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Abstract: The influence of seven rates of Sugar mill effluent (viz. 0, 5, 10 25, 50, 75 and 100 ml/kg soil) along with
control (Bore-well water, BWW) on the physical and chemical properties of soils revealed that among various
concentrations of the effluents, the irrigation with 100% effluent concentration decreased moisture content
(20.44%),WHC (13.80%), BD (4.14%) and increased pH (9.56%), EC (64.28%), ECEC (149.25%), CI (194.71%),
OC (3228.89%), HCO,(22.34%), CO,?2 (29.38%), Na* (185.48%), K* (53.40%), Ca** (1262.24%), Mg (1818.24%),
TKN (1206.36%), NO,> (80.87%), PO,*(236.04%), SO,* (72.08%), Fe?" (234.34%), Zn (317.72%), Cd (404.35%),Cu
(374.90%), Pb (645.71%) and Cr (1024.80%) in the soil when compared to control. There was a significant (P<0.001)
effect on EC, pH, CI,OC, HCO,, CO.?% Na*, K*, Ca**, Mg#, Fe**, TKN, NO,*, PO,* and SO,*, Zn, Cu, Cd, Cr and Pb
and insignificant (P>0.05) effect on moisture content, WHC and bulk density after sugar mill effluent irrigation when
compared to control. There was no momentous change in the soil texture of the soil. The enrichment factor (Ef) of
various micronutrients in the soil was recorded in order of Cr>Pb>Cd>Cu>Zn after irrigation with sugar mill effluent.
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INTRODUCTION

The disposal of wastewater is a major problem faced by
industries, due to generation of high volume of effluent
and with limited space for land based treatment and
disposal. On the other hand, wastewater is also a resource
that can be applied for productive uses since wastewater
contains nutrients that have the potential for use in
agriculture, aquaculture, and other activities (Hussain et
al., 2001). The wastewater effects on soils and crops are
of more concern to people when the irrigant is wastewater
which may contain agents capable of inducing adverse
effects on the soil media and the agricultural products.
The sugar industry is playing an important role in the
economic development of the Indian sub continent, but
the effluents released produce a high degree of organic
pollution in both aquatic and terrestrial ecosystems. They
also alter the physico-chemical characteristics of the
receiving aquatic bodies and affect aquatic flora and
fauna. Sugar mill effluent, when discharged into the
environment, poses a serious health hazard to the rural
and semi-urban populations that uses stream and river
water for agriculture and domestic purposes, with reports
of fish mortality and damage to the paddy crops. Farmers
have been using these effluents unscientifically for
irrigation, and found that the growth, yield and soil health
were reduced. Contaminants, such as chloride, sulphate,
phosphate, magnesium and nitrate, are discharged with

the effluent of various industries, which create a nuisance
due to physical appearance, odour and taste (Baruah et
al., 1993). Presently India has nearly 650 sugar mill that
produce about 15 million tons of sugar and 13 million
tons of molasses. Sugar mills account in the industries
which discharge huge amount of effluent per day without
any or partially treatment during the crushing season. It
has also been reported that sugar mill effluent contains
high magnitude of pollution load and caused adverse
effect on soil and biological system (Arindam and Prasad,
1999; Sanjay, 2005 and Ayyasamy et al., 2008). Most crops
give higher potential yields with wastewater irrigation;
reduce the need for chemical fertilizers, resulting in net
cost savings to farmers. Thus it is an important to
understand the specificity of crop-effluent liaison for their
appropriate application in irrigation practices (Vinod et
al., 2010). In recent past various studies have been made
on the characteristics of effluent of industries,
agronomical properties of various crop plants (Osemwota
etal., 2000; Gomez etal., 2001; Ramanaetal., 2002; Tse-
Ming et al., 2004; Garcia-Orenes et al., 2005; Kaushik et
al., 2005; Osemwota et al., 2005; Nastri et al., 2006; Sharif
et al., 2006; Hati et al., 2007; Roy et al., 2007; Afshin et
al., 2008; Belighet al., 2007; Bharagava et al., 2008; Chin-
Ching et al., 2008; Kannan and Upreti, 2008; Patterson et
al., 2008; Biswas et al., 2009; Chandra et al., 2009; Chopra
et al., 2009; Hassanli et al., 2009; Jeremy et al., 2009;
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Mohammadi et al., 2010; Osadebamwen, 2010; Stoecio et
al., 2010; and Vinod et al., 2010). Keeping in view the
above facts, a field experiment was conducted to study
the effect of graded doses of Sugar mill effluent
application on the physical and physico-chemical
properties of a loamy sand soil at Haridwar (Uttarakhand).

