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Abstract

The present investigation was carried out for evaluation of the status of DTPA- Zn, Fe, Mn, and Cu in
relation with physico-chemical properties in soils of Birbhum district, West Bengal. Total 90 surface soil
samples were collected from three different blocks namely Md. Bazar, Nalhati and Bolpur. Collected soil
samples were analyzed for pH, electrical conductivity, organic carbon, textural class, Available P and
DTPA- extractable micronutrients using standard analytical methods. In general, textural class ranged
from sandy loam to sandy clay loam. Soils were strong to moderately acidic in reaction. Electrical
conductivity was found in normal range. Soil organic carbon status ranged from 0.24 to 0.81% and was
low in available P status. The status of available Zn was sufficient to high level while status of available
Fe, Mn and Cu was high. The DTPA-extractable zinc content in the surface soils under study varied from
0.37 to 1.28 mg kg with an average value 0.856 mg kg™. The available iron, manganese and copper
contents in soils ranged from 36.8-45.1, 15.1-17.9 and 2.5-3.2 mg kg respectively. From the correlation
study it was found that soil pH significantly and negatively correlated with available zinc (r= -0.233%),
iron(r=-0.42**) and manganese(r= -0.324*) whereas non- significantly with available copper (r=-0.132)
content. Soil organic carbon showed significant and positive correlation with all the micronutrients
except copper content. Non-significant and negative correlation was found between electrical
conductivity and available micronutrients. Clay content correlated significantly and negatively with
available Mn (r= -0.172*) and positively with available Zn (r=0.535**). Significant and negative
correlation showed between available P with available Zn and Fe.

Keywords: Correlation, micronutrients, physico-chemical properties, DTPA, Birbhum district

Introduction

Soil is one of the most important natural resources which is crucial for life on earth. Soil is the
base of the life, which support all the living organisms of the earth. Plant depends upon the
nutritional status of the soil for their growth and completion of the life cycle. The optimum
plant growth and crop yield depends not only on the total amount of nutrients present in the
soil at a particular time but also on their availability which in turn is controlled by physical and
chemical properties of soil. Along with macronutrients (nitrogen, phosphorus, potassium,
sulphur), micronutrients (zinc, iron, manganese, copper) are of immense importance in order to
maintain soil health, hence by increasing productivity of crops. Because of imbalanced and
inadequate fertilizer use coupled with low efficiency of other inputs, the response (production)
efficiency of chemical fertilizer nutrients has declined tremendously under intensive
agriculture in recent years.

Micronutrients such as zinc (Zn), copper (Cu), manganese (Mn) and Iron (Fe) are essential
nutrients required in very small quantities for normal plant growth by involving in various
enzymes and other physiological process including gene expression, biosynthesis of proteins,
nucleic acids, growth substances, chlorophyll and secondary metabolites, metabolism of
carbohydrates and lipids, stress tolerance etc. (Rengel, 2007 and Gao et al., 2008) [» &I,
Furthermore Zn is essential for protein and auxin production, cu is a constituent of cytochrome
oxidase, Fe helps in photosynthesis while Mn is essential for photosynthesis, carbon
assimilation and nitrogen metabolism.
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Total amount is rarely indicative of the nutrient availability to
the plant, because availability influenced by numerous soil
parameters like, soil pH, organic content, adsorptive surfaces
and other physical, chemical and biological conditions in the
rhizosphere zone (Pati and Mukhopadhyay, 2011) [?2,
According to (Zende, 1984) B the nutrient supply in soils is
depends on the level of organic matter, calcium carbonate,
degree of microbial activity, change in pH, types and amount
of clay and status of soil moisture. Micronutrient availability
is greater in soils with heavy texture, high organic matter
content and lower pH whereas, coarse textured soils such as
sand have fewer reserve and tend to get depleted rather
quickly (Yadav and Meena, 2009) [331,

Due to use of HYVs and intensive cropping along with
application of high analysis primary nutrient fertilizers leads
to decline micronutrient status in our soil system (Mathur et
al., 2006) *"l; Somasundaram et al., 2009 B%; Sharma et al.,
2009) 271, Keeping these in view and also lack of information
on micronutrients status to identify the emerging
micronutrient deficiency or toxicity in the soils of Birbhum
district, therefore a comprehensive study was undertaken for
evaluation of DTPA-extractable micronutrient cations (Zn,
Cu, Mn, Fe) and its relationship with physico-chemical
properties in soils of Birbhum district, West Bengal, which
will be useful in judging the deficiency of various element
and thereby use of efficient fertilizer management practices.

