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Abstract

To assess water and soil quality in the Western Ghats' coffee plantations, 66
water and 224 soil samples were collected at four locations for estimation
20 parameters in water and 16 parameters in soil samples. Principal
component analysis was applied to a set of chemical data obtained by the
laboratory analysis of water and soil. Study locations represented arabica
coffee (Coffea arabica) plantations around 50 km? from Chikkamagaluru
town. PCA showed the interrelationship of water and soil parameters for
four sampling locations. The clustering of sampling location results was
due to the consequence and concentration of water and soil variables. The
principal component bi-plot of phosphorous, conductivity, hardness, total
dissolved solids, sulphate, magnesium, and alkalinity determined water
quality factors. Heavy metals, nitrogen, and total phosphorous greatly
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influenced the quality of soil samples at different locations.

Introduction

Water and soil qualities are the two main factors in
agriculture activities that play a significant role in
agronomy growth and yield." Studies on ecology
and agronomy are focused on the water and soil as
they are significant in maintaining human health and
ecosystem.2 Without access to quality water and soil,
it is impossible to make sustainable agriculture and
life.> Contamination arising from agricultural activities
results in water and soil pollution.* Increased food

demands for the growing population and food
production have been met by an amalgamation
of wide yielding crop varieties that depend on
pesticides fertilizers, which increase the pollution
load in the concerned area. Unhygienic handling of
farm animals and excessive pesticides and fertilizers,
causing soil and water contamination, are some of
the main concerns regarding water and soil quality
degradation.>®

CONTACT Melally Giddegowda Venkatesha B4 venkatmelally @gmail.com 9 Insect Science Laboratory, Department of Zoology,

Bangalore University, Bengaluru 560 056, India.

© 2020 The Author(s). Published by Enviro Research Publishers.

This is an a Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).

Doi: http://dx.doi.org/10.12944/CWE.15.3.14



RAGHAVENDRA & VENKATESHA, Curr. World Environ., Vol. 15(3) 502-514 (2020) 503

Soil fulfils basic agriculture requirements by
providing organic matter, reduced erosion, well
water infiltration, more water-holding capacity,
less subsoil compaction, and less leaching of
agrochemicals to groundwater.” Soil ecosystem
provides a range of services to human beings, but
over-exploitation of soil can be controlled by adopting
evaluated fertilizer and pesticide usage; practicing
advanced soil management would help protect the
soil from pollution and quality deterioration.® Soil
fitness is soil's capacity to function as a dynamic
living system within the ecosystem and land-use
boundaries to sustain plant and animal productivity,
maintain or improve water and air quality, and
uphold plant and animal health. To maintain the
soil's quality by agricultural activities are present
days of utmost significant concern of humankind.*
Soil health is essential in effective agriculture; good
quality soil provides an environment for optimum
substratum for plant growth that enhances crop
health and throughput.® In modern agriculture
practices, alterations in soil quality mainly depend
on the use of chemical fertilizers and pesticides
on “un-conventionally” managed farms that can
lead to polluted runoff that has detrimental effects
on the ecosystem's organisms.’® Assessment of
the soil's quality in the same agricultural activities
being followed for several years will provide useful
scientific data about soil quality and management.
In the non-conventional way of agriculture, modern
soil management methods will alter a farm's nutrient
stability in terms of both its yield and its overall
sustainability.

As per the advanced agriculture practices, the
chance of water contamination by agricultural
activities is not ruled out.* Quality of water is an
essential resource for agriculture and industrial
commitments and vital ecological existence; viable
progress would not be possible without its abundant
quantity and quality.'? Even though water is the basic
essential requirement for agriculture, contamination
is also seen in the same activities because of excess
use and agrochemicals' mismanagement.* Excess
runoff of fertilizers and pesticides widely used in crop
growing is a major cause of water contamination.
Even though this kind of contamination is termed
as a non-point pollution source, remediation and
abatement of such contaminations are very difficult;
therefore, prevention and sustainable management

practice are needed. This study was the most
concern as the coffee crop grows in an ecologically
sensitive Western Ghats area by adopting modern
agricultural practices. The Western Ghats is one
of the world's biodiversity hotspots, and several
endemic plants and animals exist in the region.®
Coffee contributes significantly to sustain the region's
unique biodiversity; it is accountable for the socio-
economic progress in the isolated hill region of the
Western Ghats in the Karnataka state of India. The
tendency of converting thick forest of this area into
coffee plantation directly depends on the global
demand for the coffee market, and it was 10% more
from 1991 to 2002.'* Therefore, the main goal of
the study was to assess the water and soil quality
of perennial coffee plantations in the ecologically
sensitive Western Ghats region of Karnataka, India.

