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The present study was conducted at Institute of Agriculture (Palli Siksha Bhavana), Visva-Bharati West Bengal, India 
during 2019–20 to evaluate the extractability of different extractants for extraction of cationic micronutrients in lateritic 

soils of West Bengal under rice based cropping system. Fifty surface (0‒15 cm) samples were collected from rice-based 
cropping systems from five different blocks of Birbhum district. The pH of the soil was found extremely acidic to slightly 
acidic. The organic carbon content (%) were low to medium range. Among major nutrients available phosphorus and sulphur 
showed deficiency under study area. The micronutrients cations were extracted from the soils using five different extractants, 
namely, Mehlich 3, HCl, AB-DTPA and the conventional extractant DTPA. The greatest mean concentration for all the 
micronutrients was obtained by Melich 3 extractant followed by HCl whereas the lower values were obtained when DTPA 
extractant used. Themagnitude of extraction for all cationic micronutrients was Mehlich 3>HCl>AB-DTPA>DTPA. Melich 
3 has a higher extractability due to its high pH and ability to displace exchangeable cations due to the presence of the NH4

+ 
ion in the extractant. The low extractability of the DTPA extractant may be due to disruption of metal-chelate equilibria in 
acidic soils. A higher positive significant correlation observed among the extractants from the study indicated that, they were 
able to extract the micronutrients from remarkably similar pools.
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1.   INTRODUCTION

Soil micronutrients’ importance has escalated over the past 
decade as a consequence of new research manifesting 

their critical role in plant growth and animal nutrition 
(Gupta et al., 2008, Sarwar et al., 2010). Even though their 
requirements in plants are less, they are irreplaceable for 
the growth and development of plants as macronutrients 
(Thapa et al., 2021, Fageria, 2007). Micronutrients are 
involved in various metabolic and enzymatic activities, so 
that plants will suffer from physiological stresses (Jan et 
al., 2022) caused by the inefficiency of several enzymatic 
systems and other related metabolic functions if these 
elements are not available in sufficient quantities (Barker 
and Pilbeam, 2015, Rutkowska et al., 2014, Rengel, 2007, 
Gao et al., 2008). Since micronutrients are indispensable, 
their deficiency and toxicity may have an adverse influence 
on crop growth and development (Katyal, 2018, Ibrahim 
and Abubakar, 2013, Bell and Dell, 2008, Tisdale et al., 
1995). Variations in soil micronutrient deficiency levels 
are really a global phenomenon these days (Cakmak and 
Kutman, 2018, De-Regil et al., 2013, Bailey et al., 2015, 
Voortman and Bindraban, 2015, Monreal et al., 2016). 
For various reasons, micronutrient deficiency has become a 
major constraint to productivity and sustainability in many 
Indian soils (Baldantoni et al., 2019, Athokpam et al., 
2016, Shambhavi et al., 2018). Singh et al. (2017) reported 
that almost 50% of Indian soils are deficient in cationic 
micronutrients. Other resources may also be wasted due 
to the lack of micronutrients (Samreen et al., 2017). Soil 
pH is one of the most critical parameterfor micronutrient 
availability (Wang et al., 2022). The availability of these 
nutrients decreases when soil pH rises, with the exception 
of Mo, whose availability rises as soil pH rises (Gupta et al., 
2008). According to research findings, soil organic matter 
plays a major role in soil micronutrient levels and it is a good 
indicator for the status of nutrient management (Srinivasan 
et al., 2017, Dhaliwal et al., 2019). Several factors govern 
the availability of micronutrients, such as their naturally low 
total concentrations, chemical fractions, soil organic matter, 
pH, soil-plant/soil-microbe interactions, and plant genotype 
(Shi et al., 2018, Shukla et al., 2015, Rengel, 2015, Ray and 
Banik, 2016, Agrawal et al., 2016). Soil testing is an integral 
component of any nutrient management programme and it 
is the most cost-effective and most authentic of the different 
diagnosing tools (Van Raij, 1998). It provides the available 
status of soil nutrients and will be useful for proper nutrient 
management (Hegde et al., 2021). Several approaches 
to analyzing the elements in soil have been developed 
and introduced in recent years (Jones, 1998). There are 
several extraction procedures available for estimation of 
soil micronutrient cation (Mn, Cu, Zn and Fe) status in 

the soil (Korzeniowska andStanislawska-Glubiak, 2013, 
Da Fonseca et al., 2010, Shittu et. al., 2010). Among the 
different chemical extractants, 0.1 μL-1 HCl, Mehlich III 
and the chelates, such as DTPA and EDTA (Lindsay and 
Norvell, 1978) and AB-DTPA are primarily used. These 
methods’ procedures and principles differ substantially. 
However, the lack of standardized extraction procedures 
can impact the reliability of the analytical results. Despite 
the uncertain outcomes of DTPA extractant in acidic 
soils, our research relies on it due to its ease of operation 
(Norvell, 1984). However, the information regarding the 
use of different extractants for the estimation of cationic 
micronutrients in Birbhum district is scarce. The goal of this 
study was to evaluate the efficacy of various extractants for 
soils from rice-based cropping systems and to identify the 
best extractant for the soils under evaluation. This study also 
focused on relationships between the cationic micronutrient 
levels and their relationships between different physico-
chemical properties.

