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Abstract Drinking water quality with respect to 
lead, iron, fluoride, and arsenic has been carried 
out in and around tea gardens of Darrang district 
of Assam, India. The district lies between 26°25' 
and 26°55' northern latitude and 9I°45' and 9l°20' 
east longitude and covers an area of 3,465.30 km2. 
Twenty-five different sampling stations were se
lected for the study. Iron, lead, and arsenic were 
analyzed by using an atomic absorption spectrom
eter, Perkin Elmer AA 200, while fluoride was 
measured by the SPADNS method using a UV- 
VIS spectrometer, Shimadzu 1240 model. The 
study revealed that the water sources in the area 
are heavily polluted with lead. Statistical analysis 
of the data is presented to determine the distribu
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lion pattern, localization of data, and other related 
information. Statistical observations imply non- 
uniform distribution of the studied parameters 
with a long asymmetric tail either on the right or 
left side of the median.

Keywords Skewness • Quartile • Correlation * 
Kurtosis - Lead - Arsenic

Introduction

India is currently facing critical water supply and 
drinking water quality problems. Water supplies 
in India are no longer unlimited. In many parts 
of the country, water supplies are threatened by 
contamination and future water supplies are un
certain, There is evidence of prevailing contami
nation of water resources in many areas of India. 
Although information on drinking water quality 
of Northeastern India is very little, results re
ported by various agencies have been alarming. 
The discovery that arsenic-contaminated ground- 
water is found in many tube wells in West Bengal 
has provided a major challenge to the efforts to 
provide safe drinking water (Chakraborti et al. 
2002). Available literature shows that groundwa
ter in Assam are highly contaminated with iron 
(Aowal 1981). The occurrence of fluoride conta
mination in Darrang, Karbi Anglong, and Nagoan
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districts of Assam in the form of fluorosis were al
ready reported (Kotoky et al. 2008; Sushella 2007; 
Chakravarti et al. 2000). High level of fluoride 
and iron distribution in groundwater sources of 
certain districts of Assam has also been observed 
(Baruah et al. 1995; Das et a l  2003). The ele
vated lead level in drinking water is a new public 
concern in Assam. A critical step in assuring the 
quality of drinking water resources is to identify 
the cause of current or potential contamination 
problems. Testing of water quality on a regular 
basis is, therefore, an important part o f maintain
ing a safe and reliable source. The World H ealth. 
Organization (WHO) has given a set o f guideline 
values for drinking water quality (WHO 2004). 
These guideline values, along with tolerance limits 
prescribed by the Indian Standard Institute (ISI; 
Trivedy 1990) and EPA standards of USA, are 
also important in determining water quality (Train 
1979). If the people continue to use contaminated 
water, many will lose their health or die within a 
few decades. Those who will survive are in danger 
o f carrying genetic and other diseases to the future 
generation. Unfortunately, the people in Darrang 
district are still unaware of water contamination 
and its hazardous effects. The efforts are much 
less than needed to mitigate the crisis. Hence, the 
immediate involvement o f the research commu
nity is needed to combat the slow-onset disaster 
and save the poor people. For a rural and back
ward district like Darrang of Assam where the 
majority o f the people live below the poverty line, 
the provision of safe drinking water is one o f the 
prior conditions for overall social development. 
The present research has been carried out to study 
the drinking water quality parameters with respect 
to lead, arsenic, fluoride, and iron in and around 
some tea gardens of Darrang district, Assam to 
help users at the national or local level to establish 
which chemicals in a particular setting should be 
given priority in developing strategies for risk. 
H ie  present work has been intended to provide 
unfaltering records o f contamination o f water for 
safe future use so that it is o f value as an indi
cator o f short-term improvement or deterioration 
in the environment when implementing remedial 
policies.

Materials and methodology
The study area, Darrang district, is situated in the 
eastern parts of India on the northeast corner of 
Assam. Located on the bank of the mighty river 
Brahmaputra, the district is largely plain. The 
district lies between 26°25' and 26°55' northern 
latitude and 91°45' and 9 \ ° 2 &  eastern longitude. 
The district covers an area of 3,465.30 km2 and 
falls in the subtropical climatic region and enjoys 
monsoon type o f climate. For the present study, 
25 water samples were collected in and around the 
five tea gardens of Darrang district during June to 
November 2008 (Fig. 1). Separate water samples 
were selected by random selection and compiled 
together in clean and sterile 1-L polythene cans 
rinsed with dilute HC1 to set a representative 
sample and stored in an ice box. Samples were 
protected from direct sunlight during transporta
tion to the laboratory and were analyzed as per 
the standard procedures (A P H A 1998). Iron, lead, 
and arsenic were analyzed by using an atomic 
absorption spectrometer (Perkin Elmer A A  200). 
Fluoride was measured by the SPADNS method 
using a UV-VIS spectrometer (Shimadzu 1240).

Remits and discussion
The experimental findings are summarized in 
Table 1. To look into the trend and distribu
tion patterns o f lead, iron, arsenic, and fluoride 
in drinking water, data were exposed to several 
statistical treatments. A  conventional descriptive 
statistics based on normal distribution has been 
shown in Table 2. Correlations among the studied 
parameters are presented in Table 3.

Lead has no beneficial effect on humans or 
animals. Chronic exposure occurring over an ex
tended period of time to even low levels of lead 
can have severe effects since lead is accumulated 
and stored in the bone. When the concentration is 
so high that storage in the bone is saturated, blood 
lead levels begin to affect nerve tissue. If drinking 
water is found to contain lead level exceeding 
the EPA guideline value o f 0.015 ppm, it needs 
attention for lead contamination. In the present
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fig. 1 Sketch map of 
Darrang district showing 
the 25 sampling stations

study, the entire drinking water samples contain 
lead above the permissible limit. Lead above the 
permissible level in water can cause severe health 
problems among the people in the area. Large 
differences between mean and median, significant 
positive skewness, and kurtosis value indicate that 
the distribution of lead in the study area is widely 
off normal. The asymmetric nature of lead distri
bution is also evident from the width of the third 
quartile, which is much greater than the first and 
second quartiles.

Iron is one of the most disturbing constituents 
in water supplies throughout India. Water with 
high iron concentration causes most of the stain

ing problems which appear around toilet bowls or 
on fixtures where water stands or drips. Although 
iron occurs naturally in groundwater, the higher 
concentration of iron in tube well waters with 
respect to other water sources in the area may be 
due to soil origin and age-old corroded iron pipes 
used. Iron content of some of the drinking water 
sources in the area exceeds the WHO guideline 
value of 0,3 mg/L. The iron content of the area 
may also promote the growth of iron bacteria, 
leaving a slimy coating in piping. A broad third 
quartile and positive skewness in case of iron 
represents a long asymmetric tail on the right of 
the median. The width of the third quartile is
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Table 1 Average value of parameters of drinking water of Darrang district at 25 different stations
Sample
no.

Sampling station Source Pb
(in ppm)

Fe
(in ppm)

As
(in ppb)

F~
(in ppm)

i Inside Tangoni Tea Garden Tube well 0.07 0.36 1.70 0.62
2 Inside Tangoni Tea Garden Tube well 0.08 0.35 1.08 0.54
3 Inside Tangoni Tea Garden Tube well 0.08 0.29 1.33 0.31
4 Outside Tangoni Tea Garden Tube well 0.10 0.27 BDL 0.97
5 Outside Tangoni Tea Garden Tube well 0.09 0.31 0.32 0.61
6 Inside Paneri Tea Garden Tube well 0.25 0.24 0.41 0.61
7 Inside Paneri Tea Garden Tube well 0.07 0.13 BDL 0.58
8 Inside Paneri Tea Garden Tube well 0.33 0.45 2.34 0.62
9 Outside Paneri Tea Garden Tube well 0.35 0.87 0.41 0.58
10 Outside Paneri Tea Garden Ring well 0.09 0.12 1.33 0.45
11 Inside Dimakusi Tea Garden Tube well 0,05 0.25 BDL 0.51
12 Inside Dimakusi Tea Garden Ring well 0.11 0.04 1.08 0.54
13 Outside Dimakusi Tea Garden Tube well 0.09 0.01 BDL 0.42
14 Outside Dimakusi Tea Garden Tube well 0.08 0.25 0.21 0.38
15 Inside GbagraparaTea Garden Ring well 0.18 0.02 BDL 0.64
16 Inside Ghagrapara Tea Garden Ring well 0.08 BDL BDL 0.45
17 Outside Ghagrapara Tea Garden Ring well 0.13 0.03 1.22 0.63
18 Outside Ghagrapara Tea Garden Ring well 0.17 0.04 1.38 0.65
19 Inside Corramore Tea Garden Stream 0.14 0.65 4.59 0.31
20 Inside Corramore Tea Garden Stream 0.17 0.72 3.11 0.56
21 Outside Corramore Tea Garden Ring well 0.16 0.53 2.89 0.43
22 Outside Corramore Tea Garden Ring well 0.18 0.48 3.04 0.48
23 Inside Singrimari Tea Garden Tube well 0.04 0.98 9.76 0.19
24 Inside Singrimari Tea Garden Tube well 0.05 0.95 11.15 0.11
25 Outside Singrimari Tea Garden Ring well 0.04 0.15 6.21 0.09
BDL below detection limit

Table 2 Descriptive 
statistics for water quality 
parameters

Table 3 Correlation table

* p =  0.05 significant 
correlation (two-tailed) 
**p =  0.01 significant 
correlation (two-tailed)

Descriptive statistics Pb Fe As F"
Mean 0.1272 0.3396 2.1424 0.4912
Standard error 0.01654 0.05969 0.59139 0.03808
Median 0.0900 0.2700 1.2200 03400
Mode 0.08 0.04 0.00 031
Range 0.31 0.98 11.15 0.88
Standard deviation 0.08269 0.29843 2.95693 0.19042
Variance 0,00684 0.08906 8.74345 0.03626
Skewness 1.483 0.877 2.049 -0.21
Kurtosis 1.898 -0.143 3.892 1.176
First quartiie 0.0750 0.0800 0.1050 0.4000
Second quartiie 0.0900 0.2700 1.2200 03400
Third quartiie 0.1700 0.5050 2.9650 0.6150

Fe Pb As p -
Pearson’s correlation Fe 1 -0.146 0.877“ -0370**
Significance test (two-tailed) - 0.486 0.000 0.003
Pearson’s correlation Pb -0.146 1 -0.243 0.396*
Significance test (two-tailed) 0.486 - 0.241 0.050
Pearson’s correlation As 0.877“ -0.243 1 1 © ■-

4

-4
* «

Significance test (two-tailed) 0 .0 0 0 0.241 - 0 .0 0 0

Pearson’s correlation F~ -0.570" 0.396* -0.717** 1
Significance test (two-tailed) 0.003 0.050 0.000 -
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1.8 t im es  g r e a te r  than  th e  s econ d  q u a r t ile , w h ich  

fo r  a s y m m e tr ic  d is tr ib u tio n  sh ou ld  b e  eq u a l. F la t 

d is tr ib u tio n  fo r  iro n  in  th e  a re a  is in d ica ted  b y  

n e g a t iv e  k u rto s is  va lu e .

