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Abstract

The use of sawage dudgein agricultureisbeing considered as one of the method for recycling of wastein an environmental
beneficial manner. Sewage sludge, due to its acidic nature, high organic matter and heavy metals content, had more
impact on soil properties. To study the changesin the sel ected physical and biological properties and accumulation and
mobility of heavy metalsdueto continuous use of sewage dudge, afield experiment was started in year 2000 to evaluate
thelong-term effect of sewage sludge with or without farmyard manure under pearlmillet (PennisetumglaucumL.) (cv.
GHB-526) and Indian mustard (Brassica juncea L. Czernj and Cosson) (cv. GM-2) crops sequence. The sewage sludge
@10 and 20 tonnes/ha, farmyard manure @ 10 tonnes/ha and farmyard manure + sewage sludge @ 10+2.5, 10+5 and
10+10 tonnes/ha were applied to pearlmillet in kharif for direct effect and their residual effect was studied on Indian
mustard during rabi in randomized block design keeping three replications. Use of sewage sludge increased the heavy
metal contentsin surface soil aswell as plant. The DTPA-extractable heavy metals were higher in sewage sludge than
farmyard manure + sewage sludge or farmyard manure treated soil. The farmyard manure + sewage sludge application
reduced bulk density and increased saturated hydraulic conductivity, microbia biomass carbon (MBC), microbia biomass
nitrogen (MBN) and dehydrogenase activity (DHA) significantly. The microbia activity was decreased by sewage
sludge alone compared to farmyard manure + sewage sludge or farmyard manure. The farmyard manure and sewage
sludge applicationswere also found beneficial inincreasing yield and quality of grain asdirect effect on pearlmillet and
asresidual effect on succeeding Indian mustard. Application of farmyard manure together with sewage sludge exhibited
mitigating effect by lowering the contents of trace and heavy metalsin both the crops.
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Introduction

The agricultural use of sewage sludge is widely

aregenerally poor in mineralswith high cation exchange
capacity and are low in organic matter, sewage sludge

recommended, sinceit containsorganic matter anditrich
macro and micronutrients (Meenaet al., 2008; Meena et
al., 2013). Sewagesdudgeisaresiduefrom domestic and
industrial wastewater treatment. Increasing costs of
commercial fertilizersand largeamounts of sewagesudge
produced worldwide have made agriculture land
application of thisresidue an attractive disposal option.
When sewage sludge is applied to soil, it causes
alterations in the structure and functioning of the
agroecosystems; one of the most sensitive components
inthe microbial community in soil health. Chemical and
biological composition of sewage sludge changes with
seasons (Maiti et al., 1992) and pollutants with sources
(Brady and Weil, 2002). Usually, itisrichin organic matter
and plant nutrients such as nitrogen, phosphorus and
calcium (Beri and Gupta, 2003) and can improve sail
physical, chemical and biological properties, such as
porosity, aggregate stability, bulk density, soil fertility,
water movement and retention. In thetropics, where soils

could beanimportant soil amendment (Golui et al., 2016).
A problem to be solved is the management hazardous
constituents, such as heavy metals, among them
cadmium, cobalt and persistent organic pollutants
normally present in sewage sludge. These may cause
soil and water pollution and toxicity to crops, animals
and humans, affecting thefood chain (Rattan et al., 2002;
Patel and George, 2005; Golui et al., 2014). The heavy
metal concentrations in sewage sludge vary widely,
depending on the origin of the sludge and on the
processes of treatment in the sewage treatment plant; its
uptake by plants depends on the form in the soil and on
the plant species. Considering that the aim of this work
wasto estimatethe effect of rates of application of sawage
sludge produced by effluent treatment plant (ETP) with
or without farmyard manure on the soil physical and
biological properties and distribution of heavy metals at
different depth of the soil.