2.   MATERIALS AND METHODS

2.1.  Description of the study sites

The research area was located between 23°32’30” (right 
above the tropic of cancer) and 24°35’0” North latitude 
and 87°5’25” and 88°1’40” East longitudes, with a total 
area of 4,545 km2. It’s bordered by districts and rivers. 
The river Ajay passes between the districts of Birbhum 
and Bardhaman.Jharkhand state borders on the north and 
west, and Murshidabad borders on the east.

2.2.  Sampling and analyses

Surface soil (0–15 cm) was sampled from fifty locations 
covering rice-based cropping systems from five different 
blocks of Birbhum district, namely Bolpur, Illembazar, 
Labpur, Sainthia and Md. Bazar.Collected soil samples 
were processed and properly labeled for the analysis. 
Basic physico-chemical properties were analyzed by using 
standard protocols in the soil testing laboratory under 
the department of soil science and agricultural chemistry, 
Visva-Bharati, West Bengal, India during 2019–20. 
Bouyoucos hydrometer method (1927) was followed for 
the mechanical analysis of the soil (Black, 1965). Soil pH 
and electrical conductivity was determined at 1:2.5 soil 
water suspensions by potentiometric and conductometry 
method (Jackson, 1973). Organic carbon was measured 
by wet digestion method (Walkley and Black, 1934). The 
cation exchange capacity (CEC) was determined using 
the procedure described by Schollenberger and Simons 
(1945). Major nutrients, available nitrogen (Subbiah and 
Asija, 1956), available phosphorus (Bray and Kurtz, 1945), 
available potassium (Jackson, 1973) and available sulphur 
(Williams and Steinberg, 1959) levels of soils also were 
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Table 1: Summary of extraction methods used for 
extraction of cationic micronutrient in the experiment
Extractants Extractants 

composition 
Soil: 
extractant 
ratio 

Shaking time 
and
(Reference)

DTPA 0.005M 
DTPA+0.1M 
TEA+ 0.01M 
CaCl2, pH 7.3 

1:2 2hrs (Lindsay 
and Norvell, 
1978)

AB-DTPA Mixture of 1.0 M 
NH4HCO3 and 
0.5 M DTPA, 
pH 7.6 

1:2 15 min 
(Soltanpour 
and Schwab, 
1977)

HCl 0.1 N HCl 1:5 30 min 
(Osiname et 
al., 1973)

Mehlich-3 0.2 MHOAc, 
0.25 M 
NH4NO3, 0.015 
M NH4F, 0.013 
M HNO3 and 
0.001 M EDTA 
(pH 2.5±0.1) 

1:10 5 min 
(Mehlich, 
1984)

analyzed. Four major chemical extractants were employed 
for estimation of cationic micronutrient in soilto find 
the suitable extractant for the study area with the help of 
Atomic Absorption Spectrophotometer (Table 1).

Table 2: Physico-chemical properties of lateritic soils of Dubrajpur block of Birbhum District, West Bengal

Sample BD 
(g cc-1)

pH EC 
(ds m-1)

Clay 
(%)

OC 
(%)

CEC [C 
mol (P+) 

kg-1]

N 
(kg ha-1)

P2O5 
(kg ha-1)

K2O 
(kg ha-1)

S 
(mg kg-1)

S1 1.25 5.21 0.08 40.44 0.44 10.2 206.87 24.35 166.8 6.22

S2 1.29 6.34 0.05 51.6 0.58 14.6 340.31 18.25 148.24 9.35

S3 1.39 5.89 0.15 30.16 0.25 8.5 285.4 34.87 231.57 5.25

S4 1.43 5.13 0.16 23.44 0.56 6.3 220.56 37.14 295.41 6.06

S5 1.29 6.14 0.09 40.16 0.32 11.5 263.74 20.1 175.15 9.63

S6 1.30 6.07 0.11 42.6 0.53 10.3 334.52 28.79 254.26 8.86

S7 1.41 5.1 0.13 21.44 0.31 6.2 243.28 41.22 268.51 5.09

S8 1.38 5.31 0.07 23.44 0.25 7.8 223.57 34.76 229.47 7.51

S9 1.42 5.42 0.12 22.16 0.42 6.4 201.31 33.51 288.91 8.37

S10 1.44 6.25 0.09 42.16 0.15 11.2 241.15 24.28 154.66 9.54

Range 1.25–
1.44

5.10–
6.34

0.05–
0.16

21.44–
51.60

0.15–
0.58

6.20–
14.60

201.31–
340.31

18.25–
41.22

148.24–
295.41

5.09–
9.63

Mean 1.36 5.69 0.11 33.76 0.38 9.30 256.07 29.73 221.30 7.59

SD 0.07 0.50 0.04 10.88 0.15 2.75 49.77 7.72 56.20 1.80

2.3.  Statistical analyses

Simple correlation coefficients between the amounts of 
cationic micronutrients extracted by different extractants 
and other physico-chemical characteristics were evaluated by 
using the windows-based SPSS programme and following 
the methodology described by Gomez and Gomez (1984).