MATERIALS AND METHODS

Experimental design: A field study was conducted in
the Experimental Garden of the Department of Zoology
and Environmental Sciences, Faculty of Life Sciences,
Gurukula Kangri University Haridwar, for studying the
irrigation effect of sugar mill effluent on soil
characteristics. Pots used for the experiment was laid
under completely randomized design, replicated by six
times and was labeled for the various treatments viz. 0, 5,
10, 25, 50, 75and 100%.

Effluent collection and analysis: R.B.N.S. sugar mill,
Laksar, Haridwar (Uttarakhand) which produces sugar
as its main product from sugarcane was selected for the
collection of effluent samples. The effluents (SME) were
collected from outlet of the secondary settling tank
installed in the campus of Sugar mill to reduce the BOD
and solids using plastic container. The sugar mill effluent
was brought to the laboratory and was analyzed for
various physico-chemical and microbiological parameters
viz. TS, TDS, TSS, EC, turbidity and pH, DO, BOD, COD,
TKN, P, K*, Ca**, Mg*, CI',and HCO,” CO *, Fe, Zn, Cd,
Cu, Cr and Pb content following standard methods
(APHA, 2005).

Soil preparation, filling of pots, sampling and analysis:
The soil used was collected at a depth of 0-15 cm. Each
pot (30x30cm.) was filled with 5 Kg well prepared soil,
earlier air-dried and sieved to remove debris and mixed
with equal quantity of farmyard manure. Five Kg of soil
in each of the forty two of the pots were irrigated weekly
with 500 mL of sugar mill effluent in six concentrations
5%, 10%, 25%, 50%, 75% and 100% along with bore well
water (control). The soil was analyzed before after effluent
irrigation as per effluent concentration for various
physico-chemical following standard methods (Buurman
et al., 1996 for moisture content and EC), (Bouyoucos,
1962 for soil texture), (Carter, 1993 for bulk density, and
WHC). The soil pH was determined using glass electrode
pH meter and CI, OC, HCO,, CO,? Na*, K*, Ca*, Mg*,
Fe*, TKN, NO,*, PO, and SO, and heavy metals Zn,
Cd, Cu, Cr and Pb were determined by using standard
methods (APHA, 2005).

Heavy metals analysis: For heavy metal analysis, 5-10 ml
sample of effluent, 0.5-1.0 g. sample of air dried soil was
taken in digestion tube and add 3 mL conc. HNO, digest
on electrically heated block for 1 hour at 145° C. Then
add 4 mL of HCIO, and heated to 240° C for an additional
hour. Cool and filter through Whatman # 42 filter paper

and makeup volume 50 mL and used for analysis
following standard methods (Tan, 1996; APHA, 2005).
The enrichment factor (Ef) for heavy metals accumulated
in sugar mill effluent irrigated soil was calculated by
following (Kimand Kim, 1999).
Mean metal concentration of sample
Metal concentration of reference
Statistical analysis: Data were analyzed for one way
analysis of variance (ANOVA) for determining the
difference between soil parameters before and after
irrigation with different effluent concentration, standard
deviation, linear regression for soil parameters with
effluent concentration were also calculated with the help
of MS Excel, SPSS12.0 and Sigma plot, 2000.

RESULTS AND DISCUSSION

Characteristics of effluent: The mean £+ SD values of
physico-chemical and microbiological parameters TS,
TDS, TSS, turbidity, EC, pH, DO, BOD, COD, CI-, alkalinity,
hardness, HCO,,, CO,? Na*, K*, Ca*, Mg*, TKN, NO*
, PO%, SO %, Fe**, Zn, Cd, Cu, Pb, Cr, SPC and MPN of
sugar mill effluent are given in Table 1.

