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ABSTRACT 
 

A study on soil metal contents with special reference to Fe, Cu, Mn, Zn, Ca, Mg and their 
correlation with pH in the tea garden belt of Sonitpur district, Assam, India has been 
presented in this paper. A total of forty four soil samples collected from inside and outskirts 
of tea gardens have been studied separately. In this study, the tools for data analysis are 
mainly experimental, aimed at defining possible relationships, trends, or correlations among 
the measured variables of interest. Pearson correlation and coefficient correlation is 
computed to examine the correlation among various soil quality parameters with pH to 
assess the status of the soil in the area. Statistical observations show that all the soil quality 
parameters exhibit non-uniform distribution on both side of the median. Differences between 
mean and median in each case and considerable standard deviation indicate that the 
distribution of metals in the soils of the study area is unsymmetrical. Wide data range in each 
case indicates the presence of extreme values in the form of outliers, which are likely to bias 
the normal distribution statistic. The soil in the study area is strongly acidic in nature and in 
general contains high Fe and Mn and deficient in Cu, Zn, Ca and Mg. High soil acidity is the 
primary cause behind the metal nutrient imbalance in the soils of the area. Thus, it may be 
concluded that the intrinsic soil quality in the study area is not completely safe with regard to 
the studied soil quality parameters. 
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INTRODUCTION 
Interest in evaluating the quality and 

health of our soil resources has been 
stimulated by increasing awareness that soil 
is a critically important component of the 
earth’s biosphere, functioning not only in the 
production of food and fiber but also in 
ecosystems function and the maintenance of 

local, regional, and global environmental 
quality1. Depending on pH conditions, 
contaminants can be confined in the soil 
matrix and become mobile, where they affect 
not only the soil ecosystem but also the food 
chain and water ecosystem by entering the 
food chain or finding their way into 
watercourses. Soil pH is a good indicator for 
possible nutrient problems. Soil acidity is 
associated with a number of soil chemical * Author for correspondence 
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and biological characteristics that manifest 
themselves as the components of the acid soil 
syndrome. These components may adversely 
affect plant growth. We also cannot look at 
the tea plants in isolation as regards to its pH 
requirement. Maintaining pH values is of 
absolute importance to the surrounding biotic 
community comprising of plants, shrubs, 
trees, and microorganisms. Hence pH has a 
direct as well as indirect influence on the 
quality of the soil.  There are a number of 
approaches for interpretation of the soil data 
to assess soil quality2-4 but as yet there is no 
international consensus. Examination of 
correlation among various soil quality 
parameters with pH makes it possible to 
monitor the status of the soil in an area. 
Correlation analysis measures the closeness 
of the relationship between chosen 
independent and dependent variables. If the 
correlation coefficient is closer to +1 or -1, it 
shows the probability of linear association 
between the variables. Hence, correlation 
between different parameters in specific 
environmental conditions is useful and when 
such correlation exists, determination of few 
parameters would sufficient to give some 
idea about the quality of the soil in the area. 

Objectives 

Correlation between pH and metal 
contents in the soils with reference to Fe, Cu, 
Mn, Zn, Ca and Mg in and around the tea 

gardens of Sonitpur district, Assam have 
been presented in this paper. The 
implications presented are based on 
statistical analyses of the raw data. The 
primary objective of this study is to present a 
statistically meaningful soil quality database 
of the area.  

MATERIAL AND METHODS 
Experimental 

Forty four soil samples were collected in 
and around the eleven selected privately 
owned small tea gardens of Sonitpur district, 
Assam in November, 2007, where no 
appropriate chemical testing of soils are done 
on a regular basis (Table 1). Samples were 
collected by adopting simple random 
sampling technique by maintaining a 
distance of about 50 meters between two 
samples.  A “V” shaped cut of 0 to 6-inch 
depth at random locations was made in each 
sampling sites  and one inch of soil on either 
side of pit was scraped and collected in 
polythene bags. Quartering technique was 
adopted to reduce the size of the sample to 
the required mass. The field collected soil 
samples after assigning identification number 
were air-dried  in oven set at 100 F (380C) 
for 12 hours. The air-dried sample was 
crushed by hand using a pestle and mortar 
and analyzed for pH, Fe, Cu, Mn, Zn, Ca and 
Mg by selecting standard procedures5. 

Table 1 : Area wise sample collection summary 

Area Number of tea 
gardens 

Number of samples 
(Identification No) 

Sources 

Inside Tea 
garden 

Outside Tea 
garden 

Gohpur 7 28 14 14 

Biswanath 
Chariali 

4 16 8 8 

Total 11 44 22 22 
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Statistical Analysis 
Sample data were subjected to statistical 

treatment using descriptive statistics in the 
form of mean, variance, standard deviation, 
standard error, range of variation and 
correlation analysis (Pearson correlation and 
coefficient correlations). Details of these 
may be found in standard books on statistics  

and software packages6.  

RESULTS AND DISCUSSION 
In this study, the tools for data analysis 

are mainly experimental, aimed at defining 
possible relationships, trends, or correlations 

among the measured variables of interest.