3.   RESULTS AND DISCUSSION

3.1.  Physico-chemical properties

Data regarding the physico-chemical properties of surface 
soils from five different blocks of Birbhum districts is 
presented in (Table 1–6). The bulk density of soils under 
investigation varies from 1.21–1.54 g cc-1 with a mean value 
of 1.37 g cc-1. The pH of the soil was found to range from 
extremely acidic to slightly acidic, with a range of 4.12 to 
6.34 and an average value of 5.32. The minimum pH (4.12) 
was observed in both Bolpur and Illembazar block soils 
and the maximum value was observed in Bolpur block of 
Birbhum district. On the basis of the limits suggested by 
Muhar et al, (1963) for judging salt problem of soils, most 
of the samples were found normal (EC<1.0 dS m-1) in the 
category of soluble salt content critical for germination 
(EC 1 to 2 dS m-1). Through the mechanical analysis itwas 
found that, the clay content of the study area varied from 
12.72 to 51.60%. The organic carbon content (%) of most 
of the soils under the study showed low to medium range. 
The lowest organic carbon content (0.15%) was observed 
in soils of Dubrajpur block, where higher values observed 
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Table 3: Physico-chemical properties of lateritic soils of Sainthia block of Birbhum District, West Bengal

Sample BD
(g cc-1)

pH EC
(ds m-1)

Clay 
(%)

OC 
(%)

CEC
[C mol (P+) kg-1]

N 
(kg ha-1)

P2O5 
(kg ha-1)

K2O 
(kg ha-1)

S 
(mg kg-1)

S1 1.35 5.21 0.16 35.6 0.44 7.3 246.35 25.32 298.25 7.86

S2 1.41 5.08 0.12 20.16 0.65 6.8 296.57 14.34 175.34 9.63

S3 1.33 5.88 0.17 20.16 0.73 7.1 342.14 27.26 275.14 7.22

S4 1.27 4.54 0.11 41.6 0.56 10.1 372.1 17.37 142.36 8.06

S5 1.48 5.04 0.12 22.16 0.66 6.2 342.91 21.65 195.64 9.09

S6 1.36 5.59 0.16 33.44 0.49 9.7 254.12 26.27 265.97 9.84

S7 1.21 4.76 0.09 42.32 0.68 11.2 335.11 18.79 321.21 8.35

S8 1.52 5.87 0.14 14.16 0.71 8.4 264.45 26.41 251.17 6.25

S9 1.25 4.95 0.09 41.6 0.47 10.8 378.24 15.98 172.54 8.51

S10 1.39 4.83 0.08 51.6 0.52 11.3 274.51 16.37 131.25 6.37

Range 1.21–
1.52

4.54–
5.88

0.08–
0.17

14.16–
51.60

0.44–
0.73

6.20–
11.30

246.35–
378.24

14.34–
27.26

131.25–
321.21

6.25–
9.84

Mean 1.36 5.18 0.12 32.28 0.59 8.89 310.65 20.98 222.89 8.12

SD 0.10 0.46 0.03 12.40 0.11 1.96 49.38 4.99 67.62 1.24

Table 4: Physico-chemical properties of lateritic soils of Illambazar block of Birbhum District, West Bengal

Sample BD
(g cc-1)

pH EC
(ds 
m-1)

Clay 
(%)

OC 
(%)

CEC
[C mol (P+) 

kg-1]

N 
(kg ha-1)

P2O5 
(kg ha-1)

K2O 
(kg ha-1)

S 
(mg kg-1)

S1 1.30 5.64 0.11 44.88 0.72 12.3 354.52 20.19 274.05 9.4

S2 1.42 6.25 0.14 25.44 0.41 6.9 297.85 33.88 285.34 8.12

S3 1.38 6.22 0.19 30.32 0.39 13.5 286.34 36.53 263.18 8.06

S4 1.39 6.59 0.26 22.88 0.49 7.5 321.52 33.14 305.24 6.99

S5 1.42 5.84 0.16 41.44 0.73 8.9 357.21 11.56 241.29 8.72

S6 1.44 5.42 0.12 24.88 0.48 6.4 263.42 17.38 284.33 8.72

S7 1.33 5.94 0.24 32.32 0.35 12.8 276.12 26.69 310.28 6.02

S8 1.28 5.75 0.13 51.6 0.54 13.7 302.56 24.52 226.56 7.83

S9 1.35 6.45 0.22 23.6 0.34 11.5 254.26 33.05 325.4 7.28

S10 1.41 5.14 0.08 26.32 0.68 8.3 335.4 15.12 219.58 9.61

Range 1.28–
1.44

5.14–
6.59

0.08–
0.26

22.88–
51.60

0.34–
0.73

6.40–
13.70

254.26–
357.21

11.56–
36.53

219.58–
325.40

10.21–
21.25

Mean 1.37 5.92 0.17 32.37 0.51 10.18 304.92 25.21 273.53 8.08

SD 0.05 0.46 0.06 10.11 0.15 2.87 36.39 8.85 35.85 1.11

(0.76 %) in soils of Md. Bazar block. The CEC of the soils 
under investigation varied from 5.40 to 19.22 [C mol (P+) 
kg-1] with an average of 9.39 [C mol (P+) kg-1]. Among 
the macronutrients analyzed, available N, P2O5 and K2O 
content (kg ha-1) varied from 254.26 to 421.20, 10.31 to 
41.22 and 131.25 to 325.42 respectively. Soils of all the five 
blocks showed deficiency in available sulphur content (< 10 
mg kg-1). Similar observationswasalso reported by Hembram 

et al, (2012) and Ghosh et al. (2005).