The results revealed that it was yellowish in color with
odor of sugar, alkaline in nature having pH (8.23). Among
various parameters of effluent (100%), TSS (220.00 mg L-
1), turbidity (32.56 NTU), BOD (1635.50 mg L%), COD
(2265.00 mg L1), CI - (1245.75 mg LY), alkalinity (684.50
mg L), hardness (998.50 mg L), Ca®* (835.00 mg L1),
Fe**(22.750 mg L), TKN (136.00 mg L), NO,* (782.25
mg L), MPN (6.35x10°MPN100 ml?), SPC (7.89x10°SPC
mi*) were found beyond the prescribed limit of Indian
irrigation standards (BIS, 1991). The alkaline pH (8.05)
and higher total solids (2395.00 mg L), EC (12.8 dS m?),
Na (3200.00 mg L) and COD (142.00 mgL™) indicated
the higher inorganic and organic load in sugar mill effluent
of Co-operative Sugar Mill, Rohtak, Haryana, India as
also indicated by Kaushik et al. (1996). Ayyasamy et al.
(2008) also reported the higher content of solids (1224.00
mg L), BOD (1010.00 mg L), hardness (1100.00 mg L%),
Ca(480.00 mg L), Mg (620.00 mg L) and SO,* (400.00
mg L7) inthe effluent of a Sugar industry located in Erode
district, Tamil Nadu, India.

Characteristics of soil: The mean + SD values of various
physico-chemical characteristics and heavy metals
moisture content; WHC, BD and pH, EC, CI, OC,HCO,
, CO,%Na", K*, Ca*, Mg*, Fe*, TKN, NO,*, PO,*, SO *
and Zn, Cd, Cu, Pb and Cr of the soil before and after
irrigation with different concentrations of sugar mill
effluent viz. 0% (BWW), 5%, 10%, 25%, 50%, 75% and
100% are given in the Table 2.

The recent studies by Miller and Turk (2002) have
indicated that the moisture content of soil is useful and
is an important factor which affects the pH, availability
of nutrient to plant and aeration. The moisture content

Enrichment factor (Ef) =
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and overall water content in soil at any moment are
governed by the amount of water coming and going out
from soil. Presence of large soil particles reduces the soil
moisture content. The water holding capacity is the
amount of water, which is absorbed and retained by the
given amount of soil. Water holding capacity is related
to the number and size distribution of soil pores and
consequently increases with soil organic matter level. It
is related to soil moisture content, textural class, structure,
salt content and organic matter. Bulk density of soil
changes with land use and management practices.
Fertilizer use and application of organic manure to soil
can substantially modify and lower the bulk density of
soil, which is useful for root development. Organic matter
supplied through the sludge and other kind of wastes
also lower the bulk density as stated by (Ramulu, 2001).
Charman and Murphy (1991) reported that the basic pH
of the soil is to reduce the solubility of all micronutrients
(except chlorine, boron and molybdenum), especially
those of iron, zinc, copper and manganese. The soil pH
can also influence plant growth by the pH effect on
activity of beneficial microorganisms. The acidification
results in a gradual leaching of basic cations, e.g. (Ca*,
Mg*, K*, Na*) from the uppermost horizons, leaving AI**
as the dominant exchangeable cation. Mohan et al. (2007)
found that soil having pH value 8.5 and above is expected
to have more Na in the exchange complex and when
unaccompanied by the presence of soluble salts, is
classified as an alkaline soil.

Charman and Murphy (1991) concluded that the EC of
water and waste water is due to the presence of total
dissolved solids. It is an important criterion to determine
the suitability of water and waste water for irrigation.
Soils have alkaline pH levels that are greater than 7. If
these soils have excessive amount of salts (i.e. EC >4 dS
m™) they are classified as saline soils. However if they
also contain appreciable exchangeable sodium (sodium
absorption ratio SAR >13) or exchangeable sodium
percentage (ESP) >15 they are classified as saline-sodic.
Finally if salt concentration are low (EC<4 dS m* and
SAR >13 or ESP >15) high enough to control a soil’s
chemical attributes, they are known as sodic soils.
Carter (1993) reported that ion exchange is one of the
most significant functions that occur in soils. lon
exchange is a consequence of mineral charge that is
derived from isomorphic substitution, broken edges, and
pH dependent charge sites. These charged sites are the
result of ionization (H* dissociation) or protonation of
uncharged sites; ionization results in a negative charged
site and protonation a positive charged site. Both of these
reactions are dependent on pH and are called pH
dependent charge. As the pH increases, the cation
exchange capacity of the soil is generally greater due to
an increase in the number of pH dependent charged sites.

