical conductivity (EC), soil
pH and soil organic matter (SOM) contents. These characteristics were correlated with plant available
micronutrients. The DTPA-extractable Zn, Cu, Fe, and Mn ranged from 0.07-5.60,0.11-1.22,0.74-7.45 and
0.02-3.39 mg/Kg soil, respectively. Boron ranged from 0.06-0.69 mg/Kg soil. Considering the critical limits
set by National Agricultural Research Center (NARC), Islamabad, Pakistan, 92% soil samples were found
deficient in B followed by 44% soil samples low in Fe. Whereas, Zn, Cu and Mn were deficientin 5,1 and 12
% of soil samples, respectively. Soil EC and pH of analysed samples ranged from 0.10 to 3.74 dSm™ and 6.70
to 8.40, respectively. Soil was free from salinity and sodicity menace. However, soil was deficient regarding
SOM with mean value of 0.69%. The correlations between soil pH and plant available Zn, Fe, Mn, and B
were significant and negative. The ordinary kriging technique was used to assess the micronutrient status at
non-sampling sites and research area was classified into low, marginal, and adequate categories according to
plant available micronutrient status. Digital maps thus developed using Quantum Geographic Information
System (QGIS) would help to apply micronutrients more precisely and site-specifically.
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Introduction

Ripidly increasing world population urges the

eed to increase the food production up to 50%
of existing quantity till the end of 2025 (Rengel,
1999; Fisk et al., 2015). This scenario necessitates the
intensive farming system on sustainable basis. One of
the key factors for sustainability is to maintain soil
fertility status at an optimum level. Deficiency of plant
nutrients could reduce yield and quality of agricultural
produce. Plant nutrients are categorized into two
fair groups of macronutrients and micronutrients
(Marschner, 2012). Micronutrients are mineral
elements, present in much lower concentrations in
plants as compared to macronutrients. However,
these are as important as macronutrients (Marschner,
2012). These micronutrients are further categorized
based on their essentiality for plants. The essential
micronutrients are (1) directly involved in plant
metabolism, (2) their function must not be replaced
by another element and (3) in the absence of essential
micronutrient, plant is unable to complete its life cycle
(Arnon and Stout, 1939). Essential micronutrients
such as iron (Fe), Manganese (Mn), Copper (Cu) and
Molybdenum (Mo) serve as part of metalloproteins
and catalyze redox processes through electron transfer.
Some micronutrients (e.g. Fe and Zn) also make
enzyme-substrate complex and speed up the reaction
by affecting the molecular configuration of enzyme or
substrate (Mortvedt et al., 1991).

Boron is an essential metalloid, having properties
intermediate between metals and non-metals. Boron
is involved in sugar transport, synthesis of cell wall,
lignification, carbohydrate, and RNA metabolism.
Pollen tube and pollen germination in crops is also
linked with boron (IMarschner, 2012).

Micronutrients exist in soil in different forms. These
may be water-soluble, exchangeable, chelated or in
complexed form with organic molecules. Metal oxides
or elements within crystal lattice of secondary clay
minerals are usually insoluble. Furthermore, inorganic
metallic compounds are generally readily plant-
available than insoluble organically bonded metals
(Belletal., 1991). Soil physio-chemical characteristics
such as soil organic matter (SOM) and soil reaction
(pH) influence plant availability of micronutrients.
Soil organic matter makes metal-organic complex
and can increase or decrease metals availability
depending on the stability constant value of metal-

organic complex. Metals have different affinity level
tor SOM, hence the different stability constant value
of metal-organic complex. For instance, cadmium
(Cd) extraction from Cd-organic complex is easier
(low stability constant) than extracting Cu from Cu-
organic complex (high stability constant). Whereas,
Nickel (Ni) and Zn have relative low affinity with
SOM and can be easily extracted from their respective
organic complexes (Narwal and Singh, 1998).
Likewise, functional groups differ in affinity with
metal elements. Enolate (dissociated phenolic -OH,
O-) group has highest affinity for metal elements
whereas carbonyl (C=0) group has least (Cresser et
al., 1993). Generally, long chain organics e.g. lignin
make strong, insoluble metal-complex and reduce
metal extraction as compared to simple organics.