N a tu ra l f lu o r id e  in  d r in k in g  w a te r  w as  n o t  c o n 

s id e r e d  a h ea lth  c o n c e rn  u n til ju s t re cen tly . T h e  

o p t im u m  le v e l  o f  f lu o r id es  in  w a te r  f o r  re d u c in g  

d e n ta l c a v it ie s  is a b o u t 1 m g/L. T h e  d is tr ib u tio n  o f  

f lu o r id e  in  th e  d r in k in g  w a te r  o f  D a r ra n g  d is tr ic t 

w a s  fo u n d  to  b e  w ith in  th e  p e rm is s ib le  l im it  o f  th e  

W H O  w ith  an  a v e r a g e  o f  0 .4912 m g/L. F lu o r id e  

w ith  th is a v e r a g e  va lu e  in  w a te r  m a y  cau se  d e n ta l 

ca rr ie s . N o  f ix e d  tren d  o f  v a r ia t io n  o f  flu o r id e , 

a m o n g  th e  sa m p lin g  s ta tion s  c o u ld  b e  a sce r ta in ed  

w h ic h  m a y  b e  d u e  to  h u m an  a c t iv ity , use o f  a r 

t if ic ia l fe r t i liz e r s , an d  w a s te  d isp osa l. A n a ly s is  o f  

q u a r t ile s , p o s it iv e  k u rtos is , a n d  n e g a t iv e  skew n ess  

a r e  in d ic a t iv e  o f  sh a rp  a sym m etr ic  d is tr ib u tio n  o f  

f lu o r id e  w ith  a  lo n g  l e f t  ta il in  th e  s tu d y  a rea .

A r s e n ic  in  th e  s tu d y  a re a  ca n  e n te r  th e  w a te r  

su p p ly  fr o m  n a tu ra l d ep o s its  in  th e  ea rth  o r  f r o m  

in d u str ia l a n d  a gr icu ltu ra l p o llu tio n . I t  is w id e ly  

b e l ie v e d  th a t n a tu ra lly  o c cu rr in g  a rsen ic  d is s o lv e s  

o u t  o f  c e r ta in  ro ck  fo rm a tio n s  w h en  g ro u n d w a te r  

le v e ls  d r o p  s ign ifican tly . H ig h  a rsen ic  le v e ls  a re  

o f t e n  u sed  to  in d ica te  im p ro p e r  w e l l  con s tru c 

t io n  o r  th e  lo c a t io n  o r  o v e ru s e  o f  ch em ica l fe r 

t i l iz e r s  o r  h e rb ic id es . M o s t  o f  th e  w a te r  sa m p les  

in  th e  p re s en t s tu d y  m e e ts  o r  fa lls  b e lo w  th e  

cu rren t s tan d ard  f o r  a rsen ic , w h ic h  is 0.05 p p m  

( W H O  2004). W id e  d a ta  ra n g e  a n d  h igh  stan 

d a rd  d e v ia t io n  in  ca se  o f  a rsen ic  is l ik e ly  t o  b ias  

th e  n o rm a l d is tr ib u tio n  s ta tis tic . T h is  o b s e r v a t io n  

is  s u p p o r te d  b y  la rg e  d if fe r e n c e s  b e tw e e n  m ean  

a n d  m ed ia n . P o s it iv e  k u rto s is  an d  skew n ess  v a lu e  

p o in t  to w a rd  sh a rp  a rsen ic  d is tr ib u tio n  w ith  a  lo n g  

r ig h t  t a i l  in  th e  s tu d y  a rea .

T h e  P e a rs o n ’s c o r r e la t io n  c o e ff ic ie n t  is  a  m e a 

su re  o f  l in e a r  a sso c ia t ion  a m o n g  d i f fe r e n t  v a r i

a b les . C o r r e la t io n  c o e ff ic ie n t  ra n ges  b e tw e e n  — 1 

(a  p e r fe c t  n e g a t iv e  r e la t io n s h ip ) a n d  + 1  ( a  p e r fe c t  

p o s it iv e  re la t io n s h ip ). A  v a lu e  o f  0  in d ica tes  n o  

l in e a r  re la t io n sh ip . S in ce  th e  d ir e c t io n s  o f  a ssoc i

a t io n  o f  th e  m easu red  v a r ia b le s  a re  u n k n ow n  in  

a d v a n c e , tw o - ta ile d  tes t o f  s ign ific a n ce  w as  c a rr ie d  

o u t  a n d  p re s e n te d  in  T a b le  3. I t  is a ls o  o b s e r v e d  

th a t s o m e  o f  th e  w a te r  q u a lity  p a ra m e te rs  a r e  

n e g a t iv e ly  c o r r e la te d  an d  h en c e  is s ign ifican t a t 

th e  0 .05  le v e l.

C o n c lu s io n

A  sta tis tica l ana lysis  o f  w a te r  q u a lity  p a ra m eters  

w ith  sp ec ia l r e fe r e n c e  to  lea d , iro n , flu o r id e , and  

a rsen ic  in  th e  te a  ga rd en  b e lt  o f  D a rra n g  d is

tr ic t, A s sa m , In d ia  has b e e n  ca rr ied  ou t. D i f fe r e n t  

s ta tis tica l e s tim a tion s , v iz . m ean , m o d e , m ed ian , 

v a r ia n ce , skew n ess , an d  ku rtos is , p e r fo rm e d  fo r  

ea ch  p a ra m e te r  in d ica te  th a t th e ir  d is tr ib u tio n  in  

th e  stu dy a rea  is w id e ly  o f f  n o rm a l w ith  a lo n g  

a sym m etr ic  ta il e ith e r  o n  th e  r igh t o r  le f t  s ide  

o f  th e  m ed ian . T h e  w id th  o f  th e  th ird  q u a r t ile  

w as  con s is ten tly  fo u n d  to  b e  m o re  than  th e  s ec 

o n d  q u a r t ile  fo r  e a ch  p a ra m e te r . W id e  d a ta  ra n ge  

in  ca se  o f  a rsen ic  in d ica tes  th e  p re s en ce  o f  e x 

tr e m e  va lu es  in  th e  fo rm  o f  ou tlie rs . A l l  th e  w a te r  

sa m p les  a n a ly ze d  in  th e  p re s en t in v e s t ig a t io n  a re  

co n ta m in a ted  w ith  le a d , w h ich  n eed s  im m e d ia te  

a t te n t io n  fo r  fu tu re  p ro te c t io n  o f  w a te r  in  th e  

a rea . T h e  su p p ly  o f  p u re  an d  s a fe  w a te r  is in 

a d e q u a te  in  th e  s tu d y  a rea  a n d  w as  a lm o s t  n o n 

ex is ten t  in  th e  ru ra l a rea s  a ro u n d  th e  te a  ga rd en s  

o f  D a r r a n g  d is tr ic t, A s sa m . P e o p le  use w a te r  fo r  

d r in k in g  m o s t ly  f r o m  tu b e  w e lls , r in g  w e lls , an d  

s tream s. A s  a  resu lt, sca rc ity  as w e l l  as ch em ica l 

co n ta m in a t io n  o f  w a te r  a ffe c ts  a  la rg e  n u m b er  o f  

p e o p le .  B a se d  o n  th e  s tu dy , it  is c o n c lu d e d  th a t 

th e  in tr in s ic  d r in k in g  w a te r  q u a lity  in  th e  a rea  is 

n o t  en co u ra g in g . T h u s , su ita b le  p r o te c t iv e  m e a 

sures fo r  d r in k in g  w a te r  so u rces  in  th e  a rea  a r e  

r e co m m en d ed .
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ABSTRACT

A study on soluble salt contents with reference to pH, EC, Cl', SO,2", Ca and Mg in the soils of 
tea garden belt of Darrang district, Assam has been presented in this communication. A total of twenty 
soil samples collected from inside and outskirts of five selected tea gardens have been analysed and 
studied separately. The implications presented in this paper are based on statistical analyses of the raw 
data. Normal distribution analysis (NDA) and reliability analysis (Correlation Matrix) are employed to 
find out the distribution pattern and other related information. Differences between mean and median in 
each case, high standard deviation, significant kurtosis and skewness indicate that the soluble salts in the 
soils of the study area exhibit unsymmetrical distribution with a long asymmetric tail, extending either 
towards higher or lower values with respect to the median. The study reveals the potential risk of soil 
nutrient imbalance in the area.

Key w ords: Soil quality, NDA, Quartile, Correlation, Skewness, Kurtosis.

INTRODUCTION

The need for soil quality monitoring at a global level grows and increases 
exponentially as land use intensifies. Two methods for interpreting soil test results are 
generally practised by most public soil test laboratories for making fertilizer and lime 
recommendations. Eckert (1987) referred to them as the “Sufficiency Level” (SL) and 
“Basic Cation Saturation Ratio” (BCSR) concepts'. The BCSR method was first endorsed 
in a series o f publications based on research in New Jersey2-5. A study on soluble salt

* Author for correspondence; E-mail: kkb08@redifimail.com, Phone No. +91(9435535055), 
bhabajitb@rediflmail.com; Phone No. +91(9435084627); +91(03752)267240; +9J(03752)232234(Fax); 
hp_sarma@sify.com; Phone No. +91(9864045328); +91(0361)2672438;
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contents in the soils of tea garden belt of Darrang district, Assam has been presented in this 
communication. The term soluble salts refer to the inorganic soil constituents that are 
dissolved in the soil water. Measurement of soil electrical conductivity gives an indication 
of the total concentration of soluble salts in the soil. The soluble salts found in soil 
predominantly consist of calcium, magnesium, sodium, chloride and sulphate. 
Exchangeable calcium and magnesium is the amount of cation exchange sites occupied by 
calcium and magnesium ions in die cation exchange complex relative to their valency. The 
ratio of exchangeable calcium to exchangeable magnesium may affect plant growth. 
Cumming and Elliott (1991) indicate that ratios between 5 : l and 1 : 1 are desirable6. 
Sulphate anion is the primary form of sulphur adsorbed by plants and mostly exists in the 
subsoil. It is easily absorbed by clay and adsorption increases with pH7. Chloride ion in soil 
can supply chlorine to the plants. Although chlorine has been identified as an essential 
micronutrient element since 1954®, there has been little focus on its soil determination for 
deficiency. Recent studies have indicated that soil chlorine level is a factor influencing the 
probability of obtaining a yield response to chlorine9. Thus, monitoring of soluble salt 
levels in the soil can be very useful for determining the suitability of a new planting site.

The implications presented in this paper are based on statistical analyses of the raw 
data. Normal distribution analysis (NDA) and reliability analysis (Correlation Matrix) are 
used for interpretation of data. Correlation between different parameters in specific 
environmental conditions has been shown to be useful when such correlation exists and 
determination of few parameters would be sufficient to give some idea about the quality of 
the soil in the area. The primary objective of this study is to present a statistically 
meaningful soil quality database of the region.

Study area

The study area Darrang district is situated in the eastern parts of India on the 
northeast comer of Assam. Located on the bank of mighty river Brahmaputra, the district is 
largely plain. The district lies between 26°25/ and 26°55/ northern latitude and 91°45/ and 
9I°20/ east longitude (approximately). The district covers an area of 3, 465.30 sq. km and 
falls in the sub-tropical climatic region and enjoys monsoon type of climate. There are 
twenty eight major tea gardens in the district (Fig. 1).