3.2. Extractable Micronutrients

The range and means of the extractable micronutrients 
cation under five different blocks were presented inTable 
7-11. The extractable Zn- Mehlich 3, Zn- HCl, Zn-
AB-DTPA and Zn-DTPA values of study area ranged 
from 1.45-2.88, 0.86-2.56, 0.55-1.98 and 0.41-1.76 mg 
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Table 5: Physico-chemical properties of lateritic soils of Md. Bazar block of Birbhum District, West Bengal

Sample BD
(g cc-1)

pH EC
(ds m-1)

Clay 
(%)

OC 
(%)

CEC
[C mol (P+) kg-1]

N 
(kg ha-1)

P2O5 
(kg ha-1)

K2O 
(kg ha-1)

S 
(mg kg-1)

S1 1.35 4.74 0.07 50.88 0.73 11.5 342.56 11.25 142.53 4.32

S2 1.48 5.05 0.14 31.6 0.52 5.8 230.08 23.41 185.34 7.45

S3 1.44 4.22 0.05 31.44 0.76 6.5 335.29 12.52 153.27 3.72

S4 1.38 5.59 0.16 31.6 0.68 6.1 221.52 26.37 254.62 6.15

S5 1.54 4.84 0.1 25.6 0.71 5.4 340.18 13.85 163.24 5.72

S6 1.36 4.42 0.04 40.88 0.54 8.6 251.15 11.52 148.62 4.34

S7 1.51 5.14 0.15 26.32 0.58 7.2 276.12 25.64 210.52 6.19

S8 1.46 4.65 0.03 25.6 0.67 10.3 264.53 22.14 205.73 4.46

S9 1.39 5.45 0.17 25.6 0.55 6.7 223.85 24.28 276.15 4.61

S10 1.45 4.64 0.11 38.88 0.74 6.1 289.64 20.13 189.64 5.63

Range 1.35–
1.54

4.22–
5.59

0.03–
0.17

25.60–
50.88

0.52–
0.76

5.40–
11.50

221.52–
342.56

11.25–
26.37

142.53–
276.15

3.72–
7.45

Mean 1.44 4.87 0.10 32.84 0.65 7.42 277.49 19.11 192.97 5.26

SD 0.06 0.44 0.05 8.38 0.09 2.05 48.04 6.16 45.01 1.15

Table 6: Physico-chemical properties of lateritic soils ofBolpur block of Birbhum District, West Bengal

Sample BD
(g cc-1)

pH EC
(ds m-1)

Clay 
(%)

OC 
(%)

CEC
[C mol (P+) kg-1]

N 
(kg ha-1)

P2O5 
(kg ha-1)

K2O 
(kg ha-1)

S 
(mg kg-1)

S1 1.43 4.12 0.04 12.72 0.39 6.9 221.53 12.38 189.34 7.55

S2 1.28 4.49 0.07 24.88 0.46 9.9 283.6 14.57 201.6 8.68

S3 1.30 5.22 0.12 25.6 0.54 11.1 320.15 21.54 312.14 7.95

S4 1.22 5.14 0.11 40.88 0.57 17.5 211.23 18.24 287.11 9.38

S5 1.38 5.09 0.15 26.32 0.43 9.8 240.42 16.24 325.42 6.95

S6 1.37 5.61 0.15 25.6 0.59 10.8 412.1 25.18 249.68 8.57

S7 1.34 4.57 0.07 24.16 0.32 8.5 213.27 17.66 221.25 6.42

S8 1.27 5.42 0.09 38.88 0.51 11.0 408.74 22.73 295.35 6.86

S9 1.15 4.48 0.06 48.16 0.67 19.2 213.44 10.31 142.64 8.69

S10 1.44 5.54 0.21 14.88 0.35 7.2 421.2 25.24 322.14 7.84

Range 1.15–
1.44

4.12–
5.61

0.04–
0.21

12.72–
48.16

0.32–
0.67

6.90–
19.22

211.23–
421.20

10.31–
25.24

142.64–
325.42

6.42–
9.38

Mean 1.32 4.97 0.11 28.21 0.48 11.19 294.57 18.41 254.67 7.89

SD 0.09 0.52 0.05 11.23 0.11 4.08 89.48 5.20 63.55 0.95

kg-1 with mean values of 2.17, 1.68, 1.19 and 0.94 mg 
kg-1. The Mehlich 3 extracted more extractable Zn from 
the soils than any other extractants. This could be due to 
the extractant’s double acid effect and high pH, as well as 
the presence of the NH4