Soil pH has direct and indirect effect on metal
elements extraction. Soil pH changes metals
speciation and their oxidation states. e.g. Cu can be
found as Cu* and CuOH* depending upon the pH
conditions. In acidic medium, Zn exist in Zn?** form
and at alkaline conditions the predominant form is
ZnOH-". The solubility of Zn can decrease 100 folds
with a unit increase in pH (Tisdale et al., 1985).
Likewise, Cu and cobalt are much soluble at lower
pH and may flush out with drainage water (Cresser
et al., 1993). As an indirect effect, soil pH changes
polarity on exchange sites. Soil pH-dependent charge
on exchange sites effects adsorption or release of metal
elements. Furthermore, alkaline conditions favours
Fe-Mn oxides which bound with metal elements
reducing their extractability (Bell et al., 1991; Narwal
and Singh, 1998).

Pakistan has generally alkaline-calcareous soils having
pH ranging from 7.5 to 8.5 (Rashid et al., 1997,
Bashir and Bantel, 2005). This alkaline pH reduces the
solubility of micronutrients in soil solution resultantly
micronutrients precipitate and become unavailable
to plants (Khan et al, 2010, 2013). Although
micronutrient deficiency is reported world widely
however,limited researchworkis carried outin Pakistan
to assess soil micronutrient status of agricultural
land (Ahmed et al,, 2014). A survey conducted in
tehsil Murree showed that 38% of surveyed soils
are deficient in plant available Zn. Likewise, 26.6%
and 80% sites are deficient in Zn and B in district
Bhimber of Azad Jammu and Kashmir respectively
(Nazif et al., 2006) and (Ahmad et al., 2010). District
Jhelum and Chakwal are also deficient in B as 50%
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of 140 sampled fields in Jhelum and 115 fields in
Chakwal were deficient in Boron (Rashid et al., 1997).

This research work was conducted in district Mandi
Bahauddin to investigate the status of micronutrients
in soil. Mandi Bahauddin is located in central Punjab,
between river Jhelum and Chenab and falls under arid
climatic zone. The weather is hot in summer ranging
up to 48°C while cold in winter when temperature
falls as low as 5 °C. Soil is fertile in nature (Khalil-ur-
Rehman et al., 2009).

The objectives of this research work were to; (I)
quantify plant-available micronutrients in the soil of
district Mandi Bahauddin following DTPA extraction
methodology and (II) developing digital maps
illustrating micronutrient spatial distribution by using
Geographic Information System (GIS). The spatial
variability thus obtained would help to monitor and
adjust the micronutrient application rate at a specific
site (Khan et al., 2018; Meena et al., 2006).

Materials and Methods

Soil sampling

The study area was divided into a uniform grid size
of 10-acres (40469m?). Soil samples were collected
from each grid at a soil depth of 0-15cm and their
locations were noted as latitude and longitude values
(GOP, 2018). Sampling area lies from 32.11910 N to
32.95812 N and 73.13194 to 74.42876 E. Sampling
points were overlaid on map of district Mandi
Bahauddin and represented in Figure 1. Soil samples
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were air dried, crushed with a wooden pestle and mortar
and sieved through 2mm sieve. Soil characteristics
such as electrical conductivity (EC), soil pH, SOM
and soil texture were determined and then evaluated
by following methodology and critical limit described
by NARC, Islamabad (Ryan et al., 2001).