Materials and Methods

Study area

The present study was conducted on the soils of different
blocks of district Birbhum in West Bengal state. The
geographical area of the district is 4545 sq. Km with 5.12% of
the total area of the state. It is the 9th biggest district by area
in the state. The district is situated between 23° 32 30" (right
above the tropic of cancer) and 24° 35> 0" north latitude and
870 5' 25" and 880 1' 40" east longitudes. Geographically, this
area lies at the north eastern end of the Chota Nagpur Plateau,
as it slopes down and merges with the alluvial plains of the
Ganges. The climate on the western side is dry and extreme
but is relatively milder on the eastern side. During summer,
the temperature can shoot well above 40 °C (104 °F) and in
winters it can drop to around 10 °C (50 °F). Rainfall is higher
in the western areas as compared to the eastern areas.

Soil sampling

Thirty soil samples (0-15cm) were collected from the farmer’s
field from each three blocks namely Md. Bazar, Nalhati and
Bolpur of Birbhum district, were air dried, ground in a
wooden mortar, passed through 2 mm sieve and stored in
polythene bags for various analysis.

Soil analysis

Soil samples were analyzed for texture using Hydrometer
method by using sodium hexa meta phosphate as a dispersing
agent as described by Bouyoucos (1927). Soil reaction (pH)
was measured in 1:2.5 soil: water suspension with a digital
glass electrode pH meter (Jackson 1973) [, Electrical
conductivity was measured using conductivity meter as
outlined by Jackson (1973) [ under suitable measuring
conditions. Walkley and Black’s (1934) 34 wet oxidation
method was used for determination of organic carbon (OC).
Available phosphorus was extracted with Bray No-1 solution
as extractant (Bray, 1945) [l and using spectrophotometer at
wave length of 660 nm. Plant available (DTPA—extractable)
cationic micronutrients via Zn, Cu, Mn, and Fe in soils were
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extracted using DTPA (0.005 M DTPA + 0.01 M CaCI2 + 0.1
M TEA, pH 7.3) at 1:2 soil to extractant ratio as described by
Lindsay and Norwell (1978) %1 and determined on atomic
absorption spectrophotometer. Based on the available soil
micronutrient status, the soils were grouped into three
categories as, deficient, sufficient, and high (Table.1). The
relationship between various soil properties and cationic
micronutrient distribution were established by using simple
correlation coefficient.

Result and Discussion

Physicochemical properties

The values of physico-chemical properties with range and
average for the different blocks of the district are presented in
Table 2. Particle size distribution study revealed that the
texture varied from sandy loam to sandy clay loam. Dominant
fraction in these soils was sand, which might be due to high
rainfall and the parent material from which the soil was
derived. The results of the study were in conformity with the
findings of Sathyanarayana and Biswas (1970) 2],

The pH of most of the soils was strong to moderately acidic in
nature. The type of parent material and leaching of basic
cations might be the reason for that. Similar finding was
reported by Chakravarti et al, (1957) [. Electrical
conductivity in the soils under study and was found to be
normal with respect to plant growth. Soil organic carbon
status in soils of three different blocks ranged from 0.24 to
0.73%, 0.28 to 0.76% and 0.25 to 0.81% respectively. Soils
from Md. Bazar block showed low amount of organic carbon
content. This might be due to intensive cropping and improper
soil management. Available P content varied from 12.04 to
42.4 kg hal with a mean value of 27.09 kg ha?, which
indicates that most of the soils under study came under low
available P status. Acidic soil reaction might be the reason for
low P content in these soils. This result agrees with findings
of Deshmukh (2012) "], Pandit et al., (2016) @ and Das et
al., (2010) [,