Materials and Methods

Sampling Area

The arabica coffee plantations were selected within
a 50 km? from Chikkamagaluru town (Karnataka).
The Chikkamagluru region climate falls under the
category of the tropical wet area with an annual
average temperature range of 15°-25°C, relative
humidity 70- 80%, and annual rainfall range
1600-2500 mm. About 80% of the rainfall is
between May and September. Study areas were
moderately sloped with an elevation range of
1000-1500 m above sea level. Sampling areas
represent the northern, southern, and western hilly
regions of Chikkamagaluru town. The Eastern part
of the Chikkamaglauru town is a low land area. In
each direction, the study area represented with
one sampling location, i.e. a) L1(13°19'25.06"N
075°39'51.7"E) b) L2 (13°21'10.4"N 075°41'45.0"E
) ¢) L3 (13°14'47.5"N 075°44'42.7"E ) and d) L4
(13°26'14.6"N 075°36'48.4"E ) (Fig. 1 and Table 1).
A sampling of soil and water was carried out from
December 2017 to February 2018. Each sampling
location included 7-9 random sampling points
covering the distance of a 4-7 kilometer radius of
an area of 50-100 hectares. In soil sampling, each
sampling point contained seven samples from a
higher elevation to lower slope in the zigzag stretch
of an approximate distance of 10 meters between
the samplings as followed by Prakash.' Soil to the
depth of 15-20 cm from the upper soil layer was
collected using stainless steel auger and stored in
aluminium foil. Small plants and debris collected in



RAGHAVENDRA & VENKATESHA, Curr. World Environ., Vol. 15(3) 502-514 (2020)

samplings were discarded. Totally 224 soil samples
were collected from the four locations. The collected
soil samples were stored separately in thermocool
box at 2-4°C until transported within 6-8 hours to the
laboratory. In the laboratory, soil samples were air-
dried at room temperature (22-25°C ) and pounded
to form powder using a pestle and mortar and then
sieved through <2 mm sieve and stored at 4°C in the
freezer until analysis as followed by Fatoki.'® Around
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the selected soil sampling points depending on the
availability of water sources, i.e., bore wells, open
wells, lakes, and ponds, one litter of water sample
was collected in plastic bottles (for physicochemical
analysis) and 100 ml sample (acidified for metal
analysis) separately and brought to the laboratory
within 6-8 hours and stored at 4°C in the freezer until
further analysis. Altogether, 66 water samples were
collected from the four sampling locations.

Table 1: Details of sampling locations of coffee plantations in Chikkamagaluru District

SI.No Sampling location Latitude & longitude

Status of locations

1 Location-1 13°19°25.06” N Well maintained arabica coffee plantation
075°39'51.7”E without any intercrop, with the humid condition
and hilly area. 1201 meter elevation from sea level
2 Location-2 13°21’10.4” N Well maintained arabica coffee plantation, with
075°41°45.0"E banana and orange as intercrop, the humid
condition, and less steep area.with elevation1222 meter
3 Location -3 13°14'47.5" N Well maintained arabica coffee plantation, with
075°44°'42.7" E pepper as intercrop, moderately humid, gentle
slope area with elevation 1051 meter
4 Location-4 13°26’14.6" N Well maintained arabica coffee plantation with
075°36'48.4” E pepper and areca as intercrop, hilly humid area,
elevation above sea level 1006 meter.
Analysis methods. The soil pH and electrical conductivity

Ultrapure water acquired from the Millipore water
system was used throughout the work. All chemicals,
reagents, and buffers were analytical grade, Merck
(Darmstadt, Germany) and were checked for
possible trace metal contamination. Where required,
standard solutions were prepared by diluting 1000
ppm certified standard solutions, Merck (Darmstadt,
Germany). For ICP-MS N5 high purity argon gas
was used.