DTPA metal- extraction: Principle and protocol

'The DTPA extraction solution as described by Lindsay
and Norvell (1978) has been calibrated for soils
having neutral to alkaline pH. The soils of Pakistan
are mostly alkaline in nature (Bashir and Bantel,
2005). Therefore, DTPA extraction methodology
was considered suitable for quantification of plant-
available micronutrients in alkaline soils of Pakistan.
Diethylenetriamine Penta-Acetate (DTPA) was used
as chelating agent which can effectively bind with
water-soluble and weakly adsorbed exchangeable
metals in soil. The chelation reactions are slow and
requires weeks or months to attain the equilibrium
state. Therefore, DTPA quantity in solution-to-soil-
ratio (2:1) was adjusted at a level that can chelate
metals equal to 10 times of atomic weight of respective
metals. This will potentially reduce the competition
between metals ions to bind with chelating agent.
Calcium Chloride (CaCl)) maintains higher CO,
level in soil and avoid the release of metals bonded
with CaCO, by inhibiting dissolution of CaCO, in
calcareous soils. A pH around 7.3 favours formation
of the Metal-DTPA complex. Triethanolamine
(TEA) functions to buffer the pH at 7.3 and it does
not interfere with flame during chemical analysis by

AAS (Lindsay and Norvell, 1978).
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Figure 1: Location Map showing soil sampling points (red dots) in district Mandi Bahauddin.
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Extractant solution was prepared by mixing 0.005M
DTPA, 0.01M CaCl, and 0.10 M triethanolamine
(TEA). The pH of solution was maintained at 7.3.
Soil sample and extractant solution in a ratio of 1:2
was agitated for two hours at 25 °C and filtered using
Whatman” grade 42 filter paper. Filtrate was used
for determination of metal elements using Atomic
Absorption Spectroscopy (AAS). Standard solutions
for micronutrients (Zn, Cu, Fe, Mn) were prepared in
DTPA extraction solution using Certified Reference
Material (CRMs) traceable to National Institute
of Standards and Technology (NIST). Atomic
Absorption Spectrophotometer was calibrated using
standard solution following the operating manual of
instrument.

Boron was extracted from soil by hot-water extraction
method and analyzed colorimetrically using
Azomethine-H salt (William-Horwitz, 2005). The
DTPA-extracted micronutrients are used to estimate
the micronutrient fertility of soils (Rayment and Lyons,
2011) hence results were used to differentiate the soils
as low, marginal and adequate regarding plant available
micronutrients after comparing with standards set
by National Agricultural Research Center (NARC),
Islamabad, Pakistan (Ryan et al., 2001).

Spatial distribution maps
Georeferenced (latitude, longitude) wvalues of
collected soil samples under projected coordinated

system WGS 1984 UTM: Zone 43 were used to

represent the corresponding low, marginal or adequate

o 225 45

concentration of plant available micronutrients. Data
files were saved as comma-delimited text file and
then imported to Quantum Geographic Information
System (QGIS, v.3.12) to perform ordinary kriging
and predicting the micronutrient status at non-
sampling sites. Kriging is a geostatistical analysis
technique based on linear interpolation. It provides
the best linear estimates of non-sampling sites. The
points closer to sampling site would have higher
weights as compared to farthest point (Cressie, 1990).
Finally, kriged maps were classified on the basis of
micronutrient criteria set by Ryan et al. (2001).

A correlation study was also conducted to determine
the relationship between soil basic characteristics (soil
pH and SOM) and plant available micronutrients.
The R statistical package (lhaka and Gentleman,
1996) was used to determine the correlation and

drawing the graphics.
Results and Discussion

Plant available zinc

Zinc concentration ranged from 0.07 to 5.60 mg Zn/
Kg soil (Table 1). Most of the samples (87%) were in
adequate category whereas 5% samples were low in
plant available Zn (Table 2). Analysis data revealed that
overall agricultural land of district Mandi Bahauddin
was adequate regarding plant available Zn however,
localized Zn deficiency on the eastern and south
western side of district Mandi Bahauddin is evident

from spatial distribution map of Zn (Figure 2).

A AL

DTPA Extractable Zn
Classes
he N Low {<0.5 mg Zn'Kg Soil)
[ Marginal (0.5 - 1.0 mg Zn'Kg Soil)
= Adequate (>1.0 mg Zn'Kg Soil)

Figure 2: Distribution pattern of DTPA-extractable zinc in district Mandi Bahauddin.
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Table 1: Range, mean and standard deviation of
micronutrients at Mandi Bahauddin.

