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Introduction 
 

Zinc (Zn) deficiency is the most widespread 

micronutrient deficiency problem resulting in 

reduced crop production and nutritional 

quality of edible plant parts (Cakmak, 2002). 

It has also been reported in almost all 

countries (Alloway, 2008) including India in 

different soil types (Shukla et al., 2014). It is 

commonly prevalent in highly leached, 

heavily weathered and sandy acid soils with 

low organic matter content (Rautaray et al., 

2003). Rice (Oryza sativa L.) is one of highly 

sensitive crops to zinc (Zn) deficiency; Zn is 

the most important micronutrient limiting rice 

growth and yield (Alloway, 2004; Dong et al., 

2006). The availability of Zn in the soil varies 

widely depending on the soil properties and is 

associated with many soils and environmental 

factors which affect its availability to crop. 

The major factors which are responsible for 

zinc deficiency includes alkaline calcareous 

soil, sandy texture, low organic matter, high 
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The aim of this study was to evaluate the relationship between soil zinc and 

soil properties for which soil samples were collected from different agro-

climatic zones of West Bengal covering five districts and eleven blocks. 

Soils were collected from rice growing fields across these districts. pH of 

the soil ranged from 5.14-7.81 while the organic carbon content ranged 

from 0.65-2.12 per cent with a mean value of 1.30 per cent. The CEC of the 

soil ranged from 6.51-21.23 meq 100g
-1 

of soil while clay content ranged 

between 17.68-42.29 per cent. DTPA extracted soil Zn value ranged from 

0.55-1.92 mg kg
-1

 with a mean value of 1.08 mg kg
-1

. The availability of Zn 

in the rice soils were positively correlated with the organic carbon, EC, clay 

content and CEC and negatively correlated with pH, amorphous Al and Mn 

oxides of the soils. 
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pH, use of high analysis NPK fertilizer, high 

yielding genotypes etc (Cakmak, 1998; 

Anonymous, 1998; Tandon, 1995; Mortvedt et 

al., 1991). Availability of micronutrients 

including Zn not only depend on the total 

amount of nutrients present in the soil at a 

particular time but is also controlled by 

physico-chemical properties like: soil texture, 

organic carbon and calcium carbonate, cation 

exchange capacity, pH and electrical 

conductivity of soil (Bell and Dell, 2008). 

Keeping these facts in view, the present 

investigation was undertaken to study of 

relationship between soil Zn with soil 

properties which influences its availability to 

crop plants. 

 

Materials and Methods 

 

Description of the study area 

 

For studying the different physico-chemical 

properties including soil Zn, surface soil 

samples (0-15 cm) from eleven (11) rice 

growing fields situated in three different agro-

climatic zones of West Bengal were collected 

for a greenhouse experiment. The soils were 

collected from five different districts of West 

Bengal covering 11 blocks. Description of the 

soil collection sites are given in Table 1. 

Representative soil samples were collected 

from each of the above eleven blocks for 

measuring the different soil properties using 

standard protocols. 

 

Soil analysis  
 

Soil pH was measured in 1:2.5 soil water 

suspension using glass electrode pH meter 

(Jackson (1973). Electrical conductivity was 

measured in 1:2.5 soil water supernatant 

solution with the help of conductivity bridge 

(Jackson, 1973). The organic carbon was 

determined by rapid titration method (Walkley 

and Black, 1934) and clay content of the soils 

was determined through mechanical analysis 

by hydrometer method (Black, 1965). 

Determination of cation exchange capacity 

(CEC) of the soils was done by using the 

procedure given by Schollenberger and 

Simons (1945) Amorphous manganese and 

aluminium oxides was determined by the 

procedure given by McKeague and Day 

(1966). The available Zn in soil samples were 

extracted with DTPA (0.005 M DTPA + 0.01 

M CaCl2 + 0.1 M TEA, pH 7.3) as per the 

method described by Lindsay and Norvell 

(1978) and the concentration of Zn in the 

DTPA-extract was determined using atomic 

absorption spectrophotometer. 