Table 2 : Descriptive Statistics for soil quality parameters inside tea gardens. 

Parameter Unit of 
measurement 

Mean Median Standard    
Error 

Standard 
Deviation 

Range Variance 

pH - 4.6073 4.750 0.1133 0.5316 2.02 0.283 
Fe ppm 65.9000 66.150 3.9163 18.369 75.50 337.4 
Cu ppm 1.3865 0.783 0.2238 1.0498 3.49 1.102 
Mn ppm 11.9248 4.455 3.1758 14.896 46.69 221.9 
Zn ppm 0.6850 0.682 0.1106 0.5188 1.75 0.269 
Ca meq/100g 0.4045 0.357 0.0429 0.2011 0.60 0.040 
Mg meq/100g 0.7727 0.817 0.0806 0.3782 1.20 0.143 

 
Table 3 :  Pearson Correlation matrix for soil quality parameters inside tea gardens. 

Correlation pH Fe Cu Mn Zn Ca Mg 
pH 1.000 0.036 0.515 -0.240 0.064 0.441 -0.452 
Fe 0.036 1.000 0.046 0.423 0.408 -0.065 0.267 
Cu 0.515 0.046 1.000 0.529 0.645 -0.053 -0.258 
Mn -0.240 0.423 0.529 1.000 0.861 -0.247 0.286 
Zn 0.064 0.408 0.645 0.861 1.000 -0.198 0.001 
Ca 0.441 -0.065 -0.053 -0.247 -0.198 1.000 0.158 
Mg -0.452 0.267 -0.258 0.286 0.001 0.158 1.000 

 
Table 4 :  Coefficient Correlation matrix for soil quality parameters with respect to 

dependent variable pH inside tea gardens. 

Analysis Mg Zn Ca Fe Cu Mn 
Correlations Mg 1.000 0.405 -0.356 -0.142 0.360 -0.614 

Zn 0.405 1.000 -0.119 -0.263 -0.261 -0.774 
Ca -0.356 -0.119 1.000 -0.018 -0.223 0.334 
Fe -0.142 -0.263 -0.018 1.000 0.235 -0.029 
Cu 0.360 -0.261 -0.223 0.235 1.000 -0.217 
Mn -0.614 -0.774 0.334 -0.029 -0.217 1.000 

Covariances 
 
 

Mg 0.035 0.018 -0.018 -8.487 0.005 -0.001 
Zn 0.018 0.056 -0.008 0.001 -0.004 -0.002 
Ca -0.018 -0.008 0.076 -1.583 -0.004 0.001 
Fe -8.487 0.001 -1.583 1.030 5.340 -8.035 
Cu 0.005 -0.004 -0.004 5.340 0.005 0.001 
Mn -0.001 -0.002 0.001 -8.035 0.001 7.359 
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Table 5 : Descriptive Statistics for soil quality parameters outside tea gardens 

Parameter Unit of 
measurement 

Mean Median Standard    
Error 

Standard 
Deviation 

Range Variance 

pH  4.8805 4.933 0.0709 0.33277 1.40 0.111 

Fe ppm 60.5486 61.335 4.3508 20.40687 86.70 416.441 

Cu ppm 0.9097 0.757 0.1228 0.57590 2.53 0.332 

Mn ppm 4.3946 3.441 0.6888 3.23086 10.81 10.438 

Zn ppm 0.3645 0.229 0.0580 0.27189 0.77 0.111 

Ca meq/100g 0.4182 0.344 0.0602 0.28223 1.10 0.080 

Mg meq/100g 1.7273 1.700 0.1977 0.92753 3.42 0.860 
  

Table 6 : Pearson Correlation matrix for soil quality parameters outside tea gardens 

Correlation pH Fe Cu Mn Zn Ca Mg 

pH 1.000 -0.034 0.100 0.375 0.246 0.362 -0.173 

Fe -0.034 1.000 0.351 -0.057 0.460 -0.020 0.140 

Cu 0.100 0.351 1.000 -0.031 0.572 0.217 0.142 

Mn 0.375 -0.057 -0.031 1.000 -0.017 -0.342 -0.490 

Zn 0.246 0.460 0.572 -0.017 1.000 0.475 0.246 

Ca 0.362 -0.020 0.217 -0.342 0.475 1.000 0.088 

Mg -0.173 0.140 0.142 -0.490 0.246 0.088 1.000 
 

Table 7 : Coefficient Correlations matrix for soil quality parameters with respect to 
dependent variable pH outside tea gardens. 