Sampling information

Twenty soil samples were collected in and around the five selected tea gardens by 
adopting lottery method during January to June, 2008, where no appropriate chemical 
testing of soils are done on a regular basis (Table 1).
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Table 1 : Soil sampling locations

Name of the tea garden Sample No. 
(Inside)

Sample No. 
(Outside)

Number of 
samples

Tangoni A1-A2 A11-A12 04

Paneri BI-B2 B11-B12 04

Dimakusi C1-C2 C11-C12 04

Corramore D1-D2 D11-DI2 04

Ghagrapara EI-E2 E11-EI2 04

Fig. 1 : Distribution of tea gardens in Darrang district

EXPERIMENTAL

Materials and methodology

Soil samples were collected by adopting simple random sampling technique by 
maintaining a distance of about 50 meters between two samples. Soil samples were 
prepared by collecting small portions of surface soil. A “V” shaped cut of 0 to 6-inch 
depth at random locations was made in each sampling site and one inch of soil on either
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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 (38°C) for 12 hours. 
The air-dried sample is crushed by hand using a pestle and mortar and analyzed for pH, 
electrical conductivity (EC), exchangeable Ca, Mg, sulphate and chloride by selecting 
standard procedures which, in our experience, are appropriate for soils of the study area10.

Statistical analysis

Sample data were subjected to statistical treatment using normal or Gaussian 
distribution statistic and correlation analysis. Some more statistical estimates derived from 
the normal distribution were also made in the present study for analyzing soil quality data 
and have been shown below:

Sample variance (r2): Sample variance is given as the square of the standard 
deviation (r).

Kurtosis: Kurtosis is an indicator of the relative sharpness or flatness of the peak 
compared to normal distribution. Positive kurtosis indicates a sharp distribution while 
negative kurtosis indicates a flat one.

Skewness: It is a measure of the asymmetry of distribution. The normal
distribution is symmetric and has a skewness value of zero. A distribution with a 
significant positive skewness has a long right tail. A distribution with a significant negative 
skewness has a long left tail. As a rough guide, a skewness value more than twice its 
standard error is taken to indicate a departure from symmetry.

Percentile (P|): Percentile at 25%, 50%, 75% were calculated. Pi at 25% is called 
first quartile, at 50% second quartile and at 75% third quartile. Pi is also known as the 
cumulative probability function, which lies in the range 0< Pi < 1 for i =1,..., n.

RESULTS AND DISCUSSION

To look into the trend and distribution patterns of soluble salts in the soils of tea 
garden belt of Darrang district, conventional descriptive statistics based on normal 
distribution and correlation analysis have been presented in Tables 2, 3, 4 and 5 with 
regard to pH, EC, Cl~, SO /-, Ca and Mg.
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Table 4  : Correlation matrix for soil quality parameters inside tea gardens

pH EC c r S O / Ca Mg

pH 1

EC 0.022 1

c r -0.1792 -0.3752 l

s o / 0.164 -0.0841 0.6524 1

Ca 0.0284 -0.5156 -0.0514 -0.3894 1

Mg -0.197 -0.1227 -0.1571 -0.1812 0.5482 1

TableS: Correlation matrix for soil quality parameters outside tea gardens

pH EC c r SO/ Ca Mg

pH 1

EC 0.3448 1

c r 0.3541 0.6577 l

so / 0.5322 0.4129 0.5731 l

Ca 0.2895 0.0169 0.09 0.5213 l

Mg 0.3609 -0.2286 -0.3462 0.4316 0.6287 1

pH and electrical Conductivity (E C ):

Soil pH is a good indicator for possible nutrient problems. Problem acid soils have 
a pH of less than 5.6 and usually below pH 5.0. Soils in the range 5.6 to 6.0 are moderately 
acidic and below 5.5 are strongly acidic in nature11. Significant negative skewness and 
kurtosis value for pH inside tea gardens indicates a flat distribution with a long tail on the 
left of the median. However, the distribution pattern of pH outside the tea gardens is sharp 
with a long right tail. The soil in the area was found to be significantly acidic in nature
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with a mean value of 4.59 inside the tea gardens. The factors like constant addition of 
chemicals to the soil along with excessive rainfall results in severe acidity build up in the 
soil system and affect the nutrient uptake of the tea plantation. Since soil is biodynamic, 
variation of soil pH in the study area may either result in non availability of nutrients in the 
available form to the plant or excessive availability of a particular nutrient, resulting in 
unbalanced growth of the plant or starvation of a particular nutrient.

It has also been noticed that EC of our study area has potential to cause specific ion 
toxicity or upset the nutritional balance in soil. The width of the third quartile is greater 
than even twice the second quartile inside as well as outside soil samples, which for a 
symmetric distribution should be equal. The width of quartiles for EC in the study zone 
represents a long asymmetric tail.

Calcium and magnesium (Ca and M g);

Ca and Mg are classified as secondary nutrients. They are secondary only in the 
probability of deficiencies and are taken up by plants in quantities similar to phosphorus. 
We have measured the amounts of exchangeable Ca and Mg since this is the plant 
available form. Calcium and magnesium deficiency symptoms can be rather vague since 
the situation often is accompanied by a low soil pH, The high acidity of soils limits the 
availability of Ca and Mg to the plant, which is evident from the plot of Ca/Mg ratio in the 
study area (Fig. 2) and also from the chemical rating chart (Table 6)12.

Table 6. Ranking for laboratory exchangeable cation test results12

Test Name Unit Very
low Low Moderate High Very

high

Exchangeable
calcium meq/lOOg <2 2-5 5-10 10-20 >20

Exchangeable
magnesium meq/lOOg <0.3 0.3-1 1-3 3-8 >8

Calcium / 
Magnesium ratio

<1
(Ca
def.)

1-4
(Ca
low)

4-6
(Balanced)

6-10
(Mg
low)

>10
(Mg
def.)
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Sampling stations

Fig. 2 : Distribution of Ca/Mg ratio in the tea garden belt of Darrang district

It is also observed that Ca and Mg share a significant correlation with pH at the 
0.05 level in the study area. The distributions for both appear to be asymmetric and flat 
with the common feature of third quartile being wider than the second and negative 
Icurtosis values.

Chloride and sulphate (C r, S 0 42 ) :

From NDA, it is apparent that the distributions of SO42” and CI~ are not normal as 
is evident from the differences between mean and median values. The data range is also 
large for SO42- and CT in the area. Kurtosis and skewness in each set of samples is also 
indicative of the asymmetric nature of the distributions. The distributions of CT, S042- in 
the area are represented in Fig. 3 and 4.
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CONCLUSION

A concise statistical analysis of soluble salt contents in soils of tea garden belt of 
Darrang district, Assam has been carried out with special reference to pH, EC, Cl , S042-, 
exchangeable Ca and Mg. The width of the third quartile was consistently found to be 
more than the second quartile for each parameter. Differences between mean and median 
in each case, high standard deviation, significant kurtosis and skewness indicate that the 
soluble ions in the soils of the study area exhibit unsymmetrica! distribution with a long 
asymmetric tail extending either towards higher or lower values with respect to the median. 
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 statistics. It is, therefore, 
concluded that the distribution pattern of the studied parameters in the study area is widely 
off normal.
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Abstract: A study has been carried out on heavy metal contamination of
groundwater with respect to cadmium, manganese, zinc and copper in the tea 
garden belt of Darrang district. Assam. India. Heavy metals in groundwater arc 
estimated by using Atomic Absorption Spectrometer, Perkin Elmer AA 2(K). 
Univariate statistics along with skewness, kurtosis and 7’ test have been 
employed to test the distribution normality for each metal. The study reveals that 
the groundwater of the area is highly contaminated with cadmium. A good 
number of samples are also found to contain manganese at an alert level. The 
concentrations of copper and zinc in the groundwater of the area are within the 
guideline values of WHO. Statistical results show that all the metals under study 
exhibit an asymmetric distribution in the area with a long asymmetric tail on the 
right of the median. Keeping in view of the high concentrations of cadmium and 
manganese, it is suggested to test the potability of groundwater of the area before 
using it for drinking.

Keywords: Cadmium. Manganese, Skewness, Kurtosis and t-Test.

Introduction
Heavy metal contamination of groundwater more often than not goes unnoticed and remains 
hidden from the public view. Presently, it has raised wide spread concerns in different parts 
of the world and results reported by various agencies have been alarming1 2. There is also 
evidence of prevailing heavy metal contamination of groundwater in many areas of India"
Cadmium is today regarded as the most serious contaminant of the modem age. Copper is 
classified as a priority pollutant because of its adverse health effects. Manganese is most 
often a concern for systems that use a groundwater source. Zinc is an essential element and is
generally considered to be non-toxic below 5.0 mg/L. Thus, the monitoring of groundwater
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quality has been universally recognized as the quality of ground water cannot be restored 
once it is contaminated, by stopping the flow of pollutants from the source. The elevated 
metal level in groundwater is a new public concern in Assam. But unfortunately, very few 
data on heavy metal contamination of groundwater are available in Assam. The need is for a 
more systematic and careful study eliminating all possible sources of error and to build up a 
reliable database. Groundwater ccontamination of metals with respect to cadmium, 
manganese, zinc and copper in the tea garden belt of Darrang district, Assam has been 
presented in this study.

Profile of the study area
The study area Darrang district is situated in the eastern parts of India on the northeast 
comer of Assam. Located on the bank of mighty river Brahmaputra, the district is largely 
plain. The district lies between 26°25/ and 26°55; northern latitude and 91°45' and 91°20/ 
eastern longitude Figure 1.

Figure 1- Sketch map o f Darrang district showing its location.

Sampling information
For the present study, twenty eight water samples were collected inside as well as outside 
five tea gardens of Darrang district during June to November, 2008 (Table 1).
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T able 1. Water sampling locations and sources.

S. No. Sampling stations______ Source S.No.______Sampling stations________Source
A1 Inside Tangoni Tea Garden Tubewell B1 Outside Tangoni Tea Garden Tubewell
A2 Inside Tangoni Tea Garden Tubewell B2 Outside Tangoni Tea Garden Tubewell
A3 Inside Tangoni Tea Garden Tubewell B3 Outside Paneri Tea Garden Tubewell
A4 Inside Paneri Tea Garden Tubewell B4 Outside Paneri Tea Garden Ringwell
A5 Inside Paneri Tea Garden Tubewell B5 Outside Dimakusi Tea Garden Tubewell
A6 Inside Paneri Tea Garden Tubewell B6 Outside Dimakusi Tea Garden Tubewell

A7 Inside Dimakusi Tea Garden Tubewell B7 ^ uts'c*e (Ghagrapara) Ringwll
Corramore tea garden °

A8 Inside Dimakusi tea garden Ringwell B8 ®uts‘̂ e ( Ghagrapara) Ringwell
^  b  Corramore tea garden

A9 ^ ^ (G h a g r a p a r a  division) j^jngWejj 39  Outside Corramore Tea Garden Ringwell 
Corramore tea garden

A10 (Ghagraparadivlsion) pj|ngWejj B 10  Outside Corramore Tea Garden Ringwell
Corramore tea garden °  b

A ll  Inside Corramore tea garden Stream B l l  Outside Singrimari Tea garden Ringwell
A12 Inside Corramore Tea Garden Stream B12 Outside Tangoni Tea Garden Ringwell
A13 Inside Singrimari Tea Garden Tubewell B13 Outside Paneri Tea Garden Tubewell
A14 Inside Singrimari Tea Garden Tubewell B 14 Outside Dimakusi Tea garden Ringwell

Experimental
Separate water samples were selected by random selection and compiled together in clean and sterile 
one litre polythene cans rinsed with dilute HC1 to set a representative sample and stored in an ice box. 
Samples were protected from direct sun light during transportation to the laboratory and metals were 
analyzed as per the standard procedures6. All the metals were estimated by using Atomic Absorption 
Spectrometer (Perkin Elmer AA 200). The instrument was used in the limit of precised accuracy 
and chemicals used were o f analytical grade. Doubly-distilled water was used for all purposes.