Materialsand Methods

A field experiment was started in year 2000 with
application of farmyard manure and sewage sludge at
Agronomy Farm, B.A. College of Agriculture, Anand
Agricultural University (AAU), Anand. The soil was
contaminated due to sewage sludge application under
pearlmillet — cabbage cropping sequence and the same
was utilized for further study to generate information on
long-term effect of sewage sludge application on crops
yield, quality and soil physical and biological properties
under pearlmillet (Pennisetum glaucum L.) — Indian
mustard (Brassicajuncea L. Czernj and Cosson) cropping
sequence. A sandy loam soil (clay, 6.70%; silt, 14.0%;
sand, 79.30% in O to 15 cm) classified as a Typic
Haplustept, was used for applying sewage sludge with
or without farmyard manure under pearlmillet- Indian
mustard cropping sequence. It was akaline in reaction
with pH 8.6, non-saline with electrical conductivity of
0.17 dS/m and organic carbon content was 3.10 g/kg. The
treatments of sewage sludge (10 and 20 tonnes/ha),
farmyard manure (10 tonnes/ha) and farmyard manure +
sewage sludge (10+2.5, 10+5 and 10+10 tonnes/ha) were
appliedto pearlmilletin kharif for direct effect and residual
effect was studied on succeeding Indian mustard in rabi
with randomized block design keeping threereplications.
Sewage sludge was obtained from the sewage treatment
plant located in Ahmedabad. The farmyard manure
collected fromlocally available at Anand, Gujarat had the
average chemical compositiongivenin Table 1.

Table 1: Average chemical composition of sewage sludge
and farmyard manure
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Sewage sludge and farmyard manure were spread on the
soil surface annually and incorporated into the top layer
before 15 days of sowing date. The recommended doses
of N, PandK (pearlmillet: 80-40-0, mustard: 50-50-0) were
kept commoninall thetreatments. Dataonyield attributes,
yield and oil content of crop grainswere recorded as per
standard procedures. Protein content of grain of both
pearlmillet and Indian mustard was worked out by
multiplying nitrogen content with a factor of 6.25 as
suggested by Guptaet al. (1972). The plant sampleswere
analyzed with standard methods as proposed by Jackson
(1973). Important soil physical propertieslike bulk density
and saturated hydraulic conductivity, chemical properties
i.e. organic carbon (OC), DTPA (Diethyleme Triamine
Penta Acetic Acid) extractable heavy metals as well as
biological propertieswere determined as per the standard
methods givenin Table 2.

Resultsand Discussion
Soil Properties
Organiccarbon

The data on organic carbon content as influenced by
farmyard manure and sewage dudge application aregiven
in Table 3. The results revealed that application of
farmyard manure and sewage sludge improved organic
carbon status of soil significantly at all the depths of soil
profileover NPK. Thehighest organic carbon (4.62 g/kg)
content was noted at 0-15 cm under 10 tonnes farmyard
manure + 10 tonnes sewage sludge/ha which was on par
with rest of the organic treatments. Organic carbon
content showed no change at 30-45 cm depth. The
improvement in soil organic carbon could be aresult of

Parameters Sewage sludge Farmyard manure direct addition of organic matter through farmyard manure
Total C (%) 144 112 and sewage dudge aswell asitsbeneficial effect on crop
Total N (%) 135 052 roots aswell as on total microbial bio-mass of soil. The
Total P(%) 070 043 tropical/subtropical climate might have not favoured
Total K (%) 035 048 strong build-up in organic carbon inspite of having
cd (mg/kg) 530 105 addition of large quantity of organic matter over yearsin
Co (mg/kg) 104 040 the soil. However, the organic carbon build-upin 0-15cm
Ni (mg/kg) % 990 soil layer was comparatively higher than the
Pb (mg/kg) 20 187 corresponding organic carbon level at other depths. The
Cr (mglkg) 134 460 build-up of organic carbon in soil is attributed to higher
organicloadingin the soil dueto application of farmyard
Table 2: Methods of soil analysis
Parameter Extraction method Reference
Organic carbon (OC) wet oxidation method Walkley and Black (1934)
Available heavy metals 0.005M DTPA (pH7.3) Lindsay and Norvell (1978)
Bulk Density Core sampler method Blakeand Hartage (1986)
Hydraulic conductivity Saturation method Kluteand Dirkson (1986)
Microbial biomass carbon (MBC) and Fumigation method(0.5M K,SO,) Jenkinson and Powlson (1976)