Water

A total of 66 water samples were analysed for pH,
dissolved oxygen (DO), conductivity, total dissolved
solids (TDS), total hardness, sulphate, chloride, total
alkalinity, chemical oxygen demand (COD), nitrate,
phosphate as P, magnesium, copper, lead, zinc,
nickel, iron, cadmium, manganese, and chromium
by using standard procedures."”

Soil
The physical and chemical soil properties of 224
samples were analysed using standard laboratory

(EC) were measured using ultrapure water 5:1
volume/mass proportion.’® Moisture content was
determined by using the gravimetric method.®
Organic carbon, available phosphorus content,
nitrogen, and available potassium were determined
by Jackson's methods'®. Metals, i.e., copper, lead,
zinc, chromium, nickel, manganese, cadmium,
and iron, were analysed by following the method
of Rashed® with little modifications with inductive
coupled plasma-mass spectroscopy (Perkin Elmer
Nexion 300X model).

Data analysis

A set of the quantitative data obtained from the
chemical analysis was processed by statistical
computation using Microsoft Excel 2010, R, and
PAST version 3.2. The quality of water and soil
of the area depends on one another variable,
deciding factors of the water and soil quality.
Descriptive statistics of the water and soil variables
are explained in table 2 and 3 by observing these
data in little kurtosis nature; normalization of data



RAGHAVENDRA & VENKATESHA, Curr. World Environ., Vol. 15(3) 502-514 (2020)

for further analysis is recommended.?' The data
normalization was done by converting the data
into the log p1 form using the R statistical tool.
These minimize the variables and eliminate the
influence of different units of measurements and
reduce the data dimensionless. To ascertain the
relationship and influence of water and soil samples'

i
i
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i
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physicochemical variables, Principal Component
Analysis (PCA) (PAST version 3.2) statistical tool
was applied to normalized data. The PCA tool was
applied to assess the statistical correlation among
different components to predict the status of water
and soil samples.
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Fig.1: Maps showing study areas with sampling locations and sampling points of coffee
plantations in Chikkamaglaur district

Results and Discussion

Water

Water quality affected by agricultural activities
as a cause of pollution has been well
studied.???32* The water quality mainly depends
on the physicochemical properties of the water,
minerals, and microbes. However, the major role of
the water quality is decided by the physicochemical
properties of the water, which is influenced by
nature?52627 Total dissolved solids and electric
conductivity of all water samples were within the
range of 82-618 mg/L and 126-940 ySm/cm against
WHO standards of 1000mg and 1500 pSm/cm
respectively (Table 2). The major ions, chloride,
nitrate, sulphate, magnesium, and phosphorous,
were considered well within the limit compared
with concentrations of several surface water bodies

globally.?® An increasing value of total hardness
and total dissolved solids in the range of 31 - 330
mg/L and 82 - 618mg/L shows the water quality in
the depletion trend. The presence of phosphate
as P in all the sampling locations with a range of
0.01 - 0.68 mg/L was a strong indication of
agricultural leachate contamination because of
more phosphorous-based fertilizers.?® Toxic metals
like nickel, cadmium, manganese, and chromium
were detected in water samples. However, when
compared to WHO water standard, a few samples
showed a concentration of more than desirable limits
(Table 2). Dissolved oxygen showed a good quality
of water in the range of 5.0-7.50 mg/L. However, a
few samples showed a chemical oxygen demand
value of 4.0 to 29.22 mg/L range.
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PCA statistical techniques were applied to the
variety of environmental data analysis to predict the
quality and cause of the depletion factor in water
bodies.?23031 PCA explains the information on all the
critical parameters and outcomes of whole laboratory
data by diagonalization of the correlation matrix.?
Table 4 shows the water samples' PCA results,
including the loadings of each principal component
(PC). In PCA, eigenvalues are used to decide the
number of PC. A scree plot (Fig 2) for the 66 water
samples in four locations showed a noticeable
change in slope after the fifth eigenvalue.® The first
five PCs, which explained the variance of 68.43%
of 5 eigenvalues, were used for further analysis.
To explain the contribution of chemical variables,
the loadings' absolute value was measured like
a PC. Each variable's maximum influence was
underlined; it explains the influence and contribution
of four locations with parameters. PC 1 explained
27.64% of the variance and was contributed
by conductivity, sulphate, calcium, magnesium,
chloride, total dissolved solids, total hardness,
alkalinity, and magnesium, with strong positive
loadings and deciding factors of the water quality
in the sampling locations. PC 2 explains 12.63 % of
the variance by phosphorous, nitrate, and copper
positively and pH, dissolved oxygen negatively. PC 3
11.32 % of the variance includes lead, zinc, nickel,
iron, and manganese. PC 4 contributes 10.11 % of
total alkalinity, lead, nickel, and chromium positively
and zinc negatively. PC 5 (6.72 %) is contributed by
nitrate and nickel positively, and copper and cadmium