 

Results and Discussion 

 

The range and mean values of analyzed soil 

properties viz pH, organic carbon, E.C, 

amorphous Al and Mn oxides, CEC and clay 

and soil available Zn is given in Table 2. The 

results in Table 2 shows that the pH of the soil 

ranges from 5.14-7.81, the organic carbon 

content ranged from 0.65-2.12 per cent with a 

mean value of 1.30 per cent, E.C values 

ranges from 0.08-0.24 dSm
-1

, the amorphous 

Al and Mn oxides ranges from 3.55-6.84 and 

0.47- 0.75 g kg
-1

 respectively. The mean value 

of amorphous Al and Mn oxides was 5.44 and 

0.63 g kg
-1

 respectively. The CEC of the soil 

ranged from 6.51-21.23 meq 100g
-1

 of soil 

with a mean value of 13.50 meq 100g
-1

 of soil 

while clay content ranged between 17.68-

42.29 per cent with a mean value of 29.55 per 

cent. The soil available Zn value ranged from 

0.55-1.92 mg kg
-1

 with mean value of 1.08 mg 

kg
-1

.  

 

Correlation between extractable Zn cations 

and soil characteristics showed dependence of 

available soil Zn on soil organic carbon, clay, 

CEC etc. From the results in Table 3 we 

observe that available Zn showed significant 

negative correlations with pH but positive 

correlations with organic carbon (r= 0.722*), 

EC (r= 0.542), cation exchange capacity 
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(0.524*) and clay content (r= 0.249*) of the 

soils. The availability of zinc increased 

significantly with increase in organic carbon 

because zinc forms soluble complexes with 

soil organic matter component. Sharma et al., 

in 2003 also noted positive correlations of soil 

Zn and organic carbon. Sidhu and Sharma 

(2010) also reported that the available 

micronutrients including Zn increased with 

increase in organic carbon. Yadav and Meena 

(2009) reported that the availability of Zn 

increased significantly with increase in clay 

(r= +0.597**), organic carbon (r = +0.896**), 

EC (r = +0.305*) and CEC (r = +0.527**). On 

the other hand, Mathur et al., (2006) also 

reported that the DTPA-extractable zinc was 

significantly and positively correlated with 

organic C (r= +0.738**), CEC (r= +0.875**) 

and clay content (r = +0.385**). The 

amorphous Al-oxides and Mn oxides content 

were negatively correlated with extractable 

soil Zn indicating a decreased availability of 

Zn with increased concentration of Al (r = -

0.317) and Mn (r= -0.084). 

 

On the other hand, the availability of zinc 

reducing significantly with an increase in pH 

(r = - 0.714*) of soil is further concluded by 

many other studies. Widespread zinc 

deficiency problems in Indo-Gangetic plain 

are mostly due to the high soil pH both in 

Pakistan and India (Qadir, 2002). Havlin and 

Soltanpour (1981) also reported decrease in 

extractable zinc with increase in pH of soil 

and further explained that activity of zinc 

reduced 100 times with increase in one unit of 

pH from 6.2 to 7.2. In addition higher pH and 

CaCO3 content results in insoluble Zn 

compounds such as Zn (OH) 2 and ZnCO3 

which can reduce the availability of zinc. The 

findings of the present investigation was also 

confirmed by the results of Singh, 2006 and 

Mehra, 2007. 

 

Table.1 Description of the sampling sites 

 

Agro-

climatic 

zones 

Districts Blocks Sites GPS location 

Latitude Longitude 

Coastal 

saline Zone 

S-24 

Parganas 

Sonarpur Kalikapur 22˚29΄611" 88˚27΄182" 

Canning- I Amrabaria 22˚18΄937" 88˚38΄725" 

Gangetic 

Alluvial 

Zone 

Nadia Haringhata Mitrapur 22˚57΄096" 88˚35΄38" 

Ranaghat- I Radhanagar 23˚13΄449" 88˚33΄525" 

Burdwan Burdwan-I Nerodighi 23˚20΄996" 87˚02΄367" 

Memari- II Dhunui 23˚15΄746" 88˚07΄934" 

Hoogly Bolagarh Sherpur 23˚02΄10" 88˚25΄544" 

Pandua Berui 23˚06΄717" 88˚21΄025" 