Thompson et al. (2001) concluded that higher
concentration of bicarbonates and carbonates increases
the sodicity while their lower concentration increases
the salinity of the soil. Alkaline soil tends to have high
pH levels and significant amount of K, Ca, Na and Mg in
the soil. Patterson (2008) concluded that higher
concentration of Na causes the decrease the bulk density
as well as water holding capacity by reducing the porosity
in clay soil due to deflocculating of clay particles in
presence of higher Na content as it affects the cation
exchange capacity in the soil and it adversely affects the
seed germination and plant growth. Effluent irrigation
generally adds significant quantities of salts to the soil
environment, such as sulfates, phosphates, bicarbonates,
chlorides of the cations sodium, calcium, potassium and
magnesium.

Miller and Turk (2002) reported that potassium, K* is a
very soluble cation in soil solution, yet it moves only
slowly in soils. The K ions, on being adsorbed by the
colloids, displace some other ions such as Ca, Mg or Na.
The soil cation exchange sites attract potassium ions
from water, reducing the potassium maobility through soil.
Nitrate is the most essential and available form of nitrogen
to plants because plant roots take up nitrogen in the
form of NO_> and NH,*. The overall increase in nitrogen
is due to the use of wastewater, which contains higher
amount of nitrogen. When nitrate input exceeds the soil
nitrate immobilization potential, a state of N-saturation is
said to exist (Aber et al., 1998; Agrenet al., 1998 and Al-
Harbi, 2008).

Mohammad and Khan (1985) reported that various
concentration (25%, 50%, 75% and 100%) effluent of the
Mohan Meak & Breweries Ltd., Ghaziabad, UP, India
(MMBL) rich in ammonia nitrogen, nitrate-nitrogen,
phosphorus and potassium, so that its application to the
soil increased the available nutrients in the soil. The upper
soil had high values of N, P, K and organic matter
compared with the lower soil in the pots used. The pH of
the soil decreased gradually with increasing
concentration of the effluent. Depletion was noted in the
CaCO, content of the soil irrigated with 100% and 75%
effluent, while it increased with 25% and 50% effluent.
The highest perturbance was observed in the available
potassium of the soil, when 100% effluent was used for
irrigation followed by 75%, 50% and 25%, and the values
of organic matter, ammonia-nitrogen and phosphorus also
increased significantly. Mohammad and Khan (1985)
reported that the various concentration (25%, 50%, 75%
and 100%) effluent of the Modi Textile Factory Ltd.
Modinagar, UP (MTF) increased the electrical
conductivity, cation-exchange capacity, pH, NH_-N,
phosphorus, organic matter extractable Na*, K*, Ca®* and
Mg?* of the soil. The greatest changes were recorded
with 100% effluent, the most marked increase being in
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the organic matter of soil, followed by NH_-N, Na*, K*,
Ca®* and Mg?* of the soil.

Kaushik et al. (2005) reported that long term application
of PME proved useful in significantly increasing TOC,
TKN, K, P and soil enzymatic activities in the soil but
tended to build up harmful concentration of Na, that
could be chelated by bioamendments. In short terms
studies, application of 50% PME along with
bioamendments proved to be the most useful in
improving the properties of sodic soil.