Status of available micronutrients

The data revealed that DTPA-extractable zinc content in the
surface soils under study, varied from 0.37 to 1.28 mg kg™
with an average value 0.856 mg kg™. Out of ninety samples
only 18% of the samples were comes under deficient. Soils of
Nalhati block were found to contain higher amount of DTPA-
extractable zinc which may due to the high organic carbon
content as like findings of Krishnamurthy and
Srinivasamurthy (2001) 12 and Chidanandappa et al., (2008)
BBl and Kumar et al., (2017) (2231,

The DTPA-extractable Fe content of the soils ranged from
28.9-36.4, 46.3-55.6 and 35.2-43.4 mg kg in blocks of Md.
Bazar, Nalhati and Bolpur respectively. All the soil samples
under study were found to be having high iron levels. Among
three blocks, soils of Nalhati were showed that highest
amount of Fe levels. The high amount of Fe content in these
soils might be due to the leaching of exchangeable bases from
the surface soils (Hrangbung et al,. 2018) [*% and presence of
high organic matter content as reported by Prasad and Sakal
(1991) 1 and Sunandana et al., (2019) (34,

The DTPA-extractable Manganese content of the soils were
found to contain high available manganese value. Mn content
of soils under study varied from 15.1-17.9 mg kg with an
average value of 16.53 mg kg™. The lowest (12.5 mg kg?)
value of Mn was recorded in soils of Md. Bazar block while
highest (19.6 mg kg!) value of Mn content was observed in
soils of Nalhati block. The higher content of Mn in these soils
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might be due to high acidity and chelating of organic
compounds released during the decomposition of organic
matter. These results were confirmatory with results obtained
by Mandavgade et al., (2015) [*¢! and Sunandana et al., (2019)
[31]

The data presented in table. 2 showed that DTPA-copper
varied from 2.5 to 3.2 mg kg* with a mean value of 2.85 mg
kg™. The result is in conformation with the finding of Meena
etal., (2017) (81 and Bharteey et al., (2017) [, Out of total 90
soil samples collected from farmer’s field more than 90%
soils found high in Cu content. This is in confirmation with
the finding of Pandey et al., (2013) Il and Singh et al.,
(2015) 291,

Relationship between DTPA extractable micronutrients
and soil physico-chemical properties

The current study showed that, DTPA extractable zinc exhibit
positive and significant correlation with clay content (r =
0.535**) and organic matter (r = 0.362**), whereas negative
and significant correlation with soil pH (r =-0.233*) and
available P (r= - 0.588**), table 3. The negative correlation
with pH may be attributed to their precipitation as hydroxides
and carbonates consequently making them immobile and
unavailable to the plants. Similar results were obtained by
Shinde (2007) 81, The positive correlation between available
zinc and clay content indicates that available zinc status
increases with increasing fineness similar observation was
made by Kumar et al., (2011) 4 and Meena et al., (2017) [28],
The positive correlation between available zinc and organic
carbon content indicates that zinc forms soluble complexes
(Chelates) with soil organic matter component as reported by
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also reported by Gupta (2003) ! and Yadav and Meena et al.,
(2009) 51, While negative correlation with available P may
due to the precipitation of sparingly soluble iron-phosphate
compounds in the soil. The available Fe significantly
increased with increase in organic carbon (r = 0.425**).The
positive correlation of Fe with soil organic carbon might be
due to the formation of the relatively more soluble Fe-organic
chelates (Talukdar et al. 2009 and Ray et al., 2016) [32 241,
Correlation study showed that like other micronutrients,
availability of Mn also decreased with increase in soil pH (r=
-0.324*) which may due to the formation of insoluble higher
valent oxides of manganese at higher pH. It is confirmatory
with findings of Patel et al., (2019) Y and Sunandana et al.,
(2019) B, The availability of manganese in these soils
reduced with increase in clay content (r = -0.172*) which may
due to absorption of metal ions by clay particles. The similar
results were studied by Vijayakumar et al., (2011) %, Ray et
al., (2016) 1 and Patel et al., (2019) 2. The availability of
manganese in these soils enhanced with increase in OM
content of the soil (0.523**) as reported as Sunandana et al.,
(2019) B34,