Data analysis
Univariate statistics were used to test distribution normality for each metal. The confidence 
interval was calculated at 0.05 level. r-Test is done under null hypothesis (Ho) by taking the 
assumption dial the experimental data are consistent with the mean rating given by WHO7. 
Simple correlation analysis was used to relate the metal concentrations among themselves. 
Moment coefficients o f skewness and kurtosis were calculated to express how the shapes of 
sample frequency distribution curves differ from ideal Gaussian (normal). Skewness was 
calculated as third moment o f the population mean. In asymmetrical distributions, skewness can 
be positive or negative. Kurtosis was calculated as fourth moment o f the population to describe the 
heaviness of the tails for a distribution. Some more statistical estimates derived from the normal 
distribution in the form of sample variance, Is1, 2nd, 3rd Quartile, Inter Quartile Range (IQR) were 
also made in the present study to find out the distribution pattern of the data and other related 
information Details o f these may be found in standard bools on statistics and software packages8.

Results and Discussion
The results o f analysis o f various metals in groundwater samples o f the tea garden belt of 
Darrang district, Assam are given in Table 2. To get an idea about the distribution pattern o f 
the metal contents in groundwater inside and outside the tea gardens separately, data are 
graphically represented in Figure 2 and 3 respectively. To look into the trend and 
distribution patterns o f  cadmium, manganese, zinc and copper in groundwater o f the study
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Sampling stations
Variation of metal contents of groundwater inside the tea gardens.

area, data obtained from 28 sampling stations were exposed to several statistical treatments 
as discussed briefly in the methodology section. A conventional descriptive statistics based 
on normal distribution has been shown in Table 3.

Table 2. Metal contents of groundwater in the tea garden belt of Darrang district.
S. No. Cu, ppm Mn, ppm Cd, ppm Zn, ppm

Al 0.147 BDL 0.102 0.011A2 0.089 BDL 0.112 0.027
A3 0.067 BDL 0.098 0.553
A4 0.032 0.026 0.016 0.172
A5 0.021 0.065 0.086 0.066
A6 0.043 BDL 0.023 0.012
A7 0.001 BDL 0.154 0.236
A8 0.011 0.002 BDL 0.346
A9 0.012 BDL 0.272 0.308
A10 0.083 0,001 0.154 0.177
All 0.017 BDL 0.015 0.402
A12 0.018 BDL BDL 0.064
A13 0.039 0.028 0.051 0.067
A14 0.037 0.041 0.079 0.321
B1 0.081 3.440 BDL 0.418
B2 0.098 0.600 BDL 0.541
B3 0.005 BDL BDL 0.022
B4 0.009 BDL 0.015 0.321
B5 0.004 BDL 0.198 0.195
B6 0.001 0.003 0.169 0.231
B7 0.047 BDL 0.081 0.355
B8 0.055 BDL 0.110 1.493
B9 0.027 BDL 0.146 0.541
BIO 0.021 BDL 0.102 0.413
B1J 0.033 0.0045 0.001 0.211
B12 0.005 0.107 BDL 0.511
B13 0.007 0.085 BDL 0.481
B14 0.062 BDL 0.093 0.472

BDL- Below Detection Limit
C o p p e r  - a - K h t a a m r e  - a - Z I t t
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Figure 3. Variation of metal contents of groundwater outside the tea gardens.

Table 3. Descriptive statistics of the metal contents of groundwater in the study area.
Statistics Cu Mn Cd Zn

Mean 0.038 0.157 0.074 0.320
Standard Error 0.007 0.123 0.014 0.055
Median 0.030 0.000 0.080 0.315
Range 0.150 3.440 0.270 1.400
Standard Deviation 0.036 0.653 0.073 0.291
Variance 0.001 0.427 0.005 0.085
Skewness 1.298 5.058 0.822 2.420
Kurtosis 1.648 26.127 0.277 9.230
Is1 Quartile 0.010 0.000 0.000 0.093
2nd Quartile 0.030 0.000 0.080 0.315
3rd Quartile 1 0.060 0.028 0.112 0.459
IQR 0.044 0.026 0.109 0.246
WHO Rating, in ppm 2.000 0.400 0.003 5.000 (US Limit)
t-test value 289.774 1.949 5.154 85.134
Comment, 0.05 level Significant Non significant Significant Significant
95% CL [0.024-0.052] [0.001-0.412] [0.046-0.103] [0.207-0.433]
No of Samples 28 28 28 28

Pearson’s correlation coefficient matrix is presented in Table 4 to measure the linear 
association among different metals under study. Since the directions of association of the 
measured variables are unknown in advance, two-tailed test of significance was carried out.

Table 4. Correlation table.
Cu Mn Cd Zn

„  1.0000Fe
Mn 0.2770 1.0000
Cd -0.0068 -0.2445 1.0000
Zn 0.0184 0.0925 0.0431 1.0000
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In most of the samples under investigation, the cadmium contents were much above the 
guideline value of 0.003 ppm as set by WHO7. Cadmium above the permissible limit can 
potentially cause nausea, vomiting, diarrhea, muscle cramps, salivation, sensory 
disturbances, liver injury, convulsions, shock and renal failure along with kidney, liver, bone 
and blood damage from a lifetime exposure. Differences between mean and median, 
significant positive skewness and kurtosis value indicate that the distribution of cadmium m 
the study area is highly asymmetric. This is also evident from the width of the third quartile, 
which is much greater than the first and second quartile. The cadmium contamination of 
groundwater in the area should be accorded maximum attention.

Manganese at concentrations above 0.15 ppm stains plumbing fixtures and laundry 
and produces undesirable taste in drinks. The WHO limit for manganese in drinking water 
is 0.05 ppm7. It is observed that as many as seven samples under observation contain 
manganese either at toxic or alert level. Thus, manganese contamination of groundwater 
in the area needs proper attention. A broad third quartile and positive skewness in case of 
manganese represents a long asymmetric tail on the right of the median. Heaviness of the 
tail for manganese distribution in the area is evident from very high positive kurtosis 
value.

The permissible limit for copper in drinking water is 2.0 mg/L7. This was set to 
ensure the water tastes good and to minimize staining of laundry and plumbing fixtures. 
The distribution of copper in groundwater of the study area is found to be within the 
permissible limit of WHO7 with an average of 0.038 ppm. Asymmetric nature of copper 
distribution is also apparent from the normal distribution statistics with positive skewness 
and kurtosis values.

Although the groundwater of the study area are by and large safe with regard to zinc as 
may be seen from Table 2, its distribution is still not uniform in the area. Wide data range 
and high standard deviation in case of zinc is likely to bias the normal distribution statistic. 
This observation is supported by positive kurtosis and skewness value, which point towards 
sharp zinc distribution with a long right tail in the study area.

From the correlation of the studied metals as shown in Table 3, significant correlation 
was found among cadmium, copper and manganese. Cadmium shares a clear negative 
correlation with manganese and copper content at the 0.05 level in the area.

Conclusions
Statistical observations on Cd, Mn, Cu and Zn in groundwater of teagarden belt of 
Darrang district, Assam show that all these metals exhibit an asymmetric distribution with 
a long asymmetric tail on the right of the median. It is observed that the groundwater of 
the area is contaminated with cadmium. A sizeable number of groundwater samples 
contain manganese at an alert level. The concentrations of copper and zinc in the 
groundwater of the area are either low or moderate and within the guideline values of 
WHO. Keeping in view of the unusually high concentrations of the harmful metals, viz. 
cadmium and manganese, it is advisable to test the potability of groundwater of the area 
before using it for drinking.
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ABSTRACT

The present research has been carried out to study some of the water quality parameters in and 
around the selected tea gardens of Darrang district, Assam. Sixteen water samples are analysed by 
adopting standard analytical techniques of APHA. In this study, the tools used for data analysis are 
mainly experimental, aimed at defining possible relationships, trends, or interactions among the 
measured variables of interest. Descriptive statistics in the forms of mean, variance, standard deviation, 
standard error, median, range of variation mid percentile at 95%, 75% and 25% are computed for eight 
water quality parameters, t-test is done under null hypothesis (Ho) by taking the assumption that die 
experimental data are consistent with the mean rating given by W.H.O. One-way ANOVA and 
confidential limit at 95% is also calculated by using ORIGIN 6.1 version. It is found that the inherent 
quality of waters in the tea garden belt of Darrang district, Assam is low and a suitable socio-economic 
and policy environment to maintain and improve water quality is also required.

Key words: pH, ANOVA, Sulphate, Phosphate, Nitrate, Water quality, Tea garden belt

INTRODUCTION

Water is the most precious gift o f  the nature. It is indispensable for sustenance of 

life and is one o f  most important component which influences economic, agricultural and 
industrial growth o f  mankind. The effect o f  water on almost everything in our environment 
is far more significant than might be imagined. There is growing shortage o f  usable water 

resources and it is going to be one o f  the major issues o f  the twenty first century. Human

* Author for correspondence; (Mobile) 098640-45328, (Phone) 0361-2672438



frit. X. Chem. Sci.: 6(4), 2008 1943

use o f fresh water has registered a 35 fold increase in the last 300 years. As a whole, 3500 
km3 o f  fresh water was withdrawn from different sources throughout the world for human 
use every year1. Pollution o f fresh water occurs due to three major reasons- excess 
nutrients from sewage, wastes from industries, mining and agriculture2. W.H.O has given a 
set o f guideline values for drinking water quality3. These guideline values, along with 
tolerance limits prescribed by the Indian Standard Institute (ISI)4 and EPA standards of 
USA are also important in determining water quality5. Every effort should be made to 
achieve a drinking-water quality as safe as practicable.

It is observed that the tea garden belt in Assam has lately been subjected to large- 
scale human interference and pollution o f water is rising at alarming rates due to the use of 
huge amount o f  agrochemicals for better production which contaminates ground water 
through percolation and rivers and other water bodies through surface run-off6. The loss of 
quality is causing health hazards mid death o f  human which disturbs the whole ecology 
system o f  this region. The present research has been undertaken to study some o f the water 
quality parameters in and around the selected tea gardens o f Darrang district, Assam.

Study area

The study area Darrang district is situated in the eastern parts o f India on the 
northeast comer o f Assam.

Fig. 1: Distribution of tea gardens in Darrang district
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L o c a t e d  o n  t h e  b a n k  o f  m i g h t y  r i v e r  B r a h m a p u t r a ,  t h e  d i s t r i c t  i s  l a r g e l y  p l a i n .  T h e  

d i s t r i c t  l i e s  b e t w e e n  2 6 ° 2 5 /  a n d  2 6 ° 5 5 /  n o r t h e r n  l a t i t u d e  a n d  9 1 ° 4 5 ;  a n d  9 1 ° 2 0 /  e a s t  

l o n g i t u d e  ( a p p r o x i m a t e l y ) .  T h e  d i s t r i c t  c o v e r s  a n  a r e a  o f  3 , 4 6 5 . 3 0  s q .  k m  a n d  f a l l s  i n  t h e  

s u b - t r o p i c a l  c l i m a t i c  r e g i o n ,  a n d  e n j o y s  m o n s o o n  t y p e  o f  c l i m a t e .  T h e r e  a r e  t w e n t y  e i g h t  

t e a  g a r d e n s  a p a r t  f r o m  t w e n t y  p r i v a t e l y  o w n e d  t e a  g a r d e n s  i n  t h e  d i s t r i c t  ( F i g .  1 ) .