Microbial biomassnitrogen (MBN)
Dehydrogenase activity

Formation of triphenyl formazon (TPF)

Kleinetal. (1971)
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Table 3: Effect of farmyard manure and sewage sludge on organic carbon and DTPA- heavy metals (mg/kg) distribution

at different soil depth (cm) after mustard

Treatments OC (g/kg) Cd Co

015 1530 3045 015 1530 3045 015 1530 3045
Control (NPK) 286 230 180 008 0.16 009 0.8 024 023
10tF 410 230 190 0.89 023 012 029 042 033

10tF+25tSS 435 250 210 135
10tF+5.0tSS 457 270 230 133
10tF+10tSS 462 310 230 158

10.0tSS 423 240 220 143
20.0tSS 445 300 220 191
LSD (P=0.05) 060 005 NS 044

0.23 0.15 031 044 0.28
0.23 0.18 0.32 043 0.29
0.26 021 033 042 033
0.26 0.19 0.32 045 0.36
0.28 023 0.4 046 0.37
NS 0.06 0.10 0.09 NS

manure and sewage sludge. These findings are in
conformity with the work of Antolin et al. (2005) and
Meenaet al. (2006).

Heavy metals

The heavy metals contents of different depth of soil as
influenced due to farmyard manure and sewage sludge
application after pearlmillet—mustard cropping sequence
are presented in Table 3 and 4. It was clearly observed
that the contents of DTPA-extractable heavy metalsviz.
Cd and Coweresignificantly increased dueto application
of sewage sludge with or without farmyard manure at
different depthsat the end of the sequence. The contents
of heavy metalswereincreased with increasein rates of
sewage sludge application. Application of sewage sludge
@ 20tonnes/harecorded maximum valuesof DTPA-heavy
metals at all the soil depths. The accumulation and
released of Cd in sludge amended soils under varying
moisture and temperature were reported by Golui et al.
(2015). In case of Cd, the highest valuewasrecorded at O-
15cm (1.91 mg/kg), 15-30 cm (0.28 mg/kg) and 30-45cm
(0.23 mg/kg) under sewage sludge @ 20 tonnes’ha
application.

The Co content in soil also increased with increase in

rate of sewage sludge application. Similarly farmyard
manure application enhanced overall contents of Co over
control at different soil depths. The similar trend was
observed with other heavy metals (Ni, Pb and Cr) dueto
application of sewage sludge and farmyard manure in
different soil layers. The correlation coefficient also
confirmed the positive association of organic carbonwith
DTPA-Cd(r =0.842**) and Co (r = 0.951**). Thesimilar
resultswerein case of Ni, Pb and Cr after mustard. These
resultsarein agreement with those reported by Chaudhuri
etal. (2003) and Usmanet al. (2004). Ingenerd, theexterna
addition of metal in water soluble form finds its way
towards the pool which is more easily enriched. Time
becomesafactor for relative distribution of heavy metals
among the fractions. Accordingly, relatively wider
changesin per cent distribution in different formsof heavy
metals after mustard could be attributed to less time
availablefor equilibrium.