Analysis Mg Ca Fe Cu Mn Zn 
Correlations Mg 1.000 0.298 0.102 0.032 0.563 -0.345 

Ca 0.298 1.000 0.359 0.061 0.498 -0.593 

Fe 0.102 0.359 1.000 -0.089 0.213 -0.460 

Cu 0.032 0.061 -0.089 1.000 0.051 -0.426 

Mn 0.563 0.498 0.213 0.051 1.000 -0.382 
Zn -0.345 -0.593 -0.460 -0.426 -0.382 1.000 

Covariances Mg 0.008 0.008 3.510 0.001 0.001 -0.012 

Ca 0.008 0.102 0.001 0.003 0.004 -0.075 

Fe 3.510 0.000 1.523 -4.866 2.250 -0.001 
Cu 0.000 0.003 -4.866 0.020 0.001 -0.024 

Mn 0.001 0.004 2.250 0.000 0.001 -0.004 

Zn -0.012 -0.075 -0.001 -0.024 -0.004 0.158 
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In practical terms, soils between pH 6.5 
and 7.5 are considered to be neutral. Soils in 
the range 5.6 to 6.0 are moderately acidic 
and below 5.5 are strongly acidic7. The pH 
values of the soil reflect the health status of 
the soil as to whether it is fit for cultivation 
or not. The soil in the study area is decidedly 
acidic in nature. The soil pH of the area is 
indicative of possible nutrient problems. The 
factors like constant addition of agro-
chemicals to the soil in the tea gardens and 
excessive rainfall results in severe acidity 
build up in the soil system and affect the 
nutrient uptake of the tea plantation. Most tea 
estates are concerned with major nutrient 
uptake and recycling, but fail to give 
importance to the micronutrient depletion. 
This disturbs the surrounding ecological 
niche like the paddy fields around the tea 
gardens.  

Copper and zinc contents of soil are poor 
in the area. Correlation between Cu and pH 
is found to be significant at 0.05 level in the 
area. A significant correlation is also 
observed between Cu and Zn. All the soil 
samples of the study area have high Fe and 
Mn contents. We have measured the amounts 
of exchangeable Ca and Mg since this is the 
plant-available form. The acidic soils of the 
study area limit the availability of Ca and Mg 
to the plant. It is also observed that Ca and 
Mg have a significant correlation with pH 
inside the tea gardens.  

Statistical observations show that all the 
soil quality parameters exhibit non-uniform 
distribution on both side of the median. 
Differences between mean and median in 
each case and considerable standard 
deviation indicate that the distribution of 
metals in the soils of the study area is widely 
off normal. Wide data range in each case 

indicates the presence of extreme values in 
the form of outliers, which are likely to bias 
the normal distribution statistic. Pearson's 
correlation coefficient and the correlations 
matrix as given in Table 3 and Table 6 
provide the variation among the soil quality 
parameters with one another. The correlation 
is significant at the 0.05 level if parameters 
are negatively correlated. Covariance matrix 
given in Table 4 and Table 7 displays the 
variance-covariance matrix of regression 
coefficients with covariances off the diagonal 
and variances on the diagonal with respect to 
the dependent variable pH.  

CONCLUSION 
A concise statistical analysis of soil 

metal contents with special reference to Fe, 
Cu, Mn, Zn, Ca, Mg and their correlation 
with pH in the tea garden belt of Sonitpur 
district, Assam has been carried out. The 
variation of pH may be due to semiarid 
nature of terrain and mobility of some agro-
chemicals that are used extensively in the tea 
gardens. High soil acidity is the primary 
cause behind the metal nutrient imbalance in 
the soils of the study area. The soils in the 
study area contain high Fe and Mn and 
deficient in Cu, Zn, Ca and Mg. Thus, it may 
be concluded that the intrinsic quality of soils 
in and around the tea gardens of Sonitpur 
district, Assam is not encouraging because of 
either low or high nutrient status in soils. 
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Introduction to G. SEED 

 
Global earth Society for Environmental Energy and Development (G. SEED) is an official 
globally reputed and fully devoted society for environment. It is the only society, registered 
and recognized by the Government of Madhya Pradesh (India), practically involved in the 
protection and conservation of environment. Journal of Environmental Research And 
Development (JERAD) is working under aegis of the G.SEED. Beside this, society is holding 
quality publications for research papers, Ph.D. thesis and text books on environment and other 
subjects through JERAD publications. Society is deeply involved in holding International and 
National seminars on environment. Two magnificent International seminars and five Grand 
National seminars have been performed by the society so far. Third International Seminar is 
likely to be held at Mauritius in 2010. 

Environmental awareness programs and plantation in India and abroad has also been 
organizing by the G.SEED. In this way, Journal has adopted the colonies and institutions for 
practical implementation of its objectives to conserve and protect the environment.  Society is 
also planning to start awards to distinguished persons / Institutions / Societies / Industries, 
working in the field for environment in its real term. Society is also successfully holding 
International Congress of Environmental Research (ICER) which gives fellow membership 
(FICER), Life membership (AICER), and annual membership to its subscribes throughout the 
world. More many privileges are associated with these memberships. Please feel free to visit 
Membership Opportunities for more details. Society is always looking towards innovative 
programs. 

G.SEED has recently been started a prestigious and worth reading magazine Green Cluster  
in Hindi and English. This includes Articles, News, Awards, Prizes, Scholarships of  
national and international repute for Environmental conservation and protection. 