EXPERIMENTAL
Materials and methodology

S e p a r a t e  w a t e r  s a m p l e s  w e r e  s e l e c t e d  b y  r a n d o m  s e l e c t i o n  a n d  c o m p i l e d  t o g e t h e r  

i n  p l a s t i c  b o t t l e s  t o  s e t  a  r e p r e s e n t a t i v e  s a m p l e .  p H  a n d  c o n d u c t i v i t y  w e r e  d e t e r m i n e d  

q u i c k l y  a f t e r  s a m p l i n g .  S a m p l e s  w e r e  p r o t e c t e d  f r o m  d i r e c t  s u n  l i g h t  d u r i n g  t r a n s p o r t a t i o n .  

T h e  p a r a m e t e r s  s t u d i e d  a r e  p H ,  c o n d u c t i v i t y ,  c h l o r i d e  ( C l  ) ,  s u l p h a t e  ( S 0 4 2" ) ,  

n i t r a t e  (NO3-), p h o s p h a t e  (PO43-), f l u o r i d e  ( F ~ )  a n d  i r o n  ( F e ) .  S t a n d a r d  a n a l y t i c a l  

t e c h n i q u e s  w e r e  a d o p t e d  f o r  p h y s i c o - c h e m i c a l  a n a l y s i s  o f  w a t e r  s a m p l e s 7 . T h e  i n s t r u m e n t s  

w e r e  u s e d  i n  t h e  l i m i t  o f  p r e c i s e d  a c c u r a c y  a n d  c h e m i c a l s  u s e d  w e r e  o f  a n a l y t i c a l  g r a d e .

I n  t h i s  s t u d y ,  t h e  t o o l s  u s e d  f o r  d a t a  a n a l y s i s  a r e  m a i n l y  e x p e r i m e n t a l ,  a i m e d  a t  

d e f i n i n g  p o s s i b l e  r e l a t i o n s h i p s ,  t r e n d s ,  o r  i n t e r a c t i o n s  a m o n g  d i e  m e a s u r e d  v a r i a b l e s  o f  

i n t e r e s t .  T h e  o b s e r v e d  p a r a m e t e r s  a r e  r e l a t e d  g r a p h i c a l l y  ( F i g s ,  2 - 9 ) .  D e s c r i p t i v e  s t a t i s t i c s  

i n  t h e  f o r m s  o f  m e a n ,  v a r i a n c e  ( V ) ,  s t a n d a r d  d e v i a t i o n  ( S D ) ,  s t a n d a r d  e r r o r  ( S E ) ,  m e d i a n ,  

r a n g e  o f  v a r i a t i o n ,  a n d  p e r c e n t i l e  a t  9 5 % ,  7 5 %  a n d  2 5 %  ( P 9 5 % ,  P 7 5 % ,  P 2 5 % )  a r e  

c a l c u l a t e d  a n d  s u m m a r i z e d  i n  t a b u l a r  f o r m s  ( T a b l e s  2 - 9 ) .  t - t e s t  i s  d o n e  u n d e r  n u l l  

h y p o t h e s i s  ( H o )  b y  t a k i n g  t h e  a s s u m p t i o n  t h a t  t h e  e x p e r i m e n t a l  c h e m i c a l  w a t e r  q u a l i t y  d a t a  

a r e  c o n s i s t e n t  w i t h  t h e  m e a n  r a t i n g  g i v e n  b y  W . H . O  ( 2 0 0 4 ) .  T h e  c a l c u l a t e d  v a l u e  o f  t  i s  

c o m p a r e d  w i t h  t a b u l a t e d  v a l u e  a t  5 %  l e v e l  o f  c o n f i d e n c e .  C o n f i d e n t i a l  l i m i t  ( C L  9 5 % )  a t  

9 5 %  i s  a l s o  c o m p u t e d  b y  a d o p t i n g  s t a n d a r d  s t a t i s t i c a l  e q u a t i o n s .  S t a t i s t i c a l  a n a l y s i s  a l o n g  

w i t h  o n e - w a y  A N O V A  i s  c a r r i e d  o u t  u s i n g  O R I G I N  6 . 1  v e r s i o n .

Sampling information
W a t e r  s a m p l e s  w e r e  c o l l e c t e d  i n  a n d  a r o u n d  f o u r  s e l e c t e d  t e a  g a r d e n s  o f  D a r r a n g  

d i s t r i c t  d u r i n g  J u n e  t o  N o v e m b e r ,  2 0 0 7  ( T a b l e  1 ) .
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Table 1. Water sampling locations

Sample
No Source Place Sample

No. Source Place

A1 Tube Well
Tea Garden 
(Tangoni)

Cl Tube
Well

Tea Garden 
(Dimakusi)

A2 Ring Well
Tea Garden 
(Tangoni)

C2
Supply
Water

Tea Garden 
(Dimakusi)

Outside Tea
Tube
Well

Outside Tea
A3 Tube Well Garden C3 Garden

(Tangoni) (Dimakusi)

Outside Tea
Ring
Weil

Outside Tea
A4 Ring Well Garden C4 Garden

(Tangoni) (Dimakusi)

Bi Tube Well
Tea Garden 

(Paneri)
Dl Tube

Well
Tea Garden 
(Bhulabari)

B2
Supply Tea Garden

D2 Ring Tea Garden
Water (Paneri) Well (Bhulabari)

Outside Tea
Tube
Well

Outside Tea
B3 Tube Well Garden D3 Garden

(Paneri) (Bhulabari)

•Outside Tea
Ring
Well

Outside Tea
B4 Ring Well Garden D4 Garden

(Paneri) (Bhulabari)

RESULTS AND DISCUSSION

Table 2: Water test values for pH

Location A B C D
1 7.39 6.92 6.61 6.40
2 7.51 6,91 6.60 6.38

Cont...



1 9 4 6  ' K. K. Borah et a l:  Water Quality Issues....

Location A B C D
3 7.20 6.39 6.49 6.91
4 6.80 6.53 6.52 6.72

Statistical analysis
Median 7.2 6.53 6,52 6.4
Mean 7.22 6.68 6.55 6.60

Variance 0.096 0.072 0.0035 0.066
SD 0.311 0.269 0.0599 0.257
SE 0.155 0.134 0.029 0.129

Range 0.71 0.53 0.12 0.53
WHO Rating 6.5-8.5 6.5-S.5 6.5-8.5 6.S-8.5

t-test 8.206 13.482 65.753 14.739
Comment 

(0.05 level) S S S S
P25% 7.2 6.53 6.52 6.4
P 75% 7.39 6.91 6.6 6.72
P 95% 7.51 6.92 6.61 6.91

95% CL [6.73-7.78] [6.25-7.11] [6.46-6.64] [6.19-7.01]
One-Way ANOVA F = 6.438, p = 0.0076

Comment 
(0.05 level) Means are significantly different

Table 3: Water test values for conductance in mmho/cm
Location A B C D

1 2.6 2.0 2.5 2.4
2 2.4 2.4 2.4 2.2
3 0.6 2.5 3.8 2.3
4 2.2 2.4 3.6 2.1

Cont...
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Location A B C D
Statistical analysis

Median 2.2 2.4 2.5 2.2
Mean 1.95 2,33 3.08 2.25

Variance 0.837 0,049 0.529 0.017
SD 0.915 0.222 0.727 0.129
SE 0.457 o.m 0.364 0.065

Range 2 0.5 1.4 0.3
USPHS Rating 

(mmho/cm) 0.3 0.3 0.3 0.3
t-test 3.608 18.265 7.629 30.209

Comment 
(0.05 level) S S S S

P 25% 2.2 2.4 2.5 2.2
P 75% 2.4 2.4 3.6 2.3
P 95% 2.6 2.5 3.8 2.4

95% CL [0,49-3.41] [1,97-2.68] [1.92-4.23] [2.04-2.46]
One-Way ANOVA F = 2.556, p = 0.104

Comment 
(0.05 level) Means are not significantly different

Table 4: Water test values for chloride in mg/L
Location A B C D

1 85.2 21.3 22.3 35.5
2 90.9 21.4 22.7 34.0
3 10.0 17.1 25.6 31.2
4 26.0 24.1 25.3 30.4

Cont...
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Location A B C D
Statistical analysis

Median 26 21,3 22.7 31.2
Mean 53.03 20.98 23.98 32.78

Variance 1683.75 8.356 2.943 5.683
SD 41.034 2.891 1.715 2.384
SE 20.517 1.445 0.858 1.192

Range 80.9 7 3,3 5.1
WHO Rating 

(mg/L) 250 250 250 250
t-test 9,601 158.459 263.529 182.251

Comment 
(0.05 level) S S S S

P 25% 26 21.3 22.7 31.2
P 75% 85.2 21.4 25.3 34
P 95% 90.9 24.1 25.6 35.5

95% CL [0-118.3] [16.38-25.57] [21.25-26.70] [28.98-36.57]
One-Way
ANOVA F= 1.965, p = 0.173
Comment 

(0.05 level) Means are not significantly different

Table 5: Water test values for sulphate in mg/L
Location A B C D

1 4.9 0.7 1.3 23.6
2 2,5 0,8 1.3 21.1
3 22.0 2.1 11.1 20.2

Cont...
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Location A B C D
4 68.0 0.6 10.2 19.9

Statistical analysis
Median 4.9 0.7 1.3 20.2
Mean 24.35 1.05 5.98 21.2

Variance 922.19 0.497 29,275 2.820
SD 30.368 0.705 5.411 1.679
SE 15.184 0.352 2.705 0.839

Range 65.5 1.5 9.8 3.7
WHO Rating 

(mg/L) 250 250 250 250
t-test 14.861 706.495 90.201 272.497

Comment 
(0.05 level) S S S S

P 25% 4.9 0,7 1,3 20.2
P 75% 22 0.8 10.2 21.1
P 95% 68 2.1 11.1 23.6

95% CL [0-72.67] [0.07-2.17] [0-14.84] [18.53-23.87]
One-Way
ANOVA F = 2.168, p = 0.145
Comment 

(0.05 level) Means are not significantly different

Table 6: Water test values for nitrate in mg/L
Location A B C D

1 0.03 0.5 0.3 0.8
2 0.02 0.9 0.2 0.9
3 0.05 0.4 0.1 0.7

Cont...



1 9 5 0  K. K. Borah e ta i .  Water Quality Issues....

Location A B C D
4 0.7 0.3 0.06 0.8

Statistical analysis
Median 0.03 0.4 0.1 0.8
Mean 0.2 0.525 0.165 0.8

Variance 0 . 1 1 1 0.069 0.012 0.007
SD 0.334 0.263 0.108 0.082
SE 0.167 0.132 0.054 0.041

Range 0.68 0.6 0.24 0.2
WHO Rating 

(mg/L) 50 50 50 50
t-test 298.591 376.242 926.745 1205.149

Comment 
(0.05 level) S S S S

P 25% 0.03 0.4 0.1 0.8
P 75% 0.05 0.5 0.2 0.8
P 95% 0.7 0.9 0.3 0.9

95% CL [0-0.73] [0.11-0.94] [0-0.34] [0.67-0.93]
One-Way ANOVA F =7.2168, p = 0.005

Comment 
(0.05 level) Means are significantly different.