30
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negatively. PC 1 and PC 4 explain the water's
hydrochemical characters, which directly depend
on the sampling location's water quality depending
on the area's geological aspects. Third, fourth and
fifth PC contributed by phosphorous, nitrate, and
metals, i.e., lead, zinc, nickel, and copper. These
prominences in the water were due to agricultural
activities leading to depletion of water quality.
Incidentally, in our study locations, phosphorous,
nitrate, and copper were being used as fertilizers/
pesticides in the coffee plantations. Biplot (Fig 3)
explains the correlation between PC1 and PC2 for
analysed sample data of four study area locations.
The sample belongs to the location-1 (L1 Diamond
symbol ) shows the most prominent clusters on the
left side of the PC1, whereas the location-4 (L4 round
filled) are commonly clustered the positive side of the
PC axis. The other two sampling location-2 (L2 star)
and location-3(L3 triangle) were dispersed in the
PCs' space without showing the prominent cluster
because of the hydrochemical variation of these
two locations' values with the first two locations.
Biplot explains the major contributions of the water
quality were total dissolved solids, chloride, sulphate,
nitrate, and phosphorous with little contribution from
metals, i.e., zinc and manganese in the positive
part of the component, indicating the main effect
of these parameters on the quality of the water in
four locations. Especially phosphorous, nitrate and
copper supports the view of excessive usage of
fertilizer and pesticides in the study areas.

25

Eigenvalue %
- b
A =

=
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Fig. 2: PCA Scree plot showing water samples of four locations of coffee plantations
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Component 2

Component 1

Fig. 3: PCA Bi-plot of water samples of four locations of coffee plantations

Previous studies showed that the water quality
variations in water sources were mainly related to
inorganic nutrients and heavy metals by agricultural
wastewater34. Water quality variations result in
potential impacts on the aquatic ecosystem?. This
study could be used as necessary information by
decision-makers and farmers to take proper action
in this regard. It is clear from the results of the study
area's water quality is in depletion trend due to
phosphorous, nitrate, iron, chromium, and chemical
oxygen demand in the water. Further studies in detail
are necessary to minimize water quality degradation
by agriculture activities.

Soil

Table 3 explains the descriptive statistics of 224
soil samples of four locations for 16 parameters
(variables). In all the locations, the soil's pH was
in the range of 4.58 - 7.3, which is the more liable
pH condition for the growing coffee plants.® Soil
conductivity explains the total interrelationship
between all the physical and chemical parameters
of the soil.¥” The conductivity ranges from 103.2
to 661 pS/cm, which is the required range of soil
conductivity for agriculture.®® Moisture content in
the soil plays a deciding role in mineralizing the
plant essential nitrogen element.® In this study,
even though few samples show the lower moisture
content, the entire sample locations fall in the range
of 1.37-28.25 percentage of moisture content. It is
essential to evaluate and maintain the soil organic
carbon for sustainable agriculture and maximum