Available copper in soils under study correlated non-
significantly and negatively with pH (r=-0.132) and organic
carbon (r= -0.023). Negative correlation with pH indicates
that at higher pH copper precipitates as copper hydroxide
Cu(OH), which is not readily available to the plants. High
OM content reduces availability of Cu which may due to
formation of complex formation with organic matter, similar
findings also reported by Vijayakumar et al., (2011) 21,

Table 1: Rating limits for soil test values used in India

Mandavgade et al., (2_015) Uel, L. ) Elements Deficient Sufficient High
DTPA extractable iron showed significant and negative Fe <45 4590 >90
correlation with soil pH (r= -0.42**) and available P(r= - Mn <35 357 >7.0
0.24**). The negative correlation with pH indicates that Cu <0.2 0.2-0.4 >0.4
solubility of iron in soil decreases along with increasing pH Zn <0.6 06-1.2 >1.2
by the formation of insoluble precipitate. Similar results were
Table 2: Physico-chemical characteristics in the soils of Birbhum district
Block pH  |EC(dSm™)| Organic C (%) | Available P(Kg/ha) D(LZfl‘(gz)” EELZ'/AKQF)"‘ D(Tr:]zﬁkg’)'” D(LF;'?‘kgC)“ Tecﬁ?sga'
Md. Bazar|Range|4.35-5.84| 0.01-0.08 0.24-0.73 9.08-43.31 0.33-1.30 | 28.9-36.4 | 12.5-16.8 | 2.9-3.7 SCL
Mean| 4.90 0.04 0.47 26.38 0.84 32.65 14.65 3.3
Nalhati |Range|5.91-6.94| 0.01-0.07 0.28-0.76 18.02-42.89 0.35-1.26 | 46.3-55.6 | 17.8-19.6 | 2.2-2.8 SCL
Mean| 6.47 0.03 0.56 29.72 0.88 50.95 18.7 2.5
Bolpur |Range|4.66-5.75| 0.01-0.07 0.25-0.81 9.21-41.0 0.45-1.28 | 35.2-43.4| 15.2-17.3 | 2.4-3.1 SCL
Mean| 4.92 0.03 0.49 25.8 0.85 39.3 16.25 2.75

Table 3: Correlation in between DTPA-extractable micronutrients
and physico- chemical properties in soils of Birbhum district

available

zinc,

iron

whereas
content.

that soil pH significantly and negatively correlated with
and manganese,
significantly with available copper

non-
Electrical

Soil Properties Zn Fe Mn
pH -0.233* -0.42** | -0.324* | -0.132
EC -0.023 -0.04 -0.142 | -0.032
oC 0.362** | 0.425** | 0.523** | -0.023
Clay 0.535** 0.231 -0.172* | 0.118
Available P -0.588** | -0.24** 0.34 0.021

* - Significant at 5% ** - Significant at 1%

Conclusion

The soil analytical data of Birbhum district clearly indicates
that soils are were strong to moderately acidic in reaction with
normal soluble salt content. The content of organic carbon
classified as normal to high category. The status of available
Zn was sufficient to high level while status of available Fe,
Mn and Cu was high. From the correlation study it was found

conductivity correlated non- significantly and negatively with
DTPA extractable micronutrients. Organic carbon content
correlated significantly and positively with all the available
micronutrients except copper. The information of the present
study could be useful in micronutrient fertilization strategy in
soils of Birbhum district, West Bengal.

Reference

1. Bharteey PK, Singh YV, Sharma PK, Sukirtee, Avinash
Kumar Rai, Maneesh Kumar. Available Micro Nutrient
Status and their Relationship with Soil Properties of
Narayanpur Block, District Mirzapur, Uttar Pradesh,
India. Int. J. Curr. Microbiol. App. Sci. 2017; 6(7):2838-
2843. doi: https://doi.org/10.20546/ijcmas.2017.607.395.

~ 255~


http://www.chemijournal.com/

International Journal of Chemical Studies

2.

10.

11.

12.

13.

14,

15.

16.

17.

18.

Bouyoucos GJ. A recalibration of hydrometer method for
making mechanical analysis of soil. Agron. J. 1951;
43:434-438.