+ ion, which allows Mehlich 3 to 
displace exchangeable cations (Fernandez-Marcos et al., 
1998). Abreu et al. (2004) and Da Fonseca et al. (2010) 
also observed that Mehlich 3 solution extracted more Zn 
than HCl and DTPA extractants. HCl ranked second in 

the extraction of Zn. The extractants ranked as follows: 
Mehlich 3>HCl>AB-DTPA>DTPA. These findings are in 
agreement with observations of Pradhan et al. (2015). The 
average values of extractable Fe content of the soils under 
the investigation observed 49.57, 45.46, 39.67 and 34.89 mg 
kg-1 by extractants,Mehlich 3,HCl, AB-DTPA and DTPA 
respectively. Higher mean value of extractable Fe content 
(47.36 mg kg-1) was observed in soils of Dubrajpur block. 
It may due to higher clay content of these soils. The lowest 
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Table 7: Status of extractable micronutrients cation in soils of Dubrajpur block of Birbhum District, West Bengal

Sample Extractable Zn (mg kg-1) Extractable Fe(mg kg-1)

Mehlich-3  HCl AB-DTPA  DTPA Mehlich-3  HCl AB-DTPA  DTPA 

S1 1.78 1.23 0.96 0.85 56.47 58.14 52.42 48.42

S2 1.56 1.02 0.87 0.74 58.24 61.26 54.26 52.14

S3 1.84 1.12 0.55 0.41 50.14 46.21 41.06 34.26

S4 1.64 0.97 0.61 0.52 52.31 44.51 39.85 30.54

S5 1.45 1.03 0.89 0.78 50.14 50.29 46.84 44.81

S6 1.83 1.23 0.94 0.64 54.31 49.37 46.21 40.52

S7 2.01 1.14 0.76 0.51 50.12 46.13 40.62 35.71

S8 1.86 1.25 0.92 0.89 48.76 48.92 45.57 37.21

S9 1.67 0.86 0.67 0.42 48.54 44.28 38.16 31.04

S10 1.74 1.05 0.77 0.51 54.31 59.37 54.61 48.41

Range 1.45–2.01 0.86–1.25 0.55–0.96 0.41–0.89 48.54–58.24 44.28–61.26 38.16–54.61 30.54–52.14

Mean 1.74 1.09 0.79 0.63 52.33 50.85 45.96 40.31

SD 0.16 0.13 0.15 0.18 3.36 6.39 6.12 7.75

Table 7: Continue...

Sample Extractable Mn (mg kg-1) Extractable Cu (mg kg-1)

Mehlich-3  HCl AB-DTPA  DTPA Mehlich-3  HCl AB-DTPA  DTPA 

S1 54.12 48.21 44.64 40.25 2.04 1.71 1.45 1.32

S2 48.35 45.3 42.82 42.01 2.15 1.86 1.62 1.46

S3 37.11 33.95 28.15 20.31 2.31 1.76 1.49 1.24

S4 36.71 34.18 28.27 18.67 2.18 1.89 1.58 1.4

S5 46.71 44.13 42.94 39.22 2.71 2.46 2.31 1.95

S6 43.62 37.81 30.14 28.35 2.54 2.03 1.76 1.59

S7 32.67 24.62 19.34 17.25 2.39 1.77 1.56 1.24

S8 44.82 42.37 38.42 32.62 2.61 1.86 1.68 1.53

S9 47.62 45.63 41.37 37.1 2.45 1.94 1.64 1.08

S10 53.72 51.64 45.84 41.28 2.63 1.88 1.72 1.39

Range 32.67–54.12 24.62–51.64 19.34–45.84 17.25–42.01 2.04–2.71 1.71–2.46 1.45– 2.31 1.08–1.95

Mean 44.55 40.78 36.19 31.71 2.4 1.92 1.68 1.42

SD 7.17 8.1 9.03 9.87 0.23 0.21 0.24 0.24

value (39.13 mg kg-1) observed in soils of Illambazar block, 
which may due to higher pH of the areas. In case of Melich 
3-Mn content, it  ranged from 32.67 to 54.12 mg kg-1with 
an average value of 44.55 mg kg-1in soils of Dubrajpur block, 
45.97 to 61.35 mg kg-1 with a mean value of 53.90 mg kg-1in 
soils of Sainthia block, 33.18 to 52.60 mg kg-1 with a mean 
value of 42.68 mg kg-1in soils of Illambazar block, 40.28 to 
57.34 mg kg-1 with a mean value of 49.80 mg kg-1 in soils 
of Md. Bazar block and 22.17 to 46.28mg kg-1with a mean 
value of 34.09 mg kg-1in soils of Bolpur block indicating 
its sufficiency in these soils. Whereas the average values of 

DTPA-Mn varied 31.71, 31.06, 27.01, 31.25 and 22.97 
mg kg-1respectively. The relative high content of Mn in 
these soils could be due to the soils derived from basaltic 
parent material which contained higher ferro-magnessiume 
minerals. The amount of extractable Mn varied remarkably 
depending on and extractants used and the parent material 
from which the soils are derived (Yusuf et al., 2005).Similar 
results were reported by Hundal et al. (2006).The extractable 
Cu content of the study area showed similar trend as other 
micronutrients, Melich 3 extracted higher amount of Cu 
from the same soils as compared to other extractants like 
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Table 8: Status of extractable micronutrients cation in soils of Sainthia block of Birbhum District, West Bengal

Sample Extractable Zn (mg kg-1) Extractable Fe(mg kg-1)

