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Abstract  Thanjavur is known as granary of Tamil 

Nadu; Paddy is the major crop of this district. Its 

productivity is influenced by the soil characteristics and 

irrigation system. Our human society solely depends on the 

soil for food production. The fundamental data of soil 

fertility and crop production is very limited in paddy fields 

at Thanjavur District. The aim of the study is to assess the 

correlation between the physico- chemical properties in 

paddy cultivation field at Thirupananthal Taluk, Thanjavur 

District. The study period is from January 2020 to 

December 2020. In this study, soil samples were taken 

using systematic random sampling method and regular soil 

digging (0-30 cm) (25 x 25 x 30 cm) and hand sorting 

method. Physical and chemical properties of soil were 

analyzed using standard methods. Among the 14 

parameters analyzed, seven parameters were significantly 

higher in high cultivation area than that in the low 

cultivation area. Among the 13 soil parameters, 28 

combinations of soil parameter were positively affected or 

relative with each other of high significance. Similarly, 25 

combinations in soil parameters had significantly negative 

relation with the one other. Correlation between the 

analytical parameters shows the significant relationship 

with one another. Usage of pesticides in the paddy 

cultivation field can also influence the soil quality. 

Keywords Physico-chemical Parameters, Paddy 

Cultivation, Soil, Thanjavur 

1. Introduction

Thanjavur District is well-known as ‘Rice Granary’ of 

Southern India for its intensive agriculture operations that 

have been adopted by formers. Paddy is the main crop of 

the district and it is raised in nearly 60% of the cropped 

area. Sugarcane, groundnut, pulses, gingelly and coconut 

are the other important crops cultivated in the district. 

Paddy is the predominant crop in Thanjavur. Its 

productivity is influenced by soil characteristics and 
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irrigation system. Bad soil characteristics, poor nutrition, 

low cation exchange capacity, high Fe/Al cations can 

decrease rice productivity [1]. Soil has many physical and 

chemical properties. Some are changeable, while others are 

difficult, or even impossible to adjust. Texture, structure, 

drainage and organic matter content are physical properties. 

Chemical properties that affect plant growth include cation 

exchange capacity and pH. For an agricultural system to be 

sustainable it must be soil restorative, which means its 

productivity, quality and capacity must be preserved and 

improved [2]. 

Good soil quality will maintain a high quality of food, 

ecosystems, environment and human health [3]. According 

to [4], soil quality is the capacity of a soil to provide the 

functions needed by humans and natural ecosystems for a 

long time. The soil quality combines physical, chemical 

and biological properties. Each property shows the 

function of the soil based on its type, land use, and climate 

[5]. The rampant use of chemical fertilizers contributes 

largely to the deterioration of the environment through 

depletion of fossil fuels, generation of carbon-di-oxide 

(CO2) and contamination of our natural resources such as 

water, air and soil.[6]. The soil ecosystem and paddy 

productivity are essential information to the environmental 

and socio-economic status of the people in the deltaic 

region [7]. Intensive management of paddy fields without 

preservation of soil fertility causes degradation of soil 

properties (biology, physics, chemistry) [8]. The lack of 

soil fertility causes decreasing yields and several plant 

diseases are also associated with poor soil fertility. If the 

soil fertility isn't smart and the crops are not in optimal 

condition, thus crops can be more susceptible to diseases 

and pests. Diseases and the presence of pests reduce the 

productivity of rice growing and threaten the livelihoods of 

the rural communities. Such conditions can be avoided by 

improving the condition of the soil [9]. If the soil is much 

deteriorated, applying chemical fertilizers might be 

necessary. Chemical fertilizers can restore the soil fertility 

very quickly; because the nutrients are available to the 

plants as soon as the fertilizers are dissolved in the soil. It 

takes much longer for the organic matter to be remodeled 

into humus and then discharged into nature [10].  

Our human society solely depends on the soil for food 

production. To achieve the increasing production of crop 

yield, man-made chemical fertilizers are being used on 

normal agricultural soil. Major usage of fertilizers and 

pesticides can contaminate the soil; at the same time, it is a 

reason of accumulation of heavy metals in agricultural 

soils. The heavy metals are potentially toxic to crops, 

animals, and humans when contaminated soils are used for 

production, because heavy metals are easily accumulated 

in vital organs, threatening crop growing and human health 

[11]. The soil's productive efficiency and long-standing 

qualities are depending on Physio-chemical and biological 

properties. Conservation of soil properties is a key role in 

soil management and its leads to high productivity. The 

fundamental data of soil fertility and crop production is the 

very limited in the paddy fields at Thanjavur District. 