Undulating 

Red and 

Laterite 

zone 

Bankura Kotulpur Muidara 22˚59΄938" 87˚35΄799" 

Jaipur  Demodarbati 23˚2΄563" 87˚31΄821" 

Onda Rajagram 23˚7΄633" 87˚13΄369" 
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Table.2 Some important properties of the experimental soils 

 

Site Soil Zn pH Oxidisable 

carbon 

EC Al- 

oxides 

Mn 

oxides 

CEC Clay 

mg kg
-1

  % dS m
-1

 g kg
-1

 g kg
-1

 meq 100g
-1

 (%) 

Kalikapur 1.25 5.43 1.23 0.18 4.02 0.59 14.34 29.09 

Ambrabaria 1.16 6.88 1.04 0.12 5.96 0.61 7.88 18.51 

Mitrapur 1.92 5.76 2.12 0.16 4.92 0.69 21.23 32.67 

Radhanagar 1.87 5.14 1.91 0.24 4.41 0.67 18.72 29.86 

Dhunui 0.67 6.25 1.76 0.13 3.55 0.55 12.22 40.95 

Nerodighi 0.58 7.81 1.19 0.15 6.84 0.75 19.44 28.92 

Sherpur 1.58 5.87 1.53 0.19 6.13 0.47 15.56 42.29 

Berui 0.55 6.11 0.93 0.17 5.38 0.55 6.51 27.71 

Muidara 0.81 7.24 0.65 0.10 6.37 0.61 9.21 17.68 

Rajagram 0.63 7.16 0.81 0.08 6.31 0.70 15.79 20.59 

Demodarbati 0.88 6.76 1.13 0.21 5.95 0.73 7.59 36.78 

Range  0.55-

1.92 

5.14-

7.81 

0.65-2.12 0.08-

0.24 

3.55-

6.84 

0.47-

0.75 

6.51-21.23 17.68-

42.29 

Mean 1.08 6.40 1.30 0.16 5.44 0.63 13.50 29.55 

 

Table.3 Relationship between zinc concentration (mg kg
-1

) and physico-chemical properties of 

the initial soils 

 

 Soil Zn pH OC EC Al Mn CEC Clay 

Soil Zn 1.000 -0.714
*
 0.722

*
 0.542 -0.317 -0.084 0.524* 0.249* 

pH  1.000 -0.653
*
 -0.655

*
 -0.759

**
 0.417 0.221 -0.433 

OC   1.000 0.524 -0.603
*
 -0.034 0.632

*
 0.645

*
 

EC    1.000 -0.329 -0.015 0.165 0.569 

Al     1.000 0.302 -0.107 -0.397 

Mn      1.000 0.323 -0.290 

CEC       1.000 0.221 

Clay        1.000 

* Correlation is significant at the 0.05 level (2-tailed). 

 

The result of this study is backed by many 

more similar findings as shown by Sharma et 

al., 2004 who reported that the content of Zn 

increased with an increase in clay, CEC and 

organic C content but decreased with 

increasing pH. Similar results were also 

confirmed in which the DTPA-extractable Zn 

showed significant positive correlation with 

organic carbon (Jassal et al., 2014). In another 

study by Tundup and Akbar 2014, DTPA 

extractable Zn gave negative significant 

correlation with soil pH but was positively 

and significantly correlated with organic 

carbon and showed positive correlations with 

clay. Katyal and Sharma 1991, Sharma et al., 

1992, Ghosh et al., 1993 further concluded 

similar findings. The soil samples were 

collected from different agro climatic zones 

of the state showing variable soil properties 

and concentration of soil Zn however showed 

similar relationships with the soil properties 

controlling the availability of Zn in such soils 
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irrespective of the site of soil sample 

collection for the above study. 

 

The results of the studied soils indicated that 

the soil properties pH, EC organic carbon, 

CEC, clay content etc are the main 

characteristics playing major role in 

controlling the availability of Zn. Available 

Zn showed significant negative correlations 

with pH (r=-0.714*) but positive correlations 

with organic carbon (r = 0.722*), EC (r = 

0.542), cation exchange capacity (r= 0.524*) 

and clay content (r = 0.249*) of the soils. 
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