Beligh Mechri (2008) reported that olive mill wastewater
irrigation in agriculture, provided that its impact on soil
and plant in Mediterranean countries. The influence of
agronomic application of Olive mill wastewater (30, 60,
100 and 150 m?ha*) significantly increase in organic C,
C/N ratio, extractable phosphorus and exchangeable
potassium. Biswas (2009) reported that the use of distillery
effluent, a waste by-product of distillery industries as
irrigation water or as a soil amendment showed significant
effect on soil organic carbon of Vertisol. Jeremy et al.
(2009) observed that variability of soil pH, organic matter
(OM), cation exchange capacity (CEC), total nitrogen
(TN), total phosphorus (TP), available phosphorus and
available potassium on Cambosols and Anthrosols in
Zhangjiagang County, China due to increase the annual
application of N fertilizer and P fertilizer rates. Fertilizer
input rates are causing nutrient imbalances, contributing
to acidification in Anthrosols, and decreasing C/N ratios.
Mohammadi et al. (2010) concluded that the use of paper
mill lime sludge as a soil amendment in an acidic soil was
significantly increased pH, which was proportional to
the application rate of paper mill sludge. The application
of 2% sludge (based on soil dry mass) remarkably
increased shoot dry matter and P, K, Fe, Mn, K and P
uptake. Osadebamwen (2010) observed that the soil was
treated with seven rates of abattoir effluent (viz. 0, 25, 50,
100, 125 and 150 ml/kg soil), the effluent application
increased pH, available P and micronutrients (Zn, Mn
and Fe) significantly in the soil whilst exchangeable
cations were reduced significantly when compared to
the control.

Moisture content, Soil texture, WHC and BD: During
the present study, the soil moisture content was
decreased (67.38 to 53.61%) on irrigation with different
concentrations of the SME. The increasing dose of
effluent considerably reduced the bulk density of the
surface soil (Table 4). The BD was minimum (1.39 g cm?)
in 100% of SME followed by 75%, 50%, 25%, 10% and
5%. The BD was maximum (1.45 g cm?) in control, which
was insignificantly different (P >0.05) with the
concentrations of SME. The available water content
varied from the control soil 48.23% to 41.57% with 100%
concentration of SME (Table 2). The ANOVA analysis on
data showed that the soil moisture content, WHC and
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Table 3. Regression linear equation relating added R.B.N.S. sugar mill effluents to soil characteristics.

Effluent/soil characteristics Regression equation R?

Sugar mill effluent versus soil moisture content y = 65.957-0.1402x 0.889
Sugar mill effluent versus soil WHC y = 47.254-0.0635x 0.884
Sugar mill effluent versus soil BD y = 1.4481 -0.0007x 0.952
Sugar mill effluent versus soil pH y =7.6057 + 0.0071x 0.943
Sugar mill effluent versus soil EC y =2.4887 + 0.0112x 0.799
Sugar mill effluent versus soil ECEC y=10.773 + 0.1647x 0.923
Sugar mill effluent versus soil CI y=117.35 + 1.7689x 0.831
Sugar mill effluent versus soil OC y =3.3953 + 0.1221x 0.895
Sugar mill effluent versus soil HCO3 y =390.91 + 0.7327x 0.950
Sugar mill effluent versus soil CO5? y = 230.39 + 0.695x 0.986
Sugar mill effluent versus soil Na* y = 23.345 + 0.3102x 0.945
Sugar mill effluent versus soil K* y = 181.6 + 0.6576x 0.734
Sugar mill effluent versus soil Ca®* y = 24.261 + 1.9663x 0.987
Sugar mill effluent versus soil Mg®* y =3.2074 + 0.3166x 0.980
Sugar mill effluent versus soil TKN y =48.682 + 4.0102x 0.985
Sugar mill effluent versus soil NO5* y =39.086 + 0.3319x 0.989
Sugar mill effluent versus soil PO,> y =79.813 + 1.1461x 0.865
Sugar mill effluent versus soil SO,* y =76.113 + 0.5814x 0.954
Sugar mill effluent versus soil Fe** y = 3.554 + 0.0619x 0.923
Sugar mill effluent versus soil Zn y=1.2762 + 0.0238x 0.800
Sugar mill effluent versus soil Cd y =0.094 + 0.0017x 0.811
Sugar mill effluent versus soil Cu y =3.2144 + 0.0768x 0.857
Sugar mill effluent versus soil Pb y =0.0507 + 0.0025x 0.883
Sugar mill effluent versus soil Cr y = 0.155 + 0.0128x 0.984