Table 7: Water test values for phosphate in mg/L
Location A B C D

1 2.60 0.05 0.71 0.65
2 0.15 0.49 0.02 0.78
3 0.12 0.51 0.52 0.75
4 0.09 0.70 0.48 0.69

Cont...
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Location A B C D
Statistical analysis

Median 0.12 0.49 0.48 0.69
Mean 0.74 0.4375 0.4325 0.7175

Variance 1.538 0.076 0.087 0.003
SD 1.240 0.275 0.292 0.059
SE 0.620 0.138 0.146 0.029

Range 2.51 0.65 0.69 0.13
USPHS Rating 

(mg/L) 0.1 0.1 0.1 0.1
t-test 1.032 2.453 2.272 21.103

Comment (0.05 level) NS NS NS S
P 25% 0.12 0.49 0.48 0.69
P 75% 0.15 0.51 0.52 0.75
P 95% 2.6 0.70 0.71 0.78

95% CL [0- 2.71] [0- 0.88] [0- 0.89] [0.62-0.81]
One-WayANOVA F = 0.271, p= 0.845
Comment 

(0.05 level) Means are not significantly different
Table 8: Water test values for iron in mg/L

Location A B C D
1 0.41 0.28 3.0 3.0
2 0.28 0.31 2.9 3.1
3 0.35 2.9 0.36 3.0
4 0.65 2.9 0.39 3.0

Cont...
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Location A B C D
Statistical analysis

Median 0.35 0.31 0.39 3.0
Mean 0.423 1.598 1.663 3.025

Variance 0.026 2.262 2.212 0.003
SD 0.1607 1.50405 1.48729 0.05
SE 0.080 0.752 0.744 0.025

Range 0.37 2.62 2.64 0.1

WHO Rating 
(mg/L) 0.3 0.3 0.3 0.3
t-test 1.525 1.725 1.832 109

Comment 
(0.05 level) NS NS NS S

P 25% 0.35 0.31 0.39 3.0
P 75% 0.41 2.9 2.9 3.0
P 95% 0.65 2.9 3.0 3.1

95% CL [0.17-0.68] [0-3.99] [0-4.03] [2.94-3.11]
One-Way ANOVA F = 4.024, p = 0.034

Comment 
(0.05 level) Means are significantly different.

Table 9: W ater test values for fluoride in mg/L
Location A B C D

1 0.70 0.61 0.51 0.60
2 0.62 0.58 0.46 0.51
3 0.61 0.58 0.42 0.30
4 0.34 0.45 0.38 0.29

Cont...
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Location A B C D
Statistical analysis

Median 0.61 0.58 0.42 0.3
Mean 0.5675 0.555 0.4425 0.425

Variance 0.025 0.005 0.003 0.024
SD 0.157 0.071 0.056 0.155
SE 0.078 0.036 0.028 0.077

Range 0.36 0.16 0.13 0.31
WHO Rating 

(tng/L) 1.5 1.5 1.5 1.5
t-test 11.885 26.465 38.038 13.907

Comment 
(0.05 level) S S S S

P 25% 0.61 0.58 0.42 0.3
P 75% 0.62 0.58 0.46 0.51
P 95% 0.70 0.61 0.51 0.60

95% CL [0.32-0.81] [0.44-0.67] [0.35-0.53] [0.18-0.67]
One-Way ANOVA F= 1.550, p = 0.253

Comment 
(0.05 level) Means are not significantly different

N.B.: NS = Mon Signifiant, S =: Signifiant
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Fig. 2. Variation of pH among different sampling stations
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Fig. 4. Variation o f chloride among different sampling stations
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Statistical observations

By comparing calculated I t | value with tabulated t at 5% probability level of 
significance, we may either reject or accept our null hypothesis H0. If the value is 
significant then there will be evidence provided by our samples against our Ho. It is clear 
from the Tables 2-9 that proper water management is of urgent concern in the study area. 
The statistical values also show that most of the studied water quality parameters are 
significant implying that the null hypothesis may be rejected. The calculated confidential 
limit will give the range within which the unknown value of the parameter is expected to 
lie.

Environmental observations

In all the sampling stations, the variation of pH is narrow and in general, the pH is 
towards the acidic side except at sampling location No. A l, A2 and A3, where water is 
alkaline. The conductance of water in the study area have values greater than the maximum 
permissible limit (0.3 mmho cm'1) of USPH and indicates that water is markedly polluted 
with its reference.

Chloride, sulphate and nitrate contents above the permissible limits can cause 
serious health problems to the consumer. Their concentrations in water under study are 
within the approved WHO guide line values for safe drinking water and no fixed trend of 
variation among the sampling stations could be ascertained, which may be due to 
precipitation, evaporation, human activity and waste disposal. The phosphate content of 
water needs serious attention as all of the samples except for A4, B1 and C2 exceeded the 
USPH guide line value of 0.1 mg/L.

The iron concentration is highest at source D2 that is 3.1 mg/L and minimum at 
source at A2 that is 0.28 mg/L. The data exceeds the WHO guideline value of 0.3 mg/L in 
most of the cases. The concentration of iron in water in the area is not suitable for food 
processing, dyeing, bleaching and many activities. The values for fluoride in water are 
ranging from 0.29 mg/L to 0.70 mg/L. In the present investigation, the fluoride 
concentrations were found to be within the permissible limit of W.H.O., but in some 
locations, where the fluoride concentration in water is less than 0.7 mg/L may cause dental 
carries.

CONCLUSION

The inherent quality of waters in and around the tea gardens of Darrang district,
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Assam is low and a suitable socio-economic and policy environment to maintain and 
improve water quality is also lacking. It is, therefore, immediately required that the water 
sources be properly protected from potential contaminants, and that appropriate treatment 
be selected for future use of water in the region. Thus, village level - microanalysis of the 
impact of water availability and water quality on the quality of life of people needs to be 
done in the study area.
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Variation of bulk density and organic matter in soils of tea garden 
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Quantitative measures to monitor soil physical properties like bulk density and organic matter 
are more developed now and are still being explored as to how these measures control the 
total pore space and pore size distribution m soil. The present study has been undertaken to 
study the variation of SOM and Pb in and around some selected tea gardens of Darrang 
district, Assam for strengthening regional soil quality database so that purpose-oriented soil 
assessments and predictions can be made in the area. Thirty soil samples were collected from 
the study area and analysed for SOM and Pb as per standard procedures. The study reveals 
SOM and Pb in the area exhibit an unsymmetrical distribution with a long tail either on the 
right or left side of the mean. It is, therefore, important that we value and conserve our soils 
so that they will continue to be useful in the future.

Key Words: Compaction, Bulk density, Soil organic matter, Soil quality.

Introduction

Assessment of soil quality requires the measurement of the present state of the soil and 
judgements about its suitability for use. Soil physical properties like bulk density and organic 
matter control the total pore space and pore size distribution in soil. Bulk density ( P b )  is a 
measure of the mass of particles that are packed into a volume of soil. It is useful in 
estimating, evaluating, and calculating many physical soil properties. The measurement of Pb 
provides a relative value of the porosity and compaction of a soil. Thus, Pb is an important 
soil structure attribute. Saxton et al. estimated generalized bulk densities and soil-water 
characteristics from texture and developed a set of equations from which soil-water 
characteristic equations for a number of soil textural classes can be derived [1]. One of the 
dominating factors changing Pb is the soil's organic matter (SOM) concentration that alters the 
soil's compressibility [2], The term SOM has been used in different ways to describe the 
organic constituents of soil. Baldock and Skjemstad defined the term as "all organic materials

Abstract
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found m soils irrespective of origin or state of decomposition" [3], Adams estimated the 
change in soil bulk density from change in soil organic matter and organic carbon content [4], 
Loss- of organic matter from soil is a cause for concern because organic matter contributes to 
soil quality in many ways. Because of the many useful effects on soil quality, retention of soil 
organic matter is a high priority in sustainable soil management. The benefits of increasing 
soil organic matter include carbon sequestration and an increase in the capacity of the soil to 
store water and nutrients. No previous work to explore the distribution pattern of Pb and SOM 
was found in Darrang district, Assam. Although various chemical parameters of soil quality 
in the tea garden belt of Lakhimpur, Darrang and Sonitpur district of Assam was reported [5, 
6, 7, 8], there is no earlier statistics available for Pb and SOM. Thus, the present study has 
been undertaken to study the variation of SOM and Pb in and around some selected tea 
gardens of Darrang district, Assam in order to strengthen the national and local soil quality 
database so that purpose-oriented soil assessments and predictions can be made in the area.

Materials and Methods

The study area Darrang district is situated in the eastern parts of India on the northeast comer 
of Assam. Located on the bank of mighty river Brahmaputra, the district is largely plain. 
Geographically, the district lies between 26°25' and 26°55/ northern latitude and 91°45/ and 
91°20/ eastern longitude (approximately). The district covers an area of 3,465.30 km2 and 
falls under sub-tropical climatic region, and enjoys monsoon type of climate. Thirty soil 
samples were collected m and around the six selected tea gardens by adopting simple random 
sampling technique by maintaining a distance of about 50 meters between two samples 
during January to June, 2008. Soil sampling locations are presented in Table 1.

Table 1: Soil sampling locations

SI. No. Name of the 
Teagarden

Sample No’s 
(Inside)

Number of 
Samples

Sample No’s 
(Outside)

Number of 
Samples

1 Tangoni A1-A3 03 A11-AI2 02

2 Paneri B1-B3 03 B11-B12 02

3 Dimakusi C1-C3 03 C11-C12 02

4 Corramore D1-D3 03 D11-D12 02

5 Ghagrapara E1-E3 03 E11-E12 02

6 Singrimari F1-F3 03 F11-F12 02

Bulk density was measured by cylindrical core method [9]. Soil organic carbon content in % 
was measured by following the procedure of Nelson and Sommers [10]. % Soil organic 
matter was calculated by using the equation:

% soil organic matter = % organic Carbon x 1.724 [11]
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Results and Discussion
To look into the trend and distribution patterns of Pb and SOM in the soils of tea garden belt 
o f Darrang district, data were exposed to several statistical treatments. Experimental data and 
conventional descriptive statistics based on normal distribution have been presented in Table 
2 and 3 respectively.