Micronutrient (mg/ Mini- Maxi- Mean Standard
Kg) mum mum deviation
Zind(Zn) 007 560 221 +0.77
Copper (Cu) 011 1.22 0.45 +0.14
Tisom (05 074 745 445 +0.86
Manganese (Mn) 0.02 3.39 214  +£0.74
Boron (B) 006 069 037 +0.09

Table 2: Critical limits of soil pH, electrical conductivity,
soil organic matter, DTPA-extractable zinc, copper,
iron, manganese, and hot water-soluble boron and their
relative frequency distribution in agricultural land of
Mandi Bahauddin.

Parameter Class Relative frequen- Status
Interval* cy distribution
n(1194) (%)
Zinc (Zn) <0.50 63 5 Low
(mg/Kgsoil)  95-10 96 8 Marginal
>1.0 1035 87 Adequate
Copper (Cu) <0.20 6 1 Low
(mg/Kgsoil)  920-0.50 887 74 Marginal
>0.50 301 25 Adequate
Iron (Fe) <4.5 520 44 Low
(mg/Kg soil) - - - Marginal
>4.5 674 56 Adequate
Manganese (Mn) <1.0 143 12 Low
(mg/Kgsoil) 1020 20 2 Marginal
>2.0 1031 86 Adequate
Boron (B) <0.5 1095 92 Low
(mg/Kgsoil)  95-10 99 8 Marginal
>1.0 0 0 Adequate
pH <84 1194 100  Normal
>8.4 Nil Nil Sodic
EC (dS/m) <4 1194 100  Normal
>4 Nil Nil Saline
Soil organic mat- < 0.86 1170 98 Low
ter (%) 0.86-1.29 24 2 Marginal
>1.29 Nil Nil  Adequate

Source: (Ryan et al. 2001).

Our results are contrary to the findings of Zia et al.
(2006) who has reported a widespread deficiency
of Zn across the country after analyzing 329 soil
samples. The possible reason of adequate availability
of Zn in the study area of Mandi Bahauddin could
be the normal nature of its soils. The soils of Mandi
Bahauddin are free from sodicity and salinity problem.

Soil pH is in normal range and did not hamper Zn

availability.

Plant available copper

Plant available Cu ranged from 0.11 to 1.22 mg Cu/
Kg soil (Table 1). Most of the samples (74%) were
in marginal category whereas 25% samples were
adequate in plant available Cu. Only 6 sampling sites
(1% soil samples) were low in available Cu (Table
2). Spatial distribution map of Cu depicts the spot
of adequate Cu on the southeastern side of district

Mandi Bahauddin (Figure 3).

Plant available iron

Plant available Fe ranged from 0.74 to 7.45 mg Fe/
Kg soil with mean value of 4.45 mg Fe/Kg (Table
1). Analysis data revealed that 44% soil samples were
low in Fe whereas 56% samples were adequate (Table
2). Spatial distribution map of Fe generally depicts
that northern side of district Mandi Bahauddin was
adequate whereas southern side is low in Fe (Figure 4).

Table 3: Soil characteristics which affect plant availability
of micronutrients.

Soil Parameter Mini- Max- Mean Standard

mum imum deviation
Electrical conductivity (EC ~ 0.10 3.74 1.02 +0.34
dSm™)
Soil reaction (pH) 6.70 840 7.89 +0.16
Soil organic matter (SOM %) 0.31 0.93 0.69 =0.09
Texture Sandy loam to loam

Table 4: Correlation coefficient (Pearson) wvalues
between soil pH and DTPA-extractable zinc, copper,
iron, manganese, and boron.

Soil charac- Micronutrients
teristics Zn Cu Fe Mn B
Soil pH -0.26 ns -0.19 -0.28 -0.19
R2- R2 = R - R? =
0.07** 0.04**  0.07"**  0.04™*
Soil organic  ns ns ns ns -0.09
matter R2=
0.008™*

Ns: non-significant correlation coefficient; *P < 0.1; ™p<0.05;
ip<0.01.