Hence, the present study focused on the correlated relations 

between soil physico-chemical properties of selected 

paddy fields in Thanjavur District. 

2. Materials and Methods

Study Area 

The present study was conducted between January 2020 

to December 2020 on an area of 68.7965Sq.km paddy 

fields. The area under investigation lies in between the 

Long. 78
o
 45’ 50’’ E to 79

o
 35’ 55’’ E and Lat. 10

o
 10’ 0’’ 

N to 11
o
10’ 6’’ N. The average annual ambient temperature 

is 96
o
F and the rain fall is 4.4mm. Thanjavur is noted for its 

rapid growth of agriculture, industrialization, and 

urbanization. Thanjavur District lies on the East coast of 

Tamil Nadu. It extends to an area of 3396.57 sq kms. The 

District is bounded by the Cuddalore and Peramabalur 

Districts on the north, the Thiruvarur and Nagapattinam on 

the east, the Palk Strait on the south, and Pudukkottai and 

Tiruchirappalli districts on the west. This District can be 

divided into 3 main divisions and 12 deltaic regions. The 

upland area is mainly consisted of deltaic region. This 

study mainly focused on Thirupananthal Taluk at 

Thanjavur District. 

Soil sampling 

Soil samples were taken using the systematic-random 

sampling method [12] and regular soil digging (0 - 30 cm) 

(25 x 25 x 30 cm) and hand sorting [13]. The physical and 

chemical properties of the soil were analyzed with the help 

of the [14]. The following parameters were analyzed in this 

study. The soil pH was analyzed by Digital pH meter, 

electrical conductivity (EC – Conductometer), Water 

Holding Capacity (The ammonium chloride-ammonium 

acetate method), total N (Kjeldahl method), total P (Bray I 

method), total K (Flame photometer), Mg and Ca. The 

digested soil sample was analyzed for Heavy metal 

concentrations using an Atomic Absorption Spectrometer 

[15]. 

Statistical Analysis 

The software packages of SPSS (Version.23) were used 

for statistical analysis. The descriptive statistics and 

independent t test were used to find the difference 

between low and high cultivation area. The Pearson 

Correlation analysis showed the relation among the 

physio-chemical parameter in the study area. 
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3. Results and Discussion

Soil Physio-chemical Parameters in Low and High 

Paddy Cultivate Region 

Physico-chemical parameters were analyzed in paddy 

soil. The soil parameters assessed in paddy field of low and 

high cultivation in the study area are given in Table 01. 

Among the 13 parameters analyzed, seven parameters were 

significantly (P value 0.05) higher in high cultivation area 

than that in the low cultivation area. As for pH (mean= 

7.6±0.0071 t=1.68; p=0.094), the pH values of the soil 

samples didn’t much vary from one location to another and 

the results showed that majority of the soil sites were 

slightly alkaline. The pH can affect soil processes, such as 

the decomposition of organic matter, minerals, clay 

mineral formation, and the availability of nutrients [16]. 

The study areas have near neutral to alkaline condition with 

mean pH values of 7.3 to 7.8. Consequently, according to 

[17], a change in pH was observed as urea was applied 

more than the actual plant requirement. Also, acid and base 

forming cations can influence the soil pH to a great extent. 

Electric conductivity (EC) (mean=2.2 ± 0.00; t=2.07; 

p=0.039) of the soil is presented in the table 1. The 

minimum EC of the soil was recorded as 0.2 dSm at low 

cultivation village and maximum was 2.2 dSm recorded at 

high cultivation villages. Soil electrical conductivity is a 

measurement that correlates with soil properties that affect 

productivity, including cation exchange capacity (CEC), 

drainage conditions, organic matter level, salinity, and 

subsoil characteristics [18]. Generally, phosphorus 

fertilizers have the tendency to raise the EC level of soil. 

Thus, based on the results of the [19] present and previous 

studies it has been reported that the macronutrients of the 

soil have often changed to many forms by the microbial 

action, types of crop plant cultivated and application of 

fertilizers, etc. and the availability /accountability of these 

elements are not uniform in all the soils. 

Water holding capacity (mean=61.4 ± 0.59; t=-3.49; 

p=0.001) of the paddy fields soil samples recorded 

maximum (61.4) in High cultivation area and minimum of 

58.1 in low cultivation area. Water holding capacity is 

important to soil health. Soils that can retain a balanced 

amount of water are able to nourish crops and keep soil 

organic matter alive. Healthy soil structure forms into 

aggregates, lessening the density in the soil to create more 

pores, where water can filter in and out. [20] reported an 

increasing soil Water Holding Capacity is mostly 

associated with higher infiltration rates and lower runoff 

thus it could decrease the potential of soil erosion, in 

particular during intense rain events. Therefore, soil Water 

Holding Capacity is one of the most important soil 

properties influencing resource use efficiency, nutrient 

cycling, crop productivity, yield stability and 

environmental quality [21]. 