BD was recorded to be insignificantly (P>0.05) affected
with different concentration of SME in comparison to
control irrigated soil (Table 2). The regression equation
and R? value, 88%, 88% and 95% of the variation in soil
moisture, WHC and BD content was represented for by
SME (Table 3). During present study, the soil
characteristics have been found to change on irrigation
with SME. It was observed that the soil particle size
depicted that the experimental soil was of loamy sand
type (Table 3). This reduction in BD was due to higher
organic matter content in the treatments where SME was
added in higher doses. Haynes and Naidu (1998) and
Celik (2005) also reported a reduction in BD with addition
of organic matter. The BD showed insignificant (P >0.05)
and negative linear relationship with the soil organic
carbon. Weil and Kroontje (1979) also observed a
negative linear relationship between soil organic matter
content and BD on a soil amended with increasing rates
of poultry manure application. Webber (1978) and Weil
and Kroontje (1979) have reported increased retention
of soil water with an increase in waste application rate.
An increased WHC at low tensions such as FC was
primarily due to increased number of small pores caused
by the improvement in aggregation in the soil (Haynes
and Naidu, 1998).Treatment differences had not shown
any significant effect on the WHC. The moisture content
of soil is useful and an important factor which affects the
pH, availability of nutrient to plant and aeration. The
moisture content and overall water content in soil at any
moment are governed by the amount of water coming

and going out from soil. Presence of large soil particles
reduces the soil moisture content (Khaleel et al., 1981;
Miller and Turk, 2002). Water holding capacity is related
to the number and size distribution of soil pores and
consequently increases with soil organic matter level. It
is related to soil moisture content, textural class, structure,
salt content and organic matter. Barzegar et al. (2002)
found that water content of soils did not change with the
rate and type of organic matter. Organic matter supplied
through the sludge and other kind of wastes also lower
the bulk density as stated by (Ramulu, 2001). The
decrease in moisture content from control irrigated soil
(45.33%) t0 (38.67%) in 100% concentration of paper mill
effluent irrigated soil was also reported earlier by (Vinod
etal., 2010).

pH and EC: During the present study the soil pH was
recorded initial level (7.53) alkaline and it was turned to
more alkaline (8.25) with 100% concentration of SME.
The effluent concentration 50%, 75% and 100% of SME
showed significant (P<0.05) effect on soil pH in
comparison to control soil (Table 2). The regression
equation and R? value, 94% of the variation in soil pH
was recorded for by SME (Table 3). Soil pH change to
alkaline with application of SME significantly. High
buffering capacity of the clay soil and nominal presence
of any weak salts namely carbonates or bicarbonates,
which on dissolution release free cations, might be the
possible causes for the stability of the soil reaction. This
is the pH range of maximum nutrient availability in the
soils (Brady and Weil 2005). The pH levels that resulted
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Fig.1. Enrichment factor of various micronutrients in soil after irrigation with R.B.N.S. sugar mill effluent.

from the different levels of pollution appeared favourable
to both biological and chemical reactions in the soils
(Brady and Weil 2005).

The increase in the rate of application of effluent
significantly (P<0.001) increased the EC of the soil (Table
2). It was recorded to be significantly different with 5%
to 100% concentration of SME in comparison to control
soil. The effluent treated plots registered significantly
higher EC (3.45 dS m™) than control (2.10 dS m'?) this was
due to very high salt load (8.65 dS m*) EC of the SME.
The regression equation and R? value, 79% of the
variation in soil EC was recorded for by SME (Table 3).
Similar findings were also reported by Chonker et al.
(2000) and Raverkar et al. (2000). The increase in EC from
control irrigated soil (1.03 dS m™) to (2.26 dS m) in 100%
concentration of paper mill effluent irrigated soil was also
reported earlier by (Vinod et al., 2010).

Effective cation exchange capacity: The ECEC was
increased in the SME irrigated soil were increased
significantly from initial level 12.00-29.91 cmol Kg*in
100% of SME. The ECEC of the SME irrigated soil was
found to be significantly (P<0.001) different with 50% to
100% concentrations of SME (Table 2). The regression
equation and R?value, 92% of the variation in soil ECEC
was recorded for by SME (Table 3). The decrease in ECEC
from (7.71-3.19 cmol Kg?) was recorded in abattoir effluent
irrigated soil by Osadebamwen (2010).