Table: 2 Experimental data of SOM and bulk density in the study area
Sample No SOM (%) Pb(g/em3)

Al 1.48 0.775
A2 . 2.02 0.791
A3 3.48 0.991
B1 4.19 1.033
B2 3.31 0.994
B3 1.49 0.876
Cl 5.00 0.921
C2 3.05 0.689
C3 2.79 1.090
D1 6.07 1.300
D2 3.52 1.450
D3 2.63 1.110
El 3.90 1.230
E2 3.24 1.360
E3 3.05 1.320
FI 3.31 1.020
F2 3.05 1.480
F3 2.81 1.320

A ll 3.50 0.866
A12 3.31 0.956
B ll 3.26 1.130
B12 4.12 1.240
C ll 2.09 1.010
C12 1.69 0.891
D ll 1.34 0.791
D12 4.12 0.871
E ll 2.95 0.987
E12 2.00 0.998
F ll 4.83 1.010
F12 2.03 1.580
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Table: 3 Descriptive statistics of experimental data

Descriptive Statistics

SOM (%)
Pb (g/cm3)

Inside tea 
gardens

Outside
teagardens Inside tea 

gardens

Outside
teagardens

Mean 3.244 2.936 1.097 1.027

Standard error 0.263 0.319 0.056 0.061

95% Confidence Interval 
for Mean [2.670-3.798] [2.234-3.640] [0.98- 1.22] _ [0.893-0.162] 7

5% Trimmed mean
3.185 2.920 1.099 1.010

Median
3.145 3.105 1.062 0.993

Variance 1.242 1.224 0.057 0.045

Standard deviation
1.114 1.107

0.239 0.212

Minimum 1.480 1.340 0.689 0.790

Maximum
6.070 4.830

1.480 1.580

Range 4.590 3.490 0.791 0.790

Inter quartile range
0.865 1.958 0.410 0.224

Skewness 0.766 0.176 0.007 1.776

KurtosisZ 1.603 : -1.1131
-1.0711 3.7801-

The bulk density of soil is inversely related to the porosity of the same soil. High bulk density 
is an indicator of low soil porosity and soil compaction. At the same time, bulk density also 
increases with clay content. The soil texture in the study area is classified as clay. The mean 
bulk density of soil inside and outside the tea gardens of the study area was found to be 
1.097gm/cm3 and 1.027gm/cm3 respectively. The soils of the study area, thus, have low 
permeability and the decrease in soil porosity means that plant roots are often physically 
impeded by compact subsoil layers. This also implies that the subsoil of the area cannot held 
sufficient amount of available nutrients and water. The soils in the area are likely to exhibit 
properties which are somewhat difficult to manage or overcome. For example, soils in the 
area are often too sticky when wet and too hard when dry to cultivate. Subsoil in most of the 
sampling stations is found to be never wet up properly and others can have high mechanical 
impedance or poor aeration resulting in poorly developed root systems. The skewness and
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kurtosis values for bulk density inside and outside the tea gardens indicate that its distribution 
in the study area is not uniform with a long right tail with respect to the mean. Wide data 
range and high standard deviation obtained for bulk density in both inside and outside the tea 
gardens also likely to bias the normal distribution statistic in the area

Monitoring soil organic carbon levels provides a good measure of the fertility of the soil. 
Good soils are generally understood to be sandy loom soils high in organic matter (4-10%). 
The soil samples in and around the tea gardens of Darrang district, Assam are found to 
contain low organic matter and are, therefore, difficult for plant root penetration. Within the 
study area there is a wide variety of soils. Some are highly productive and extremely 
important for agriculture, while others are thin and infertile with low agricultural potential. It 
may be due to sewage containing toxic metals, precipitation of acidic and other airborne 
contaminants as well as persistent use of fertilizers and pesticides in the tea gardens. 
Typically soil organic carbon varies as a function of climate and land use. It generally follows 
continental rainfall and temperature patterns. The climate is also not conducive to production 
and retention of high levels of organic matter. The distribution of SOM in the study area is 
found to be highly unsymmetrical. Positive skew obtained for SOM indicates an asymmetric 
tail extending towards higher values. Positive kurtosis data inside the tea garden indicates a 
sharp distribution while negative kurtosis outside the tea gardens indicates a flat distribution 
pattern of SOM.

Conclusion

A comprehensive analytical and statistical analysis of distribution of soil bulk density and 
SOM in both inside and outside the tea gardens of Darrang district, Assam has been 
presented. Setting and monitoring physical properties of soil is important to ensure that soil 
function is maintained, not only for the current land use, but also for potential future uses. 
Statistical observations show bulk density and SOM exhibit an asymmetric distribution with a 
long tail either on the right or left side of the mean in the study area. Wide data range, high 
standard deviation, differences between mean and median, significant skewness and kurtosis 
value indicate that the distribution o f  the studied parameters in the study area is widely off 
normal. It is, therefore, important that we value and conserve our soils so that they will 
continue to be useful in the future.
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Abstract

Soil analysis refers to the general procedure used to assess soil fertility. A 
statistical analysis of soil quality parameters with respect to available nitrogen, 
phosphorous, potassium and organic carbon in the tea garden belt of Darrang 
district, Assam has been presented in this communication. The district lies 
between 26°25/ and 26°55; northern latitude and 91°45/ and 91°20/ east 
longitude and covers an area of 3,465.30 sq. km. A total of twenty soil 
samples collected from inside and outskirts of five selected tea gardens have 
been analysed and studied separately. The implications presented are based on 
statistical analyses of the raw data. Normal distribution analysis (NDA) and 
reliability analysis (correlation matrix) are used for interpretation of data. 
Statistical observations on pH, N, P, K and %C in soils of the study area show 
that all these parameters exhibit a non-uniform distribution. Comparisons with 
the recommended rating of ICAR imply that the soil samples contain N, P and 
C either at moderate or high level, while K status in soil is very low. Keeping 
in view of these observations, it is concluded that soil nutrient imbalance and 
their off normal distribution are the key issues that needs to be taken up in the 
area.

Key Words: Soil Quality, Acidity, ANOVA, Confidential Limit, t test.
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Introduction
Soil is one of the most important components of the earth’s biosphere and is 
indispensable for the continued existence of life on the planet. Interest in evaluating 
the quality and health of our soil resources has been stimulated by increasing 
awareness that soil functions not only in the production of food and fiber but also in 
ecosystems function and the maintenance of local, regional, and global environmental 
quality1. A soil is not considered "healthy" if it is managed for short-term productivity 
at the expense of future degradation2. For healthy growth of plants, it is necessary that 
all the needs of plants be met with according to their requirements. An estimate 
(1990) showed that 10% of the fertile soil of the planet has been transferred by human 
activities from forest into deserts, while 25% or more is at risk3. Intensive agricultural 
practice with continuous negligence of nutrient replenishment has led to depletion of 
the fertility of soils in most parts of India. But unfortunately, much less is known 
about the fertility status and management of the soils in North Eastern India. 
Available literature shows that the long-term exploitation of soil under the tea gardens 
in Assam has led to impoverishment of soil fertility and stabilization of yields, despite 
increasing application of external inputs such as fertilizers and pesticides4,5,6. Unless 
site-specific nutrient supply recommendations are developed and promoted by regular 
testing of soil, the trend of soil fertility depletion will not be reversed. Classical soil 
quality control theory suggests that once a sample point exceeds a defined number of 
standard deviations from the mean, then this forms an outlier. However, it requires a 
thorough examination of the changing soil fertility status to establish whether this was 
an aberrant spike or a longer-term trend. The present research has been carried out to 
study the soil fertility status in the tea garden belt of Darrang district, Assam. The 
specific objectives of this study are to determine the levels of acidity (pH), available 
nitrogen (N), potassium (K), phosphorous(K) and carbon (% C) in soil, and their 
distribution pattern in and around five tea gardens of Darrang district of Assam, India 
so that puipose-orientated soil quality assessments and predictions can be made in the 
area.

Study Area
The study area Darrang district is situated in the eastern parts of India on the northeast 
comer of Assam. Located on the bank of mighty river Brahmaputra, the district is 
largely plain. The district lies between 26°25/ and 26°55/ northern latitude and 91°45/ 
and 91°20/ east longitude (approximately). The district covers an area of 3,465.30 sq. 
km and falls in the sub-tropical climatic region, and enjoys monsoon type of climate. 
The sampling locations are shown in Figure 1.

Twenty soil samples were collected in and around the five selected tea gardens by 
adopting lottery method during January to June, 2008, where no appropriate chemical 
testing of soils are done on a regular basis. Soil sampling locations are presented in 
Table 1.
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Figure 1: Sketch map of Darrang district showing 20 sampling stations.
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Table 1: Soil sampling locations.

SI. No. Name of the Teagarden Sample No’s 
(Inside)

Sample No’s 
(Outside)

Number of 
Samples

1 Tangoni A1-A2 A11-A12 04

2 Paneri B1-B2 B11-B12 04

3 Dimakusi C1-C2 C11-C12 04

4 Corramore D1-D2 D11-D12 04

5 Ghagrapara E1-E2 E11-E12 04

Materials and Methodology
Experimental Analysis
Soil samples were collected by adopting simple random sampling technique by 
maintaining a distance of about 50 meters between two samples. Soil samples were 
prepared by collecting small portions of surface soil. A “V” shaped cut of 0 to 6-inch 
depth at random locations was made in each sampling site 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 
(38°C) for 12 hours. The air-dried sample is crushed by hand using a pestle and 
mortar and analyzed for pH, Available N, P, K, and % C by selecting standard 
procedures which, in our experience, are appropriate for soils of the study area7.

Statistical Analysis
Sample data were subjected to statistical treatment using normal or Gaussian 
distribution statistic and correlation analysis. To look into the trend and distribution 
patterns of pH, Available N, P, K, and % C in soil, data were exposed to several 
statistical treatments like Mean, Variance (V), Standard Deviation (SD), Standard 
Error (SE), Median, Range, Confidential Limit (CL) at 95%, and Percentile at 25%, 
75%, 95% . One population t-test (t) is performed for all soil quality parameters under 
the null hypothesis (H0) by taking assumption that the experimental chemical soil 
quality data are consistent with the standard rating given by the chemical ranking 
chart of Indian Council of Agricultural Research8. Details of these may be found in 
standard books on statistics and software packages9.

Results and Discussion
The experimental results along with conventional descriptive statistics based on 
normal distribution are summarized in Table 2 and 3.
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Table 2: Soil quality parameters inside tea gardens.

Sample No pH N (kg/ha) P (kg/acre) K
(kg/acre) %C

Al 4.01 380.09 16.54 50.13 0.86
A2 4.00 425.72 24.60 45.57 1.17
B1 4.99 582.59 19.47 91.12 2.43
B2 4.98 492.96 14.13 72.9 1.92
Cl 4.55 784.27 11.92 45.57 2.9
C2 4.9 492.96 16.13 47 1.77
D1 4.55 873.90 12.61 54.67 3.52
D2 4.38 403.32 6.30 82.1 2.04
El 4.77 829.08 128.09 62 2.26
E2 4.72 649.8 123.74 71 1.88

Statistical Analysis
Mean 4.59 591.47 37.35 62.21 2.08

Standard Error 0.12 58.10 14.84 5.18 0.24
Median 4.64 537.78 16.34 58.34 1.98
Mode ■ 4.55 492.96 6.30 45.57 0.86
Range 0.99 493.81 121.70 45.55 2.60

Standard
Deviation 0.36 183.74 46.93 16.37 0.77

Variance 0.13 33760.19 2202.73 267.88 0.60
Skewness -0.67 0.46 1.74 0.60 0.32
Kurtosis -0.70 -1.44 1.32 -0.98 0.36

P25 4.29 420.12 12.44 46.64 1.62
P50 4.64 537.78 16.34 58.34 1.98
P75 4.92 795.47 49.39 75.20 2.55

95%
C.L

Lower
Bound 4.33 460.03 3.78 50.50 1.52

Upper
Bounds 4.85 722.91 70.93 73.91 2.63

ICAR Rating 6.0-8.5
Normal

280-560
Medium

25-62
Medium

272-690
Medium

0.5-0.75
Medium

111 -34.06 0.54 -1.66 -121.30 5.42
Comment S NS NS S S
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Table 3 :  S o i l  q u a l i t y  p a r a m e t e r s  o u t s i d e  t e a  g a r d e n s .