Nitrogen (N) (mean=126.0 ± 0.97; t=-1.62; p=0.005), 

Total-N in low cultivation area was 108.2 mg/kg and high 

cultivation area was 126.0mg/kg. Similarly, the Nitrogen, 

Phosphorus and Potassium was highly recorded in previous 

studies [22]. NPK was encouraged in the both vegetative 

and reproductive phase development of plants community. 

It may be because that the N in the soil comes from the 

atmosphere, fertilizer and decomposition of soil organic 

matter. Most of the nitrogen held in the soil is lost through 

runoff, volatilization and leaching. Based on [23] and [24] 

Volatilization reaches 70% and depends on soil CEC and 

high immersion. High nitrogen losses mean that only 10% 

of the nitrogen is absorbed by plants. The addition of 

total-N to the soil can be done by adding a slow-release 

fertilizer, such as providing paddy straw after harvesting 

the paddy field. 

Table 1.  Soil parameters in selected paddy fields in Thirupananthal Taluk at Thanjavur District 

Sl. No. Soil parameter Low cultivation High cultivation T value P - value 

1 pH 7.6 ± 0.01 7.6 ± 0.01 1.68 0.094 

2 EC dS/m 0.2 ± 0.00 2.2 ± 0.00 2.07 0.039 

3 Water Holding Capacity 58.1 ± 0.73 61.4 ± 0.59 -3.49 0.001 

4 Nitroge`3n (N) mg/kg 108.2 ± 0.97 126.0 ± 0.97 -1.62 0.005 

5 Phosphorus (P) mg/kg 12.2 ± 0.39 14.1 ± 0.52 -2.87 0.004 

6 Potassium (K) mg/kg 57.6 ± 0.99 71.0 ± 0.88 -10.12 0.000 

7 Calcium (ca) mg/kg 2.1 ± 0.04 2.7 ± 0.04 2.66 0.008 

8 Magnesium (Mg) mg/kg 44.9 ± 0.72 51.4 ± 0.78 -6.15 0.000 

9 Zinc (Zn) ppm 0.8 ± 1.84 0.9 ± 1.84 0.881 0.379 

10 Chromium (Cr) ppm 0.8 ± 0.10 0.3 ± 0.07 6.658 0.000 

11 Arsenic (As) ppm 0.9 ± 0.15 0.7 ± 0.13 -0.236 0.814 

12 Lead (Pb) ppm 0.6 ± 0.08 0.7 ± 0.07 -0.192 0.848 

13 Mercury (Hg) ppm 0.3 ± 0.02 0.4 ± 0.02 -1.566 0.118 

14 Cadmium (Cd) ppm 0.5 ± 0.05 0.9 ± 0.06 -4.281 0.000 
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Phosphorus (P) (mean=14.1 ± 0.52; t=-2.87; p=0.004), 

the available-P level was analyzed by the Bray I method. 

The result of analysis of the low cultivation paddy field is 

12.2 mg/kg and on the high cultivation paddy field is 14.1 

mg/kg. Phosphorus is available because pH at the research 

location is medium alkaline (7.67) to neutral (7.24), where 

in pH 7–8, P can be available for plants and not absorbed 

by Al [25]. Available-P in the non-organic paddy field is 

very high due to high chemical fertilizer input. Phosphorus 

also can increase the biological productivity of surface 

waters by accelerating eutrophication [26]. 

Potassium (K) (mean=71.0 ± 0.88; t=-10.12; p=0.000), 

The relatively higher amount of K content in the soil is 

because that the potassium nutrient in the soil is more 

stable than the nitrogen element, and due to its faster 

mobility compared to phosphorus nutrient; the availability 

of K in the soil is influenced by soil mineralogy in paddy 

production [27]. Almost all the farmers apply muriate of 

potash as the source of K. In the recent studies application 

range of potassium is not as per the recommended amount 

for rice. Most of the rice farms applied the higher quantity 

of K. However, the leaching condition brought in by 

rainfall does not permit retention of potassium on the soil 

exchangeable complex which might be the probable reason 

for the low potassium status of these soils [28]. 