Bulk density

The results of soil physical propertiesviz., bulk density
(BD) and hydraulic conductivity as influenced by the
treatments are presented in Table 5. The BD of surface
soil was reduced due to farmyard manure and sewage
sdudgeappliedto kharif pearlmillet. A significant reduction

Table4: Effect of farmyard manure and sewage sludge on DTPA-heavy metals (mg/kg) distribution at different soil depth

(cm) after mustard

Treatments Ni 0] Pb

015 1530 3045 015 1530 3045 015 1530 3045
Contral (NPK) 040 031 022 085 019 025 102 141 085
10tF 044 045 032 153 133 047 149 155 158

10tF+25tSS 047 045 032 129
10tF+50tSS 039 042 037 132
10tF+10tSS 048 043 037 137
10.0tSS 048 044 036 231
20.0tSS 048 047 044 253
LSD (P=0.05) NS 010 015 068

129 047 175 170 170
132 043 171 175 155
13# 024 195 153 162
139 049 199 161 151
155 051 19 182 160
045 022 0.65 NS 062
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Table5: Effect of farmyard manure and sewage sludge on surface soil properties (0-15 cm) after mustard

Treatments Physical Biologicd
BD (Mg/m?) HC (crm/hr) MBC (1g/g) MBN (ug/g) DHA(ug TPF/g/24 hr)

Contral (NPK) 140 142 213 34 87
10tF 136 162 3n 50.7 14
10tF+25tSS 134 165 36 585 120
10tF+5.0tSS 132 168 36 570 124
10tF+10tSS 129 172 337 54.6 119
10.0tSS 135 161 263 453 106
20.0tSS 133 169 242 17 92
LSD (P=0.05) 04 0.10 b 48 0.7

in BD was observed under the highest rate of sewage
sludge @ 20 tonnes sewage sludge/ha (1.33 Mg/m®)
followed by 10 tonnes farmyard manure + 5.0 tonnes
sawage sludge/ha (1.32 Mg/mé) over NPK (1.40 Mg/m?),
while the effect of farmyard manure alone was non-
significant. Further, the maximum reduction in BD was
noticed under 10 tonnes farmyard manure + 10 tonnes
sewage sludge/ha(1.29 Mg/m?®) which was at par with
rest of treatments, while maximum BD wasrecorded under
NPK (1.40 Mg/m?®) treatment. Application of farmyard
manure and sewage sludgeincreased organic carbon and
aggregate stability, resulting in a decrease in the BD of
soils. This has been confirmed by significant negative
correlation between organic carbon and BD of soil (r= -
0.752*). Reductionin BD dueto sewage dudgeapplication
has earlier been reported by Veeresh et al. (2003).

Hydraulic conductivity

Addition of organic matter reduces bulk density and
thereby increases macro and micro pores of soil, which
improve the hydraulic conductivity of soil. The results
given in Table 5 showed that application of 10 tonnes
farmyard manure + 10 tonnes sewage sludge/ha caused
significantly higher saturated hydraulic conductivity of
soil (1.72 c/hr) than NPK (1.42 cm/hr). The highest
improvement in saturated hydraulic conductivity was by
21 per cent recorded under 10 tonnesfarmyard manure +
10 tonnes sewage sludge/haover control, which was on
par with other farmyard manure and sewage sludge
combinations.

In general, saturated hydraulic conductivity of soil
increased with increasing rates of farmyard manure and
sewage sludge application. The farmyard manure
application also significantly increased saturated
hydraulic conductivity over control asrevealed fromthe
data given in Table 5. This has been proved by the
significant negative correl ation between bulk density and
saturated hydraulic conductivity (r =-0.914**). Garciaet

al. (2005) and Moffet et al. (2005) reported that the
addition of organic matter reduces bulk density and
thereby increases macro and micro pores of soil, which
improve the saturated hydraulic conductivity of soil.