S a m p l e  N o
p H

N  ( k g / h a )
P

( k g / a c r e )

K

( k g / a c r e )
% C

A l l 5 . 1 3 4 4 8 . 1 5 9 2 . 4 7 1 1 3 2 . 0 3

5 . 4 0 3 1 3 . 6 9 5 8 . 2 4 1 0 0 .3 1 . 9 2

B l l 4 . 7 9 2 2 4 . 0 7 4 7 . 0 1 8 6 . 5 8 1 . 8 9  •

B 1 2 4 . 8 8 6 7 2 . 2 3 1 6 . 7 8 9 5 . 5 2 . 3 9

C l l 5 . 0 3 2 6 8 . 8 8 1 4 .3 1 6 8 . 4 1 .2 1

C 1 2 5 . 7 0 2 0 1 . 6 7 1 0 . 3 2 6 3 . 8 0 . 9 8

D l l 5 . 1 5 3 8 0 . 9 2 1 4 . 7 8 6 8 . 4 0 . 7 8

D 1 2 5 . 2 0 5 8 2 . 5 9 1 2 3 . 2 8 9 5 . 7 2 . 3 9

E l l 5 . 0 5 5 1 5 . 3 6 1 2 7 . 2 8 9 9 1 .7 1

E 1 2 5 . 2 0 6 2 7 . 4 0 6 1 . 2 3 1 2 0 1 .1 6

Statistical Analysis
M e a n 5 . 1 5 4 2 3 . 5 0 5 6 . 5 7 9 1 . 0 7 1 .6 5

S t a n d a r d  E r r o r 0 . 0 8 5 4 . 2 2 1 4 . 1 9 6 . 0 5 0 . 1 8

M e d i a n 5 . 1 4 4 1 4 . 5 4 5 2 . 6 3 9 5 . 6 0 1 . 8 0

M o d e 5 . 2 0 2 0 1 . 6 7 1 0 . 3 2 6 8 . 4 0 2 . 3 9

R a n g e 0 . 9 1 4 7 0 . 5 6 1 1 6 . 9 6 5 6 . 2 0 1 .6 0

S t a n d a r d

D e v i a t i o n
0 . 2 6 1 7 1 . 4 5 4 4 . 8 6 1 9 . 1 4 0 . 5 8

V a r i a n c e 0 . 0 7 2 9 3 9 5 . 2 0 2 0 1 2 . 1 6 3 6 6 . 5 2 0 . 3 3

S k e w n e s s 0 . 8 8 0 . 1 3 0 . 5 9 - 0 . 1 5 - 0 . 1 6

K u r t o s i s 1 . 4 4 - 1 . 5 6 - 1 . 1 2 - 1 . 0 5 - 1 . 4 2

P 2 5 4 . 9 9 2 5 7 . 6 8 1 4 . 6 6 6 8 . 4 0 1 . 1 2

P 5 0 5 . 1 4 4 1 4 . 5 4 5 2 . 6 3 9 5 . 6 0 1 . 8 0

P 7 5 5 . 2 5 5 9 3 . 7 9 1 0 0 . 1 7 1 0 3 . 4 8 2 . 1 2

9 5 %

C . L

L o w e r

B o u n d
4 . 9 7 3 0 0 . 8 5 2 4 . 4 8 7 7 . 3 7 1 .2 3

U p p e r

B o u n d D
5 . 3 4 5 4 6 . 1 4 8 8 . 6 6 1 0 4 . 7 6 2 . 0 6

I C A R  R a t i n g
6 . 0 - 8 . 5  

N o r m a l

2 8 0 - 5 6 0

M e d i u m

2 5 - 6 2

M e d i u m

2 7 2 - 6 9 0

M e d i u m

0 . 5 - 0 . 7 5

M e d i u m

| t j - 4 1 . 0 9 - 2 . 5 2 - 0 . 3 8 - 9 8 . 9 3 4 . 9 0

C o m m e n t S S N S S S

N .  B .  S  =  S i g n i f i c a n t  

N S  =  N o n  S i g n i f i c a n t
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The pH values of the soil reflect the health status of the soil as to whether it is fit 
for cultivation or not. As per ICAR guideline, soils in the range 5.6 to 6.0 are 
moderately acidic and below 5.5 are strongly acidic in nature. Significant negative 
skewness and kurtosis value for pH inside tea gardens indicates a flat distribution with 
a long tail on the left of the median. However, the distribution pattern of pH outside 
the tea gardens is sharp with a long right tail. The soil in the area was found to be 
significantly acidic in nature with a mean value of 4.59 inside the tea gardens, t-test 
analysis of the data suggests that means are significant with reference to the mean 
rating of ICAR in both outside and inside the tea gardens of the area. One way 
ANOVA analysis at 0.05 level (F = 16.25528, p = 7.82441E-4) also suggests that the 
mean pH inside and outside tea gardens are significantly different.

Nitrogen (N) is essential for plants and usually has a larger effect on crop growth, 
yield and crop quality than any other nutrient. However, too much available N may 
lower yields and lessen crop quality. The quantity of N in soils is intimately 
associated with organic matter levels. Over 90 percent of soil N is associated with soil 
organic matter. Soil nitrogen distribution profiles and seasonal variation can be used 
as a diagnostic tool for evaluating the impact of N fertilization on the accumulation of 
NO3-N  in soil and the risk of NO3' leaching. Positive skewness and negative kurtosis 
values for N in both inside and outside tea gardens indicate flat distribution with a 
long right tail. The distributions for N in soil also appear to be asymmetric with the 
common feature of third quartile being wider than the second in the area. Difference 
between mean, median, mood and significantly high range for N in soil indicate the 
presence of outliers. It is also noticed from one way ANOVA analysis at 0.05 level (F 
= 79.9827, p = 4.83827E-8) that the mean values of N inside and outside tea gardens 
are significantly not different. However, one population t-test suggests that N content 
of soil outside the tea gardens vary significantly with respect to the chemical rating 
chart (ICAR, 2005).

Phosphorus (P) is an essential element classified as a macronutrient because of the 
relatively large amounts of P required by plants. It plays an essential role in agriculture 
and for all forms of life: respiration, photosynthesis in green leaves, microbial turnover 
and decomposing litter10. In acid soils, there is a tendency toward lower P levels over 
time. Significant skewness and kurtosis values for P indicate that its distribution in the 
study area is not uniform. Significant differences among mean, median and mode along 
with significant skewness and kurtosis values observed for P inside and outside tea 
gardens are indicative of departure of sample frequency distribution curve from normal. 
The ANOVA test (F = 0.87616, p = 0.36164 ) at 0.05 level suggests that the means 
inside and outside tea gardens are not significantly different.

Potassium is very important in maintaining soil health, plant growth and animal 
nutrition. The consequences of low potassium levels are apparent in a variety of 
symptoms - restricted growth, reduced flowering, lower yields and lower quality 
produce. The soils in and around the tea gardens of the study area are potassium 
deficient and is not in accordance with the rating (lower limit 272 kg/acre) given by 
ICAR’ 2005. This observation is also supported by the statistical t-test data. Soil 
potassium status also varies significantly in the study area as interpreted by ANOVA 
test (F = 13.13083, p = 0.00194). Positive skewness and negative kurtosis values
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obtained for K inside tea gardens indicate flat distribution pattern with a right tail, 
while negative skewness and kurtosis value for K outside the tea gardens indicates its 
flat distribution with a long tail on the left of the median. Asymmetric nature of K 
distribution is also apparent from the width of the third quartile which is much greater 
than the first and second quartile in both inside and outside tea gardens. Wide data 
range and high standard deviation in case of K also bias the normal distribution 
statistic in the area.

Total carbon provides a measure of the organic matter content of soil. The concept 
of “ soil quality”  has recognized soil organic matter as an important attribute that has 
a great deal of control on many of the key soil functions11. The soil samples of the 
area are found to contain high percentage of soil carbon. Positive kurtosis and 
skewness value for soil carbon inside the tea gardens is indicative of its sharp 
asymmetric distribution with a long right tail from its median. The scenario is, 
however, completely opposite for the soil samples taken outside the tea gardens. It is 
also observed that the width of the third quartile is significantly greater than the 
second quartile, which for a symmetric distribution should be equal. ANOVA (F = 
1.9734, p = 0.17711) shows that the means for soil carbon do not vary significantly 
inside and outside tea gardens.

Correlations among the studied parameters are presented in Table 4 and 5. 
Pearson's correlation coefficient measures the closeness of the relationship between 
chosen independent and dependent variables. If the correlation coefficient is nearer to 
+1 or -1, it shows the probability of linear relationship between the variables. Since 
the directions of association of the measured variables are unknown in advance, two- 
tailed test of significance was carried out and presented in Table 4 and 5. It is 
observed that some of the soil quality parameters correlation is significant at the 0.01 
and 0.05 level.

Table 4: Correlation matrix among the studied parameter inside tea gardens.

pH N P K %c
Pearson Correlation pH 1 0.364 0.214 0.481 0.455
Significance Test. (2-tailed) - 0.301 0.552 0.160 0.187
Pearson Correlation N 0.364 1 0.407 -0.115 0.825**

Significance Test. (2-tailed) 0.301 - 0.243 0.751 0.003
Pearson Correlation P 0.214 0.407 1 0.109 -0.046
Significance Test. (2-tailed) 0.552 0.243 - 0.764 0.899
Pearson Correlation K 0.481 -0.115 0.109 1 0.140
Significance Test. (2-tailed) 0.160 0.751 0.764 - 0.700
Pearson Correlation %C 0.455 0.825** -0.046 0.140 1
Significance Test. (2-tailed) 0.187 0.003 0.899 0.700 -

** Correlation is significant at the 0.01 level 2-tailed).
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Table 5: Correlation matrix among the studied parameter outside tea gardens.

pH N P K %C

Pearson Correlation pH 1 -0.296 -0.096 -0.205 -0.399

Significance Test. (2-tailed) - 0.406 0.792 0.570 0.253

Pearson Correlation N -0.296 1 0.424 0.657* 0.440

Significance Test, (2-tailed) 0.406 - 0.222 0.039 0.203

Pearson Correlation P -0.096 0.424 I 0.626 0.512

Significance Test. (2-tailed) 0.792 0.222 - 0.053 0.130

Pearson Correlation K -0.205 0.657* 0.626 1 0.509

Significance Test. (2-tailed) 0.570 0.039 0.053 - 0.133

Pearson Correlation %C -0.399 0.440 0.512 0.509 1

Significance Test. (2-tailed) 0.253 0.203 0.130 0.133 -

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

Conclusion
It observed that the soil in the study area is acidic and K deficient. Comparisons with 
the recommended rating of ICAR imply that the soil samples contain N, P and C 
either at moderate or high level. Statistical observations show that all these elements 
exhibit an uneven distribution with a long asymmetric tail either on the right or left 
side of the median. The width of the third quartile is consistently found to be more 
than the second quartile for each parameter. Differences between mean, mode, median 
and high standard deviation in each case indicate that the distribution of N, P, K and C 
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. Keeping in view of these observations, it is 
concluded that soil nutrient imbalance is the key issue that needs to be taken up in the 
area.
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