Calcium (Ca) (mean=2.7 ± 0.04; t=2.66; p=0.008), 

Calcium is a secondary nutrient that is critical to crop 

development. It is needed in large amounts by all plants for 

the formation of cell walls and cell membranes, and it plays 

a vital role in soil structure. Due to the immobility of 

calcium in the soil and plant tissues, a continuous supply 

must be presented for plants to access [29]. The maximum 

contents of the Ca (2.7 mg/kg) were recorded in high 

cultivation, whereas the minimum Ca (2.1 mg/kg) contents 

were recorded in low cultivation area. 

Magnesium (Mg) is an essential nutrient for a wide array 

of fundamental physiological and biochemical processes in 

plants. It largely involves chlorophyll synthesis, 

production, transportation, and utilization of 

photoassimilates, enzyme activation, and protein synthesis. 

Magnesium (Mg) (mean=51.4 ± 0.78; t=-6.15; p=0.000) in 

high cultivation area and mean of low cultivation area is 

44.9 ± 0.72. The Mg concentrations in soils are greatly 

affected by pH values and CECs since Mg is characterized 

by reversible binding of Mg to permanent and variable 

charges in soils, which are strongly dependent on soil pH 

[]. 

Cadmium (Cd) (mean=0.9 ± 0.06; t=-4.28; p=0.000) 

than low or less paddy cultivation area. 0.5 ± 0.05. Rice 

readily takes up cadmium present in the soil, as a result of 

its natural occurrence, from application of 

cadmium-containing fertilizers and waste from industrial 

discharges. Cadmium can go up the food chain when 

contaminated crops and plants are ingested by animals. The 

uptake and translocation of Cd and its accumulation in rice 

grains may be reduced by developing genotypes restricting 

Cd uptake. 

In oppositely, Chromium (Cr) (mean=0.3 ± 0.07; 

t=-6.658; p=0.000) alone is lower in the high cultivation 

area than in the low cultivation area (mean=0.8 ± 0.10) 

(Table 01). Nowadays, pesticide has huge impact on soil 

properties and microorganisms [30]. Cr is a toxic, 

non-essential element to plants. The toxic effects of Cr are 

primarily dependent on the metal speciation which 

determines its uptake, translocation and accumulation. It 

transmitted from the water irrigation, because the water is 

already contaminated by the industrial wastes. 

Relation among the Soil Physio-chemical Parameters 

Pearson correlation analysis among the soil parameters 

is indicating the relationship among the parameters [31]. 

Among the 13 soil parameters, 28 combination of soil 

parameter were positively affected or relative each other 

with high significance (Table 2). Like, pH-N (r=0.227; 

p=0.000), EC-N (r=0.211; p=0.000), WHC-K (r=0.249; 

p=0.000), N-K (r=0.289; p=0.000), N-Hg (r=0.266; 

p=0.000), Ca-Mg (r=0.270; p=0.000), Zn-Pb (r=0.259; 

p=0.000), As-Cd (r=0.215; p=0.000), etc. Similarly, 25 

combinations in soil parameters significantly negative 

relation with the one other. Like, N-Zn (r=-0.202; p=0.000), 

N-Pb (r=-0.313; p=0.000), K-Zn (r=-0.311; p=0.000), 

K-Cr (r=-0.204; p=0.000), K-Pb (r=-0.208; p=0.000), 

Ca-As (r=-0.297; p=0.000), Pb-Hg (r=-0.275; p=0.000) 

etc., (Table 02). pH highly associates with other soil 

parameters like, potassium, phosphors, similar with the 

previous studies which reported the same [32,33,34]. [34] 

reported that the electric conductivity and potassium has 

positive association each other, and the present study also 

shown the same. Correlation results showed that 

relationships existing among soil physicochemical 

properties interfered with nutrient availability. This 

conforms to the findings of [35] which showed that plant 

nutrient availability depends on relationships existing 

among soil physicochemical properties. All metals 

analyzed showed a significantly strong positive and 

negative correlations with one another (p < 0.05) (Table 2). 

The positive correlation between these metals shows that 

there may be an interaction among these metals in the study 

area, and on the other hand, they might have similar origins. 

Negative correlation indicates that the indicators 

negatively affect each other, as an indicator increases while 

the other decreases. 
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Table 2.  Correlation matrix shows the relationship among the soil parameter in paddy fields Thirupananthal Taluk at Thanjavur District 

Sl. 