Soil microbial biomass

Microbial biomass carbon (MBC) and microbial biomass
nitrogen (MBN) constitutes a transformation matrix for
organic matter in asoil and act as an active reservoir for
plant available nutrients. Microbial biomass carbon
responds much more rapidly than does the total organic
matter to any change in eco-system and thus, its
measurement is a valuable tool for understanding and
predicting the effect of farmyard manure and sewage
sludge. It is well known fact that addition of farmyard
manure or any organic material changes microbial
population in the soil. The results of this study (Table 5)
reved ed that MBC and MBN weresignificantly influenced
by farmyard manure aswell as sewage sludge applied to
kharif pearlmillet. The improvement in MBC and MBN
was by 72 and 75 per cent, respectively dueto 10 tonnes
farmyard manure + 2.5 tonnes sewage sludge/ha over
NPK (213 and 33.4 ug/g, respectively) whichwasat with
other combinations of farmyard manure and sewage
sludge.

TheMBC and MBN were significantly decreased under
sewage sludge application alone over combined
application at all therates of application. Inan evaluation
of the effect of sludge on the biomass, Chander and
Brookes (1991) reported that the microbial biomass
decreased in soils treated with sludge that was rich in
heavy metals and that the reduction was greater in sandy
than in clayey soils. Similar results were also observed
by Khan and Scullion (2000).

Soil enzymatic activity

Dehydrogenase is a metabolic enzyme used to measure
the metabolic activity of soil biomass. It is reflects the
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total range of oxidative activity of soil microflora and
conseguently may be a good indicator of microbial
activity. The sewage sludge and farmyard manure
increased dehydrogenase activity (DHA) during the
experiment at maturity stage of mustard under pearlmillet—
mustard sequence during 2006-07. The DHA values
ranged from 8.7 to 12.4 ug TPF/g soil/24 hr in the surface
soil due to the different treatments. The DHA values
significantly differed due to sewage sludge with or
without farmyard manure and the effect of rates was at
par. The highest improvement (77%) in DHA wasrecorded
under 10 tonnes farmyard manure + 10 tonnes sewage
sludge/ha, which was at par with other combinations of
sawage sludge and farmyard manure. The results also
indicated that sewage sludge application without
farmyard manure caused less increase in DHA (10%)
under 20 tonnes sewage sludge/ha as shown in Table 5.
Several anthropogenic factors might affect enzymatic
activity in the soil, and the major problems would be
associated with the presence of heavy metals, salts and
pesticides, which are components of sewage sludge
(Gianfredaand Bollag, 1996).

Yield and quality of crops

Grain and straw yield of pearlmillet was affected
significantly dueto farmyard manure and sewage sludge
application. The highest grain yield was observed under
the treatment 10 tonnes farmyard manure + 10 tonnes
sewage sludge/ha (1.16 tonnes’ha) and the percentage
improvement over control (0.70 tonnes/ha) was upto 66.
However, it was comparable with that of 10 tonnes
farmyard manure + 5 tonnes sewage sludge/ha (1.13
tonnes/ha). Application of farmyard manure or sewage
dudge alone also increased the grain yield significantly
over control (Table6). Theresultsindicated that farmyard
manure + sewage sludge application could supply more
of the nutrients to plants for better growth and yield

(Gondek, 2005). The straw yield was also improved
significantly over control dueto combined application of
farmyard manure and sewage sludge, like grain, the
highest straw yield (2.91 tonnes’ha) was noted with the
application of 10 tonnes farmyard manure + 10 tonnes
sewage sludge/ha and the percentage improvement over
control wasto the tune of 38. Thiswasfollowed by that
of 10tonnesfarmyard manure + 2.5 tonnes sewage dudge/
ha(2.72 tonnes’ha). Theincreaseinyield of cropsdueto
farmyard manure and sewage sludge application hasalso
been reported by some other workers (Antolin et al., 2005
and Mohammad and Athamneh, 2004).