Bray RH, Kurtz LT. Determination of total, organic, and
available forms of phosphorus in soils. Soil Science,
1945; 59:39-45.

Chakravarti P, Chakravarti S. Soils of West Bengal,
Agricultural research institute, Culcutta. 1957, 23B.
Chidanandappa HM, Yogesh GS, Gurumurthy KT,
Shivaprakash BL. Status of DTPA extractable Zinc in
soils under paddy land use cover in Cauvery command of
Mandya district, Karnataka. Mysore J. Agril. Sci. 2008;
42(2):247-250.

Das A, Patel DP, Munda GC, Gosh PK. Effect of organic
and inorganic sources of nutrients on yield, nutrient
uptake and soil fertility of maize (Zea mays)- Mustard
(Brassica campestris) cropping system. Indian Journal of
Agricultural Sciences, 2010; 80(1):85-88.

Deshmukh KK. Evaluation of soil fertility status from
Sangamnar area, Ahmednagar district, Maharashtra.
Rasayan Journal Chemicals, 2012; 5(3):398-406. doi:
https://doi.org/10.20546/ijcmas.2017.607.012.

Gao S, Yan R, Cao M, Yang W, Wang S, Chen F. Effect
of on growth, antioxidant enzymes and phenylalanine
ammonia-lyase activities in Jatropha curcas L. seedling.
Plant, Soil and Environment. 2008; 54(3):117-122.

Gupta K. Available micronutrient status and their effect
on soil properties of Nagaur Tehsil (Rajasthan).
M.Sc.(Ag.) Thesis, RAU, Bikaner, 2003.

Hrangbung JA, Herojit SA, Jekendra Singh S, Nandini
Devi K, Gopimohan Singh N. Profile Distribution of
Micronutrient Cations in Soils under Jhum Land in
Chandel District of Manipur (India). Int. J. Curr.
Microbiol. App. Sci. 2018; 7(11):332-340. doi:
https://doi.org/10.20546/ijcmas.2018.711.042.

Jackson ML. Soil Chemical Analysis. Prientice Hall of
India Pvt. Ltd. New Delhi, 1973.

Krishnamurthy R, Srinivasamurthy CA. Distribution of
some available micronutrients in black and red soils of
Karnataka. Mysore J. Agric. Sci. 2001; 39(1):57-63.
Kumar MB, Subbarayappa CT, Ramamurthy V.
Distribution of Available (DTPA-extractable) Zinc and
Iron and their Relationship with Some Soil Properties in
Rice Soils of Chamarajanagar District, Karnataka, India.
International Journal of Current Microbiology and
Applied Sciences. 2017; 6(5):1423-1428.

Kumar M, Babel AL. Available micronutrient status and
their relationship with soil properties of Jhunjhunu
Tehsil, District Jhunjhunu, Rajasthan. India Journal of
Agricultural Sciences, 2011; 3:20-31.

Lindsay WL, Norvell WA. Development of a DTPA soil
test for zinc, iron, manganese and copper. Soil Sci. Soc.
Am. J. 1978; 42:421-428.

Mandavgadel RR, Waikar SL, Dhamak AL, Patil VD.
Evaluation of Micronutrient Status of Soils and Their
Relation with Some Chemical Properties of Soils of
Northern Tahsils (Jintur, Selu and Pathri) of Parbhani
District. Journal of Agriculture and Veterinary Science.
(IOSR-JAVS) e-ISSN: 2319-2380, p-ISSN: 2319-2372.
2015; 8(2):38-41. www.iosrjournals.org.

Mathur GM, Deo R, Yadav BS. Status of zinc in irrigated
northwest plain soils of Rajasthan. Medicine and
Biology, 2006; 18(4):325-331.

Meena RS, Mathur AK. Available Micronutrients in
Relation to Soil Properties of Ghatol Tehsil, Banswara

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

~ 256"~

http://www.chemijournal.com

District of Rajasthan. Int. J. Curr. Microbiol. App. Sci.
2017; 6(7):102-108. doi:
https://doi.org/10.20546/ijcmas.2017.607.012.