Mehlich-3  HCl AB-DTPA  DTPA Mehlich-3  HCl AB-DTPA  DTPA 

S1 2.04 1.56 1.23 0.96 46.28 35.52 31.5 26.12

S2 1.68 1.48 1.14 1.03 45.31 41.23 36.41 32.84

S3 1.76 1.25 0.76 0.49 42.37 35.17 28.4 23.1

S4 2.46 2.08 1.85 1.6 55.94 50.24 45.68 42.98

S5 2.58 2.14 0.95 0.69 51.02 45.28 39.74 33.24

S6 2.37 1.98 0.71 0.45 52.37 46.37 30.98 27.26

S7 2.09 1.68 1.21 0.96 54.96 52.31 46.75 44.98

S8 2.14 1.75 1.1 0.64 39.41 35.43 28.46 25.34

S9 2.46 1.83 1.42 1.16 51.32 45.61 41.32 37.2

S10 2.52 2.31 1.93 1.34 56.47 52.12 44.26 40.36

Range 1.68–2.58 1.25–2.31 0.71–1.93 0.45–1.6 39.41–56.47 35.17–52.31 28.4–46.75 23.1–44.98

Mean 2.21 1.81 1.23 0.93 49.55 43.93 37.35 33.34

SD 0.32 0.33 0.41 0.37 5.91 6.79 7.16 7.82

Table 8: Continue...

Sample Extractable Mn (mg kg-1) Extractable Cu (mg kg-1)

Mehlich-3  HCl AB-DTPA  DTPA Mehlich-3  HCl AB-DTPA  DTPA 

S1 45.97 36.74 27.31 23.16 3.05 2.76 2.51 2.31

S2 48.75 42.38 36.52 30.13 2.53 2.13 1.86 1.43

S3 52.97 46.37 30.24 26.8 3.12 2.86 2.76 2.55

S4 54.16 50.16 45.67 40.28 2.87 2.64 2.02 1.5

S5 56.37 44.92 38.42 26.24 2.64 1.97 1.64 1.25

S6 52.17 46.37 43.19 30.15 3.21 2.89 2.76 2.42

S7 61.35 56.75 48.74 42.13 2.89 2.64 1.86 1.42

S8 58.43 47.29 34.29 25.14 3.14 2.88 2.59 2.06

S9 50.14 43.51 38.37 30.32 2.95 2.46 1.95 1.1

S10 58.64 52.31 42.34 36.24 3.24 3.02 2.71 2.48

Range 45.97–61.35 36.74–56.75 27.31–48.74 23.16–42.13 2.53–3.24 1.97–3.02 1.64–2.76 1.1–2.55

Mean 53.90 46.68 38.51 31.06 2.96 2.63 2.27 1.85

SD 4.85 5.54 6.73 6.46 0.24 0.34 0.44 0.57

HCl, AB-DTPA and DTPA. Similar findings also observed 
by Padhan et al. 2022. The low extractability of the DTPA 
extractant may due to disruption of metal-chelate equilibria 
in acidic soils.A dynamic equilibrium was noticed among the 
extractable forms of all the cationic micronutrients, implying 
that they were able to extract the said micronutrients from 
remarkably similar pools. For all cationic micronutrients, the 
overall extractability of the different extractants, regardless 
of experimental site, can be ranked as follows: Mehlich 
3>HCl>AB-DTPA>DTPA.

3.3. Relationships among the Extractants 

Table 12–15 illustrated the relationships among the 
micronutrients cation extractants assessed in lateritic soils 
of Birbhum district. Table 12 showed that the extractable 
Zn extracted from the soil by Mehlich3 has high and 
significant correlation (p<0.01) with the contents extracted 
by HCl (r=0.943**), AB-DTPA (r= 0.719**) and DTPA 
(r= 0.628**). These results indicate that regardless of the 
nature of the extractant, the extraction capacity of all 
methods studied is similar for estimating Zn contents in 
under the study area. Similarly, a significant and highly 
positive correlation noted among the extractable Fe content 
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Table 9: Status of extractable micronutrients cation in soils of Illambazar block of Birbhum District, West Bengal

Sample Extractable Zn (mg kg-1) Extractable Fe(mg kg-1)

Mehlich-3  HCl AB-DTPA  DTPA Mehlich-3  HCl AB-DTPA  DTPA 

S1 1.75 1.26 1.15 1.05 49.37 42.31 35.24 34.53

S2 1.62 1.32 0.95 0.68 44.26 36.84 26.75 24.56

S3 1.53 1.05 0.74 0.45 48.67 43.15 34.97 35.21

S4 1.72 1.13 0.88 0.79 40.29 35.19 28.41 28.4

S5 2.03 1.68 1.38 1.12 52.37 46.38 41.25 37.85

S6 2.14 1.75 1.31 1.18 50.17 42.37 38.34 40.23

S7 1.53 1.05 0.89 0.64 50.16 44.39 37.15 34.61

S8 1.67 1.32 1.05 0.85 45.38 38.16 32.54 30.56

S9 1.85 1.02 0.64 0.46 44.39 35.19 30.05 27.11

S10 1.93 1.53 1.13 0.96 52.04 46.37 41.35 38.58

Range 1.53–2.14 1.02–1.75 0.64–1.38 0.45–1.18 40.29–52.37 35.19–46.38 26.75–41.35 24.56–40.23

Mean 1.78 1.31 1.01 0.82 47.71 41.04 34.61 33.16

SD 0.21 0.27 0.24 0.26 3.94 4.35 5.12 5.27

Table 9: Continue...