Plant available manganese

Manganese concentration ranged from 0.02 to 3.39
mg Mn/Kg soil with mean value of 2.14 (Table 1).
Most of the samples (86%) were in adequate category
whereas 143 sampling sites (12% samples) were low
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in plant available Mn (Table 2). Considering spatial
distribution, the low Mn spots were found in the
southern side of district Mandi Bahauddin. These

low Mn sites exist in villages namely Kadhar, Sohawa

Bolani, Bhachar, and Malkanwal (Figure 5).

Plant available boron

Boron (B) concentration ranged from 0.06 to 0.69
mg kg™ soil with mean value of 0.37 + 0.09 (Table
1). Analysis data showed that 92% soil samples were

low and 8% were marginal regarding water-soluble
B (Table 2). Boron assessment of study area revealed
its extensive deficiency in cultivated fields of district
Mandi Bahauddin. Our results are consistent with
the findings of Rashid et al. (1997) who has reported
a widespread deficiency of B in Potohar plateau in
Pakistan. Nazif et al. (2006) has also reported the
B deficiency in soils of Azad Jammu and Kashmir.
Spatial distribution map of B depicts its widespread
deficiency in the whole district (Figure 6).
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Figure 3: Distribution pattern of DTPA-extractable copper in district Mandi Bahauddin.
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Figure 4: Distribution pattern of DTPA-extractable iron in district Mandi Bahauddin.
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Figure 6: Distribution pattern of hot water-soluble boron in district Mandi Bahauddin.
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Soil salinity and sodicity appraisal

The electrical conductivity (EC) and soil pH values
of soil samples were used to evaluate the salinity
and sodicity status, respectively. The EC values fall
between 0.10 and 3.74 dS/m and soil pH fall between
6.70 and 8.40 (Table 3). Considering the guideline
criteria of NARC, Islamabad, all the soil samples were
free from salinity and sodicity problem (Table 2).

Soil organic matter status

Soil organic matter ranged from 0.31 to 0.93% (Table
3). Analysis data revealed that 98% of soil samples
were low in SOM whereas, 2% samples fall in marginal
category regarding SOM (Table 2). Depletion of
SOM in arid climatic conditions under intensive
cropping system is a major problem hampering the
crop yield (Sarwar et al., 2008).
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Soil pH

Soil texture
The textural class of soil sample ranged from sandy
loam to loam which showed soil is suitable for

cultivation of all types of crops (Table 3).

Correlation between soilcharacteristicsandmicronutrients
Soil pH was negatively correlated with plant available
Zn (R = -0.26), Fe (R=-0.19), Mn (R = -0.28), and
B (R=-0.19) (Table 4, Figure 7). These correlations
were significant and explained 26%, 19%, 28% and
19% of variation in Zn, Fe, Mn, and B, respectively.
'The similar negative correlations between soil pH and
bioavailable Fe and Mn were reported by Liu et al.
(2004) in Pinghu county of south-east China.

The correlation between SOM and B was negative
and explained 9% of variation in B (Table 4).
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R=-02 p=91e-12 11
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Soil pH

Figure 7: Regression models (polynomial) between Soil pH and (a) Zn (b) Fe(c) Mn and (d) B. Grey shades represent standard error.

Conclusions and Recommendations

Our study did not indicate any geographical trend of
spatial distribution of plant available micronutrients
in district Mandi Bahauddin. Overall status of plant
available Zn and Mn were adequate whereas Cu was
marginal in the study area. The widespread deficiency
of Fe and B was concluded in this research work.

The significant negative correlations between soil
pH and availability of micronutrients such as Zn, Fe,
Mn, and B were determined in the study area. These
micronutrients become less available to plants at
higher (alkaline) pH. Most of the agricultural soils of
Pakistan are alkaline and calcareous in nature which
could cause micronutrients deficiency if not managed
wisely. The suitable nutrient management strategy
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could be the site-specific application of agricultural
inputs. The spatial distribution maps developed in
this research work could be helpful for policy makers,
progressive farmers, researchers, and agricultural
extension workers to make informed and site-specific
decisions. Further studies are suggested to incorporate
the temporal variation in the field data through
random sampling and resultantly upgradation of
prediction maps.
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