Chlorides: The chlorides in the SME irrigated soil were
increased with the effluent concentration increased. The
SME concentrations 5, 10, 25, 50, 75 and 100% showed
significant (P<0.001) effect on chlorides of the soil in
comparison to control soil (Table 2). The regression
equation and R? value, 83% of the variation in soil
chlorides was recorded for by SME (Table 3). Chlorides
inthe SME irrigated soil were increased significantly from
initial level 89.43-263.56 mg Kg™ in 100% of SME. The
increase in chlorides from control irrigated soil (32.32 mg

Kg?) to (50.87 mg Kg?) in 100% concentration of paper
mill effluent irrigated soil was also reported earlier by
(Vinodetal., 2010).

Organic carbon: The organic carbon content of the soil
increased considerably with the application of SME. It
increased from an initial level of 0.45-14.98 mg Kg* in
100% of SME. The soil organic carbon was found to be
significantly (P<0.001) different with 5% to 100%
concentrations of SME (Table 2). The regression equation
and R? value, 89% of the variation in soil organic carbon
was recorded for by SME (Table 3). Addition of organic
matter through effluent and better crop growth with
concomitant increase in root biomass could be the
probable reasons for the improvement in organic carbon
content particularly in high SME treated plots. The results
of Zalawadia and Raman (1994) and Pathak et al. (1999)
support these findings.

Bicarbonates and carbonates: The bicarbonates and
carbonates content of the soil increased significantly with
the appliance of SME. It increased froman initial level of
383.64—-469.36 mg Kg*and 229.65-297.12 mg Kg* in 100%
of SME respectively .The effluent concentration 10% to
100% of SME showed significant (P<0.001) affect on
bicarbonates and carbonates in the SME irrigated soil
(Table 2). The content of bicarbonates in the soil was
also recorded significantly different with 5%
concentration of SME. The regression equation and R?
value, 95% and 98% of the variation in soil bicarbonates
and carbonates were recorded for by SME (Table 3).
Clays, organic matter oxides of Al and Fe, Ca and Mg
carbonates are the components responsible for pH
buffering in most soils. The soil pH can also influence
plant growth by the pH effect on activity of beneficial
microorganisms. Most nitrogen fixing legume bacteria is
not very active in strongly acidic soils. Bacteria that
decompose organic matter and thus release nitrogen and
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other nutrients for plant use are also hindered by strong
acidity.

Exchangeable sodium, potassium, calcium and
magnesium: On irrigation with of SME the exchangeable
sodium, potassium, calcium and magnesium were found
to be changed with different concentrations of the
effluent. The effluent concentrations 10%, 25%, 50%, 75%
and 100% of PME showed significant (P<0.001) change
in the content on Na, K, Ca and Mg in comparison to
control soil. It was quite interesting to note that the
content of K and Ca were also recorded to be significantly
(P<0.001) different with 5% concentration of SME (Table
2). The regression equation and R? value, 94%, 73%, 98%
and 68% of the variation in soil Na, K, Ca and Mg were
found for by SME (Table 3). The content of exchangeable
sodium, potassium, calcium and magnesium were
increased significantly from an initial (control) level of
18.81-53.70 mg Kg, 155.34-238.29 mg Kg*, 15.36-209.24
mg Kg?and 1.70-32.61 mg Kg* in 100% of SME
respectively. The increase in Na, K and Ca from control
irrigated soil (42.86 mg Kg*, 129.29 mg Kg*, 51.05 mg Kg
N to (59.49 mg Kg?, 146.83 mg Kg'and 60.59 mg Kg?)
respectively in 100% concentration of paper mill effluent
irrigated soil was also reported earlier (Vinod etal., 2010).
Total nitrogen, nitrate, phosphate and sulphates: The
content of total nitrogen, nitrate, phosphate and
sulphates were increased significantly from an initial
(control) level of 32.21-420.78 mg Kg*, 39.32-71.12 mg
Kg?, 53.00-178.10 mg Kgand 74.37-127.98 mg Kg!in
100% of SME respectively. The effluent concentrations
25%, 50%, 75% and 100% of SME showed significant
(P<0.001) change intotal nitrogen, nitrate, phosphate and
sulphates of the soil. It was quite interesting to note that
the total nitrogen and phosphate of soil were also
recorded to be significantly different with 5% and 10%
concentration of SME. The regression equation and R?
value, 98%, 98%, 86% and 95% of the variation in soil
TKN, nitrate, phosphate and sulphates was found for by
SME (Table 3). The increase in nitrate, phosphate and
sulphate from control irrigated soil (31.01 mg Kg*, 11.96
mg Kg*and 41.41 mg Kg?) to (42.31 mg Kg?, 19.53 mg
Kgtand 52.02 mg Kg?) respectively in 100%
concentration of paper mill effluent irrigated soil was also
reported earlier (Vinod et al., 2010).