Sample Extractable Mn (mg kg-1) Extractable Cu (mg kg-1)

Mehlich-3  HCl AB-DTPA  DTPA Mehlich-3  HCl AB-DTPA  DTPA 

S1 43.27 42.38 32.14 28.26 2.75 2.28 1.58 1.32

S2 33.18 35.16 24.36 18.63 2.84 2.16 1.69 1.43

S3 39.37 37.84 24.98 21.4 2.96 2.37 1.75 1.54

S4 35.78 35.61 27.37 19.25 2.76 2.59 2.03 1.76

S5 44.37 48.19 42.1 34.52 2.97 2.67 1.98 1.12

S6 52.16 46.67 38.31 30.27 2.88 2.49 1.84 1.35

S7 50.18 44.28 38.46 32.52 3.02 2.76 2.13 1.68

S8 41.05 42.16 34.68 27.13 2.93 2.58 2.14 1.44

S9 37.15 36.39 27.64 22.53 2.81 2.6.3 2.3 1.52

S10 50.27 46.85 42.28 35.63 2.79 2.34 1.95 1.23

Range 33.18–52.16 35.16–48.19 24.36–42.28 18.63–35.63 2.75–3.02 2.16–2.76 1.58–2.30 1.12–1.76

Mean 42.68 41.55 33.23 27.01 2.87 2.47 1.94 1.44

SD 6.57 4.98 6.91 6.28 0.10 0.20 0.22 0.20

Table 10: Status of extractable micronutrients cation in soils of Md. Bazar block of Birbhum District, West Bengal

Sample Extractable Zn (mg kg-1) Extractable Fe(mg kg-1)

Mehlich-3  HCl AB-DTPA  DTPA Mehlich-3  HCl AB-DTPA  DTPA 

S1 2.84 2.31 1.75 1.58 54.24 48.34 39.41 34.21

S2 2.16 1.89 1.36 1.15 45.16 40.28 33.25 24.56

S3 2.56 2.05 1.89 1.76 46.94 41.84 35.29 30.14

S4 2.34 1.74 1.26 0.92 46.38 40.09 33.58 26.45

S5 2.84 2.35 1.82 1.68 53.61 46.74 40.28 35.86

S6 2.88 2.56 1.98 1.34 57.66 50.82 45.18 37.28
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Sample Extractable Zn (mg kg-1) Extractable Fe(mg kg-1)

Mehlich-3  HCl AB-DTPA  DTPA Mehlich-3  HCl AB-DTPA  DTPA 

S7 2.19 1.68 1.32 1.05 54.97 46.77 35.94 28.16

S8 2.56 1.93 1.69 1.46 51.16 44.51 40.16 34.52

S9 2.14 1.67 1.28 0.97 42.85 38.95 28.64 23.14

S10 2.43 1.9 1.76 1.42 52.17 46.37 43.19 38.15

Range 2.14–2.88 1.67–2.56 1.26–1.98 0.92–1.76 42.85–57.66 38.95–50.82 28.64–45.18 23.14–38.15

Mean 2.49 2.01 1.61 1.33 50.51 44.47 37.49 31.25

SD 0.29 0.31 0.28 0.30 4.89 3.99 5.04 5.47

Table 10: Continue...

Sample Extractable Mn (mg kg-1) Extractable Cu (mg kg-1)

Mehlich-3  HCl AB-DTPA  DTPA Mehlich-3  HCl AB-DTPA  DTPA 

S1 52.25 45.36 38.15 34.21 2.45 1.96 1.78 1.65

S2 43.38 36.45 30.17 24.56 3.11 3.05 2.82 2.54

S3 50.27 43.18 36.67 30.14 3.08 2.76 2.59 2.04

S4 42.23 38.65 31.28 26.45 2.88 2.57 2.06 1.85

S5 53.14 48.33 42.11 35.86 2.91 2.67 2.34 1.75

S6 57.34 50.26 44.05 37.28 3.11 2.88 2.67 2.51

S7 50.46 43.17 36.88 28.16 3.28 3.15 2.84 2.65

S8 54.97 46.95 41.19 34.52 3.37 3.02 2.75 2.34

S9 40.28 35.11 29.48 23.14 3.14 2.86 2.68 2.54

S10 53.64 47.84 43.52 38.15 2.86 2.73 2.33 1.86

Range 40.28–57.34 35.11–50.26 29.48–44.05 23.14–38.15 2.45–3.37 1.96–3.15 1.78–2.84 1.78–2.84

Mean 49.80 43.53 37.35 31.25 3.02 2.77 2.49 2.17

SD 5.82 5.24 5.50 5.47 0.26 0.34 0.35 0.38

Table 11: Status of extractable micronutrients cation in soils of Bolpur block of Birbhum District, West Bengal

Sample Extractable Zn (mg kg-1) Extractable Fe(mg kg-1)