Themaximum improvement in mustard seed yield wasby
18 per cent under 10 tonnesfarmyard manure + 10 tonnes
sewage sludge/haover control (1.47 tonnes’ha) foll owed
by 10 tonnesfarmyard manure + 5 tonnes sewage sudge/
ha (1.71 tonnes/ha). The results revealed that yield
improvement was higher when sewage sludgewas applied
together with farmyard manurethan their sole application.
The effect of the treatments on straw yield also depicted
similar trend where highest yield (5.42 tonnes/ha) was
recorded under 10 tonnes farmyard manure + 10 tonnes
sewage sludge/hatreatment followed by 10 tonnes
farmyard manure + 5 tonnes sewage sludge/ha.
Application of farmyard manure and sewage sludgewere
found beneficia inimproving mustard straw yield over
NPK (4.40 tonnes’ha). The beneficial effect of farmyard
manure and sewage sludge application in improving
mustard yield hasbeen reported by several workers(Maiti
and Singh, 2003 and Khan et al ., 2003).

The oil and protein contents of pearlmillet grain were
significantly increased with farmyard manure and sewage
sludge application. The highest value of oil (5.97%) was
recorded with 10 tonnes farmyard manure + 10 tonnes
sewage sludge/ha, while the minimum was under NPK

Table 6: Effect of farmyard manure and sewage sludge application on yield and grain quality of crops (Pooled of two

years)
Treatment Pearlmillet Mustard
Yield (t/ha) Oil Protein Yield (t/ha) Oil Protein
Gran Stover (%) (%) Seed Stover (%) (%)

Control (NPK) 0.70 21 469 6.4 147 440 3700 16.18
10tF 095 234 550 953 162 520 3695 2342
10tF+25tSS 104 272 559 11.87 169 531 37.05 2391
10tF+5.0tSS 113 259 571 r21 171 536 37.06 2469
10tF+10tSS 116 291 597 1213 173 542 3701 2640
10.0tSS 092 262 550 1091 163 509 6.4 2371
20.0tSS 093 263 508 1051 159 509 3682 266
LSD (P=0.05) 003 043 0.26 156 007 041 NS 259




(4.69%). In case of protein content of grain, 10 tonnes
farmyard manure + 5 tonnes sewage sludge/hatreatment
registered the maximum values of 12 per cent. Further, it
was observed that the oil content in seed decreased with
increasing level of sewage sludge when applied alone.
Similar observationswere made by Tsakou et al. (2001) in
cotton where they observed detrimental effect of sewage
dludge application on cotton seed oil content.

The application of farmyard manure and sewage sludge
to the preceding crop of pearlmillet significantly increased
oil and protein contents of mustard seed over control
duetoitsresidual effect. Thelower oil (36.74%) content
of seed was observed under sewage sludge @ 5 tonnes
sewage sludge/ha application, while the higher oil
content (37.06%) of mustard seed was noticed with 10
tonnes farmyard manure + 5 tonnes sewage sludge/ha.
Theoil content of mustard seed decreased with increasing
level of sewage sludge alone. The protein content
(26.40%) of mustard seed was significantly higher in 10
tonnes farmyard manure + 10 tonnes sewage sludge/ha
and the percentage improvement over control (16.18%)
was 63 (Table 6). The beneficial role of combined
application of sewage sludge and farmyard manure in
increasing leaf protein content of barley was earlier
reported by Antolin et al. (2005).

Heavy metalsconcentration in crops

Theanalysisof grain and straw of pearlmillet and mustard
for heavy metals(Cd, Co, Ni, Pb and Cr) content carried
out in both the years to study the effect of treatments on
accumulation of toxic metalsin soil vis-&-vistheir content
in crops grain and straw revealed that there was a
significant increase in contents of heavy metalsin grain
and straw of crops due to the treatments over respective
control. The maximum values of metalscontent (Cd: 0.59,
Co: 2.02, Ni: 5.79, Pb: 4.30and Cr: 2.54 ug/g) in pearlmillet
grain (Table 7) was under higher rate of sewage sludge
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i.e. 20 tonnes sewage sludge/ha. In general, the metal
contents were comparatively higher in treatments of
sewage sludge application alone followed by farmyard
manure + sewage sludge treatments.