Micronutrients: The concentration of micronutrients viz.
Fe, Zn, Cd, Cu, Pb, and Cr were recorded to be
significantly (P<0.001) affected with 25% to 100%
concentration of SME. The content of Fe, Zn, Cd, Cu,
and Cr were found to be significantly (P<0.001) different
with 10% concentration of SME irrigated soil. It was quite
interesting to note that the content of Fe, Cd, and Cu,
were also found to be significantly (P<0.001) different
with 5% concentration of SME irrigated soil (Table 2).
The regression equation and R? value, 92%, 80%, 81%,

85%, 88% and 98% of the variation in soil Fe, Zn, Cd, Cu,
Pb, and Cr were recorded for SME (Table 3). Among the
micronutrients the maximum enrichment factor (Ef) was
shown by Cr (11.24) while the minimumby Zn (4.18) and
itwas in order of Cr>Pb>Cd>Cu>Zn after irrigation with
SME (Fig.1). Under acidic conditions, elements such as
iron, aluminium, manganese and the heavy metals (zinc,
copper, and chromium) become highly soluble and may
create problems for vegetation (Charman and Murphy,
1991). The content of Fe, Zn, Cd, Cu, Pb and Cr were
increased significantly with the application of SME. It
increased froman initial (control) level of Fe (2.65-8.86
mg Kg?), Zn (0.790-3.300 mg Kg?), Cd (0.046-0.232 mg
Kg?), Cu(2.028-9.631 mg Kg?), Pb (0.035-0.261 mg Kg?)
and Cr (0.125-1.406 mg Kg!) to 100% of SME irrigated
soil. This is in agreement with what was reported by other
workers that organic wastes contain high amounts of
macro and micronutrients (Roy et al., 2007; Chandra et
al., 2009).

Conclusion

The present study concluded that the effluent of the
R.B.N.S. sugar mill, Laksar, Haridwar (Uttarakhand)
decreased the moisture content WHC, and bulk density
and increased the pH, EC, CI, OC, HCO,, CO,? Na*, K",
Ca*, Mg*, Fe*", TKN, NO *, PO,*, SO,* and Zn, Cd, Cu,
Pb and Cr of the soil. The micronutrients such as Fe, Zn,
Cd, Cu, Pb and Cr were also recorded higher in the soil
irrigated with SME which may lead to toxicity of soil at
higher concentration in comparison to control. The results
indicated that nutrients and trace elements of sugar mill
effluent irrigation contributed significant changes to the
soil quality and affected the natural composition of the
soil. Such alterations improved the fertility and enhanced
the nutrients status of soil after effluent irrigation. Thus,
effluent irrigation improved the soil nutrient status. All
effluent concentrations were better than the control in
nutrient accumulation. The enrichment factor (Ef)
indicated the accumulation of various micronutrients in
the soil after SME irrigation. The order of enrichment
factor (Ef) of various heavy metals Cr>Pb>Cd>Cu>Zn
were recorded in the soil after irrigation with SME. Thus
application of SME to the agricultural field, as an
amendment, might be a viable option for the safe disposal
of this industrial waste with concomitant improvement
in physical properties of the soil and enhancement in
yield. However, the level of application should be within
the prescribed limit to avoid development of soil salinity/
sodicity in the long run.
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