Mehlich-3  HCl AB-DTPA  DTPA Mehlich-3  HCl AB-DTPA  DTPA 

S1 2.88 2.42 1.63 1.33 54.89 54.21 48.62 43.28

S2 2.67 2.11 1.44 1.23 48.32 50.11 45.14 39.41

S3 2.76 2.31 1.05 0.86 47.18 45.64 40.31 34.19

S4 2.45 2.08 0.88 0.67 46.25 46.38 41.35 31.28

S5 2.28 2.15 1.1 0.73 42.85 44.59 39.85 32.55

S6 2.75 2.27 1.42 0.94 40.19 36.25 35.54 33.24

S7 2.64 2.54 1.36 0.82 47.68 48.24 46.38 41.61

S8 2.34 1.98 1.44 1.12 45.95 44.22 39.42 32.76

S9 2.77 2.35 1.62 1.30 51.11 51.98 48.31 40.08

S10 2.63 1.88 0.98 0.78 52.84 48.37 44.52 35.34

Range 2.28–2.88 1.88–2.54 0.88–1.63 0.67–1.33 40.19–54.89 36.25–54.21 35.54–48.62 31.28–43.28

Mean 2.62 2.21 1.29 0.98 47.73 47.00 42.94 36.37

SD 0.20 0.21 0.27 0.25 4.42 4.96 4.30 4.31

Table 11: Continue...
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Sample Extractable Mn (mg kg-1) Extractable Cu (mg kg-1)

Mehlich-3  HCl AB-DTPA  DTPA Mehlich-3  HCl AB-DTPA  DTPA 

S1 44.25 41.56 36.45 37.25 2.89 2.65 2.45 2.21

S2 40.13 35.12 29.15 28.63 2.76 2.35 1.97 1.76

S3 26.97 24.64 18.24 17.48 2.5 2.05 1.54 1.37

S4 22.17 19.37 14.12 14.25 2.34 1.86 1.62 1.78

S5 33.56 28.39 20.85 19.21 2.94 2.64 2.04 1.86

S6 27.13 20.05 15.99 14.2 2.38 1.89 1.64 1.28

S7 36.98 33.21 30.25 33.44 3.02 2.71 2.44 2.19

S8 33.24 25.95 17.22 15.66 2.69 1.83 1.52 1.13

S9 46.28 45.94 41.31 36.52 3.05 2.84 2.41 2.04

S10 30.15 22.43 18.34 13.07 2.41 1.77 1.34 1.02

Range 22.17–46.28 19.37–45.94 14.12–41.31 13.07–37.25 2.34–3.05 1.77–2.84 1.34–2.45 1.02–2.21

Mean 34.09 29.67 24.19 22.97 2.70 2.26 1.90 1.66

SD 7.85 9.07 9.44 9.88 0.27 0.42 0.42 0.44

Table 12: Relationships among the extractants in extracting 
zinc (Zn) cation in soils ofBirbhum District, West Bengal

 Extractants Melich 3 HCl AB-DTPA DTPA

Melich 3 1

HCl .943** 1

AB-DTPA .719** .763** 1

DTPA .628** .647** .945** 1

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

Table 13: Relationships among the extractants in extracting 
iron (Fe) cation in soils ofBirbhum District, West Bengal

 Extractants Melich 3 HCl AB-DTPA DTPA

Melich 3 1

HCl .834** 1

AB-DTPA .733** .937** 1

DTPA .702** .870** .925** 1

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

Table 14: Relationships among the extractants in extracting 
manganese (Mn) cation in soils of Birbhum District, West 
Bengal

 Extractants Melich 3 HCl AB-DTPA DTPA

Melich 3 1

HCl .941** 1

AB-DTPA .889** .951** 1

DTPA .791** .868** .937** 1

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

Table 15: Relationships among the extractants in extracting 
copper (Cu) cation in soils ofBirbhum District, West Bengal

 Extractants Melich 3 HCl AB-DTPA DTPA

Melich 3 1

HCl .719** 1

AB-DTPA .851** .667** 1

DTPA .690** .642** .900** 1

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

extracted by different extractants. These indicated that all 
the extractants are extractable Fe extracted from similar 
pools which are highly changeable in chemical, physical 
and mineralogical properties. A high and significant positive 
correlation noted between Melich 3-Mn and HCl-Mn 
(r=0.941**) as reported by Vocasek, and Friedericks (1994). 
Among the different extracted used for Cu estimation 
highest correlation observed between AB-DTPA-Cu and 
DTP-Cu (r= 0.900**). Similar observation also reported by 
Shittu and Ilori (2016)

4.   CONCLUSION

The suitability of cationic micronutrient extraction 
by different extractants was primarily influenced by 

the soils’ physicochemical properties, including pH, clay 
content, and organic matter, implying the importance 
of selecting different extractants for different soils based 
on their physicochemical properties. Among the major 
extractants tested, Melich 3 outperformed over all others. 
The order of extractability was Mehlich 3>HCl>AB-
DTPA>DTPA.Melich 3 may be substituted for the analysis 
of cationic micronutrient status in soils from rice-based 
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cropping systems in West Bengal’s lateritic belt.

5.   FURTHER RESEARCH

Further studies are required to investigate plant uptake in 
relation to these extraction methods, which may increase 

their effectiveness in this study.
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