Pandey A, Tiwari RJ, Sharma RP. Distribution of
Available Macro and Micronutrients in Soils of Dewas
District of Madhya Pradesh, A J. Multidisciplinary Adv.
Res., 2013; 2(2):108- 114.

Pandit TK, Mookherjee S. Evaluation of soil fertility
status in old alluvial zone of West Bengal. International
Journal of Agricultural science and Research. 2016;
6(5):1-8, ISSN(P): 2250-0057; ISSN(E): 2321-0087.
Patel AC, Pavaya RP, Patel AK, Patel VR. Status of
Micronutrient Cations (Zn, Cu, Mn, Fe) in Soils and their
Relationship with Soil Properties in Sabarkantha District
of Gujarat, Int. J. Pure App. Biosci. 2019; 7(1):285-291
(2019), DOI: http://dx.doi.org/10.18782/2320-7051.735.
Pati R, Mukhopadhyay D. Distribution of cationic
micronutrients in some acid soils of West Bengal. Journal
of Indian Society Soil Science. 2011; 59:125-133.

Prasad R, Sakal BP. Availability of iron in calcareous
soils in relation to soil properties. J. Indian Soc. Soil Sci.,
1991; 39:658-661.

Ray SK, Banik G. Available micronutrient status in
relation to soil properties in some villages under four
agro-climatic features of West Bengal. Journal of the
Indian Society of Soil Science, 2016; 2(64):169-175,
DOI:10.5958/0974-0228.2016.00022.0.

Rengel Z. Nutrient Cycling in Terrestrial Ecosystem
(Springer- Verlag, Berlin, Heidelberg,) 2007, 121.
Sathyanarayana T, Biswas TD. Chemical and
mineralogical studies of associated red and black soils.
Mysore J. Agril. Sci. 1970; 4:253-262.

Sharma BD, Raj K, Singh B, Sethia M. Micronutrients
distribution in salt affected-soils of the Punjab in relation
to soil properties. Archives of Agronomy and Soil
Science. 2009; 55:367 377.

Shinde YR. Physico-chemical properties and nutrient
availability of soils of Udgir and Deoni tahsils of Latur
district M.Sc. (Agri.) thesis submitted to MKV, Parbhani,
2007.

Singh YV, Ramana, Lokesh Kumar Jat. Available Micro
Nutrient Status and Their Relationship with Soil
Properties of Raisinghnagar Tehsil, District Sri
Ganganagar, Rajasthan, India, The J. Rural and Agri.
Res., 2015; 15(2):21-24.

Somasundaram J, Singh RK, Parandiyal AK, Prasad SN.
Micronutrient Status of Soils underDifferent Land Use
Systems in Chambal Ravines. Journal of the Indian
Society of Soil Science. 2009; 57:307-312.

Sunandana M, Shreya M, Ananya M, Soumi M, Ghosh
GK. Vertical Distribution of DTPA Extractable
Micronutrients and its correlation with soil properties in
selected Soil Profiles of Birbhum District of West
Bengal, Sci. and Cult. 2019; 85(7, 8):281-290.

Talukdar MC, Basumatary A, Dutta SK. Status of
DTPA-extractable cationic micronutrients in soils under
rice and sugarcane ecosystems of Golaghat district in
Assam. Journal of the Indian Society of Soil Science.
2009; 57:313-316.

Vijayakumar R, Arokiaraj A, Martin DPP. Micronutrients
and their relationship with soil properties of natural
disaster proned coastal soils. Research Journal of
Chemical Sciences, 2011; 1:8-12.

Walkley A, Black LA. An examination of methods for
determining soil organic matter and proposed


http://www.chemijournal.com/

International Journal of Chemical Studies

35.

36.

modification of the chromic acid titration method. Soil
Sci, 1934, 37:29- 34.

Yadav RL, Meena MC. Available micronutrient status
and their relationship with soil properties of Degana soil
series of Rajasthan. Journal of the Indian Society of Soil
science, 2009; 57:90-92.

Zende GK. Influence of crop sequence and fertilizer
levels on soil fertility. J. Maharashtra agric. Univ. 1984;
9(2):142-146.

~257 "~

http://www.chemijournal.com



http://www.chemijournal.com/