yield.®® Even though coffee plantations are under
the shelter of big tree canopies; our data confirm
the lower organic carbon level. It ranged from
0.12 to 0.83%, which falls under the low level in
agriculture requirement for coffee.*’ The soil fertility
mainly depends on macronutrients (nitrogen,
phosphorous, and potassium) availability in the
s0il.*® The requirement of macronutrients in the
soil is involved in some biochemical reactions
controlled by the ecological process. However, extra
loadings of fertilizers may cause an imbalance of
the same. Our study confirmed the availability of
macronutrient in the range of 0.01- 0.08% of nitrogen,
0.01-0.04 mg/g phosphorous and 0.27-6.00
mg/g potassium against recommended range* of
0.069-0.138% of nitrogen, 0.0025-0.006 mg/g
phosphorous and 0.034-0.069 mg/g of potassium
respectively. The major part of the environment
consists of nitrogen and carbon as main constituents
for plant growth. However, the transformation of
these nutrients for the plant requirement involves
many ecological reactions.*' The concentration of
copper, lead, zinc, nickel, manganese, cadmium,
iron, and chromium is given in Table 3. Copper, zinc,
manganese, and iron are considered micronutrients
for plant growth.®%42 As per CCRI*® , micronutrients
and their critical limit are copper (0.0002 mg/g),
iron(0.0025-0.0045 mg/g), manganese(0.015-0.10
mg/g) and zinc(0.0006 mg/g). In our study copper
(0.01-1.23 mg/g), iron (0.01-212.2 mg/g), manganese
(0.01-13.64 mg/g), and zinc (0.01-0.16 mg/g) shows
the respective values. In this study, all the samples
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212.2 mg/g) may be the result of many ecological

shows a high copper concentration in the higher

and soil management activities majorly due to topsoil

erosion.*?

range (0.01-1.23 mg/g) due to the more application

of copper sulphate as a fungicide against coffee
leaf rust. Iron content was at a very high level (0.01-
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PCA showed a noticeable change of slope after the
fourth eigenvalue.®® (Fig-4). PCA explains 89.86 %
of the total variance of the data set in four principal
components. PC 1 describes 71.01% of the variance
with high negative loadings of pH, conductivity,
and moisture, supporting a high positive loading
of heavy metals, i.e., copper, lead, zinc, nickel,
manganese, cadmium, and chromium inversely.
PC 2 explains 8.50% of the total organic carbon,
nitrogen, and iron variance with positive loadings
(Table5). Principal components 3 and 4 describe
6.69 % and 3.64%, respectively. The significance
of different sampling locations and the variables
(parameters) are well explained among each other
by the PCA analysis bi-plot (Figs-5). The sample
belongs to the location-1 (L1 Diamond symbol ),
location-3 (L3 Triangle), and location-4 (L4 Round
filled) are grouped with the left side of the principal
component 1 because of the almost similar score
value of variables except for metal ion contents.
Location-2 samples (L2 star) show a little dispersed
clustering in the bi-plot's negative side because of
its lower concentration variable compared to other
locations. Three locations showed single dispersed
grouping in the negative side of the PCAs because of
the similar concentration of variables, which supports
the view that partial separation in the biplot confirms
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each location's characters.* Table 5 explains the
PCA analysis of the loading score against each
component. Almost the first three components that
have the eigenvalue >1 play the sample properties'
major role. PC1 metal is in a prominent place in
the bi-plot. It decides the quality of soil except for
iron, which has the maximum value. Being on the
positive area of the component sample location,
these parameters emphasize the prominence in
the quality of the soil. PC1 negative value of the pH
supports the metals' concentration on the positive
side of the components. Along with these metals,
phosphorous's total dominant appearance may
result from excessive fertilizer used in agricultural
practices. In agriculture, chemical fertilizer, i.e., NPK
(Nitrogen, Phosphorous, and Potassium) mixture
has been used in an estimated volume. Incidentally,
in the bi-plot, both potassium and nitrogen show
the negative lodgings, and another side of the
components phosphorous shows positive loadings
indicating to maintain the optimum level of these
macronutrients in soil. PC2 explains the total organic
carbon, nitrogen, and iron in the positive loadings
reveal the study locations have some particular
variables that play a major role in the soil constituents
by their concentrations.