The residual effect of farmyard manure and sewage
sludge on heavy metal content in mustard seed and straw
was significant over control. The content of Cd and Co
under 20 tonnes sewage sludge/hawas about 3 times
higher in mustard seed than that recorded under control
(Cd: 0.34 and Co: 1.15 pg/g) (Table 8). Similarly, the
contentswere also doublein straw, respectively. Similar
trend was aso found in other metals in mustard. The
values under treatment of farmyard manure + sewage
sludge combinations were comparable with farmyard
manure alone which indicated that heavy metal
contamination in grain and straw of thetest cropsdueto
addition of sewage sludge @ 2.5 tonnes/ha along with
farmyard manure application @ 10 tonnes’ha was at
minimumrisk.

The findings of the present investigation suggest that
the sewage sludge could be a better source of nutrients
besides organic matter for higher crop yieldsand quality,
if applied at lower levelsi.e. 2.5 or 5.0 tonnes’/hacombined
with farmyard manure at 10 tonnes’ha in pearlmillet-
mustard sequence. The soil application of sewage sludge
alone containing higher quantity of heavy metals viz.,
Cd, Pb, Ni, Cr and Co might pose seriousthreat interms
of contamination of soil-water-plant system to adversely
affect crop growth and soil quality inalong run. Therefore,
the sewage sludge could be utilized safely together with
farmyard manure at lower rates (2.5 tonnes sewage sludge
+ 10 tonnesfarmyard manure/ha) with regular monitoring
of soil for higher crop yieldsand quality with aminimum
risk to soil health.

Considering that agricultural use is the best option for

Table 7: Effect of farmyard manure and sewage sludge on heavy metal content in pearlmillet (Pooled of two years)

Treatment Heavy metal (1g/g)
Cd Co Ni Pb Cr
Gran Straw Gran Straw Gran Straw Gran Straw Gran Straw
Control (NPK) 020 040 0.90 169 29 538 203 1389 134 258
10tF 033 048 133 217 462 6.45 358 1500 168 421

10tF+25tSS 042 050 145 263
10tF+5.0tSS 047 060 153 302
10tF+10tSS 046 066 166 251
10.0tSS 056 056 193 298
20.0tSS 059 0.79 202 328
LSD (P=0.05) 008 007 027 052

493 583 362
4.9 764 392
549 890 430

1546 201 491
1562 203 549
1537 228 556
512 6.50 39 1584 237 587
5.79 6.62 447 1563 24 6.18
066 165 071 048 042 067




102  Journal of Oilseed Brassica, 9 (2) July, 2018

Table 8: Residual effect of farmyard manure and sewage sludge on heavy metal contentin mustard (Pooled of two years)

Treatment Heavy metal (ug/q)
Cd Co Ni Pb Cr
Gran Straw Gran Straw Gran Straw Gran Straw Gran Straw
Control (NPK) 034 061 115 237 532 6.25 125 136 521 93
10tF 04 0.82 183 313 6.02 833 183 158 704 139

10tF+25tSS 066 0% 236 3%
10tF+50tSS 076 099 241 3@
10tF+10tSS 08 1056 266 363
10.0tSS 085 081 291 366
20.0tSS 093 126 300 388
LSD (P=0.05) 014 017 035 051

6.33 835 177 168 753 140
6.89 9.27 150 179 7.68 147
6.73 9.67 162 182 880 168
653 8.73 192 16.0 735 176
6.76 9.8 205 188 950 204
0.66 0.74 33 20 19 36

sewage sludge disposal and having observed an increase
in crop yield and quality of grain, soil fertility status,
physical and biological properties (biomassCand N and
soil enzymatic activity) improved under farmyard manure
and sewage sludge application, we recommend that the
amount of sludge must be cal culated based on the heavy
metal contents and application should not exceed soil
capacity, returning to the same area not more frequently
than alternate year. Finally, we stress the importance of
this pioneer study with long-term effects of continued
sewage sludge application under Indian conditions.
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