No. 
Soil parameter pH EC WHC N P K Ca Mg Zn Cr As Pb Hg 

1 Electric conductivity dS/m 
0.116 

(0.011) 

2 Water Holding Capacity 
0.038 

(0.407) 

0.142 

(0.002) 

3 Nitrogen (N) mg/kg 
0.227 

(0.000) 

0.211 

(0.000) 

-0.011 

(0.809) 

4 Phosphorus (P) mg/kg 
0.172 

(0.000) 

0.076 

(0.095) 

0.091 

(0.047) 

0.062 

(0.178) 

5 Potassium (K) mg/kg 
0.133 

(0.004) 

0.182 

(0.000) 

0.249 

(0.000) 

0.289 

(0.000) 

-0.170 

(0.000) 

6 Calcium (Ca) mg/kg 
-0.132 

(0.000) 

0.107 

(0.019) 

-0.057 

(0.213) 

0.111 

(0.015) 

-0.005 

(0.907) 

0.033 

(0.468) 

7 Magnesium (Mg) mg/kg 
-0.151 

(0.001) 

0.028 

(0.535) 

0.022 

(0.661) 

-0.043 

(0.512) 

-0.051 

(0.265) 

0.085 

(0.064) 

0.270 

(0.000) 

8 Zinc (Zn) ppm 
0.003 

(0.950) 

-0.139 

(0.002) 

-0.032 

(0.430) 

-0.202 

(0.000) 

0.055 

(0.228) 

-0.311 

(0.000) 

0.180 

(0.000) 

0.124 

(0.006) 

9 Chromium (Cr) ppm 
0.043 

(0.352) 

0.105 

(0.022) 

-0.054 

(0.241) 

-0.087 

(0.057) 

-0.162 

(0.000) 

-0.204 

(0.000) 

-0.064 

(0.159) 

-0.022 

(0.635) 

0.069 

(0.131) 

10 Arsenic (As) ppm 
0.035 

(0.444) 

-0.126 

(0.006) 

0.161 

(0.000) 

-0.142 

(0.002) 

-0.151 

(0.001) 

0.099 

(0.030) 

-0.297 

(0.000) 

-0.109 

(0.017) 

-0.029 

(0.520) 

-0.07 

(0.125) 

11 Lead (Pb) ppm 
-0.151 

(0.001) 

-0.06 

(0.190) 

-0.027 

(0.562) 

-0.313 

(0.000) 

0.081 

(0.077) 

-0.208 

(0.000) 

-0.046 

(0.320) 

0.095 

(0.038) 

0.259 

(0.000) 

-0.008 

(0.854) 

0.007 

(0.876) 

12 Mercury (Hg) ppm 
0.033 

(0.469) 

0.092 

(0.044) 

0.017 

(0.710) 

0.266 

(0.000) 

0.053 

(0.245) 

-0.084 

(0.066) 

0.002 

(0.969) 

0.088 

(0.054) 

0.176 

(0.000) 

-0.014 

(0.761) 

-0.099 

(0.031) 

-0.275 

(0.000) 

13 Cadmium (Cd) ppm 
-0.065 

(0.158) 

0.191 

(0.000) 

-0.137 

(0.003) 

-0.109 

(0.017) 

-0.162 

(0.000) 

0.106 

(0.020) 

-0.185 

(0.000) 

0.049 

(0.279) 

0.081 

(0.077) 

-.116 

(0.011) 

0.215 

(0.000) 

0.158 

(0.001) 

-0.132 

(0.004) 
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4. Conclusions

This study reveals the analysis and correlation of paddy 

growing soil in Thirupanandal Taluk. Result of the study is 

that, pH and EC were neutral to alkaline and non-saline in 

nature. NPK range of this outcome was moderate and 

acceptable for paddy growth. Although the Ca and Mg 

contents of the paddy fields were relatively high, there was 

no significant effect of soil-applied Mg on rice yields. 

Heavy metals were presented in very low amounts, 

although this also affects the properties of paddy soils. This 

result shows that an increase in soil pH helps reduces acidic 

cations (H+ and Al3+) on the soil colloid, there by 

favouring the availability of plant nutrients. A strong 

correlation between two variables or metals may be an 

occurrence of strong dependence of both variables on the 

same causal factor probably due to their common 

derivation from the same Ancestors in the basement 

complex. The micro and macro nutrients are essential for 

paddy growth. Thus, understanding the importance of soil 

fertility through biological process will improve the 

agricultural crop production and bring about sustainability. 

There is an increasing awareness of the need to assess plant 

nutrient requirements and their availabilities in soil as 

deficiencies of macronutrients are corrected. The quantity 

of a nutrient that is available for plant uptake is invariably 

very much less than the total amount in soil and the 

availability of each nutrient depends upon the form of 

mineral. Contamination in the studied soil may be related 

to indiscriminate use of fertilizers, pesticides, insecticides 

and herbicides and soil erosion. 
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