Table 4: PC loading score value of water samples of four locations of coffee plantations

PC1 PC 2 PC3 PC 4 PC5
pH -0.27151 -0.65243 0.22995 -0.22742 0.19416
Dissolved Oxygen -0.02777 -0.78896 0.17289 -0.26214 0.084351
Conductivity 0.95638 0.049052 0.016658 -0.01119 0.052353
Total dissolved solids 0.94684 0.074417  0.00488 -0.02067 0.055059
Total Hardness sample 0.95933 -0.09035 0.003491 0.065406 0.050148
Sulphate as SO4 0.47852 0.15532 -0.18833 0.00811 -0.22038
Dissolved Phosphate as P 0.31458 0.52814 -0.27191 -0.07467 -0.05948
Chloride as CI 0.84593 0.26157 0.009223 -0.16569 0.24254
Total alkalinity sample 0.83198 -0.38288 0.015057 0.066478 -0.16117
Nitrate 0.021887  0.46805 -0.29628 0.25439 0.47041
Chemical Oxygen Demand. -0.14197 0.19644 0.12678 -0.51688 -0.17475
Magnesium 0.8489 -0.20724 0.01465 0.001887 -0.13809
Copper as Cu -0.06624 0.40813 0.3335 0.066704 -0.44329
Lead as Pb 0.063298 -0.00345 0.47757 0.71989 -0.22472
Zinc as Zn 0.048602 0.30881 0.48272 -0.41119 0.25686
Nickel as Ni -0.17062 0.28189 0.44696 0.49742 0.52201
Iron as Fe -0.03333 0.23476 0.78909 -0.04861 -0.00579
Manganese as Mn mg/L 0.31536 0.13766 0.67733 -0.48627 0.006237
Cadmium as -0.02004 -0.00731 0.25216 0.38444 -0.47083
Total Chromium as Cr 0.3243 -0.47721 0.22547 0.44883 0.27691
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Table 5: PC loading score value of soil samples of four
locations of coffee plantations

PC1 PC 2 PC3 PC4

pH -0.97421 -0.00234 0.034526 0.079976
Conductivity -0.97394 -0.03579 0.035348 0.078669
Moisture content -0.90287 0.14035 0.20504 0.018093
TOC -0.7072 0.52387 -0.25699 -0.02912
Nitrogen -0.32797 0.74951 -0.48716 0.008334
C/N ratio -0.96779 -0.07265 0.11802 0.072354
Dissolved Phosphate as P 0.76581 0.2506 -0.06337 0.45997
Potassium -0.75698 -0.23146 0.037462 0.4657
Copper as Cu 0.82102 0.20813 0.21836 0.28748
Lead as Pb 0.89368 0.029195 -0.03312 0.18303
Zinc as Zn 0.96064 0.096044 -0.00711 -0.06712
Nickel as Ni 0.91833 -0.04972 -0.14571 -0.06755
Iron as Fe 0.23076 0.54534 0.75821 -0.09595
Manganese as Mn 0.9011 0.092809  0.16769 -0.02189
Cadmium as Cd 0.9414 -0.12925 -0.14953 0.01495
Total Chromium as Cr 0.97702 -0.0644 -0.09372 -0.02251
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Fig. 4 PCA Scree plot of soil samples of four locations of coffee plantations

Inorganic fertilizer usage in excess will result in
the degradation of soil health*®. Soil metal pollution
is observed by geogenic and anthropogenic
processes*t. Anthropogenic activities mainly cause
soil pollution by agricultural practices, which was
observed in our study, as many metal contents were
in high quantity. Soil quality results showed a lower

level of organic carbon, which plays an essential
role in plant health. High-level of heavy metals and
macronutrient concentration in the soil indicate the
little management strategies of fertilizer applications,
which affect the plantation yield and health. Hence,
a detailed study in future on the soil quality of coffee
plantation is highly recommended.
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Fig. 5: PCA Bi-plot of soil samples of four locations of coffee plantations
Conclusion in the same area requires the utmost care for the

The water and soil quality of the four coffee plantation
locations mainly depend on some critical variables,
i.e., pH, phosphorous, nitrate, and potassium. In our
study, both in water and soil, PCA analysis confirm
the clustering and water quality and soil samples
much depend on phosphate and metal ions. Metal
ions and pH concentration relation in the soil is
substantially proved by PCA analysis. This study
confirms the depletion or contamination trend of
water and soil of the four locations of the coffee
plantations. Hence, the continuously growing crop

soil and water management.
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