JOURNAL OF PURE AND APPLIED MICROBIOLOGY, June 2016.

Effect of Biochar on Yield and Heavy Metals Uptake in Rice

Grown on Soil Amended with Sewage Sludge

H.S. Jatav*, S.K. Singh, Y.V. Singh, Alpana Paul,
Vipin Kumar, Preeti Singh and Hemant Jayant

Department of Soil Science and Agricultural Chemistry, Institute of Agricultural Sciences,

Banaras Hindu University, Varanasi - 221 005, India.

(Received: 21 December 2015; accepted: 03 February 2016)

A green house experiment was conducted in the net house of the Department of
Soil Science and Agricultural Chemistry, Institute of Agricultural Sciences, Banaras
Hindu University, Varanasi (U.P.) during kharif, 2013 to find out the effect of biochar on
availability of heavy metals in soil amended with sewage sludge. There were nine
treatments, consisting of six different doses of biochar as 2.5, 5.0, 7.5 10, 15, 20 t ha' along
with 100% RDF and sewage sludge @ 30 t ha applied in each biochar amended pot. In
order to recover plant from initial stress, 50% recommended dose of nitrogen (RDN) was
applied in each pot at 45 DAT. Results of this study showed a significant increase in test
weight, grain and straw yield with application of graded level of biochar along with
sewage sludge. Soil pH and electrical conductivity did not show any significant change
with application of sewage sludge but with increasing levels of biochar pH of soil showed
a significant increase. Application of biochar @ 20 t ha' along with sewage sludge (30 t
ha) was found to increase grain yield to 2.5 times over control (T,) and 8.5 % over 100 %
RDF. Application of 20 t biochar along with 30 t sewage sludge ha™ (T,) registered lowest
chromium content in grain. Uptake of Cd, Cr, Ni and Pb was found maximum both in
grain and straw with application of 30 t ha" of sludge sewage (T,) where as minimum
uptake was recorded with conjoint application of 20 t biochar and 30 t sewage sludge ha-
1 (T,).
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Indiahasto produce 300 Mt of food grains
by 2020 to feed growing population. The net
cultivated land (142.5 M ha) islimited and pressure
for production of food grains is increasing,
therefore, maintenance of soil fertility is a prime
issue for farmers. To achieve the above food
demand, 45 milliontonnesnutrientsarerequiredin
which 35 Mt isestimated to be supplied by chemical
fertilizer and remaining by organic sources'. The
present day agriculture is facing a problem of
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continuous decline in soil nutrients reserve and
decrease in organic matter content of soil. This
may be due to intensive cropping system coupled
with limited application of FYM, green manure,
vermicompost and crop residueinthefield. Dueto
rapid urbanization and industrialization, a huge
amount of inorganic and organic wastes are
produced in which sewage sludgeisone. In India,
about 450 cities generate more than 17x10° m®of
raw sewage per day. With availabletreatment plants,
production of sewage sludge is estimated to be
around 1,200 tonnes per day, although there exists
apotential to produce 4,000 tonnes of sludge per
day?. Thenutrient potential of available sewagein
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Indiaisestimated to be more than 3,50,000 tonnes
N, 1,50,000 tonnes P and 2,00,000 tonnes K per
years,

Sewage sludge and effluents from
municipal originarerichinorganic matter andisa
good source of plant nutrients’. Sewage sludge
and effluents are frequently disposed off on
agricultural landsfor irrigation/manures purposes
that may prove beneficial because of its organic
matter and nutrient content and harmful asit may
contain high amount of heavy metals which may
limit their long term usein agriculture. The heavy
metals may be present in excessamount and prove
either phytotoxic (e.g. Zn, Cu, Ni) or hazardousfor
human health (Cd, Cr, Pb, Hg). For reducing the
effect of these metalsin food web, the biochar can
play avital role. Biochar refersto akind of charcoal
made from biomass. Unlike charcoal madefor fuel,
biochar has properties which make it a valuable
soil amendment for mitigation of negative effects
of heavy metals by sorption®. Biochar has been
found to sorbsavariety of heavy metals, including
lead (Pb), arsenic (As) and cadmium (Cd). The
global production of biochar (black carbon) has
been estimated to be between 50 and 270 Tg yr?,
with asmuch as 80 % of thisremaining asresidues
in the soil®. Total of 9.5 billion tonnes of carbon
could potentially be stored in soils by the year
2100 using a wide variety of biochar application
programmes’.

Rice (Oryza sativa L.) isone of the most
important staple food crop for more than half of
theworld population, especially for south-eastern
Asia, where 90% of theworld production of riceis
grown and consumed. Rice covers about 158.95
Mha areas in world with annual production of
685.01 Mt of grain with average productivity of
4.31 t ha! globally *.The country like India has
biggest area under rice cultivation, asit is one of
the principal food crops. In India, the rice crop
occupies 44 million haof land and produces about
104.32 million tones, whichis second in theworld
after China. In view of increasing use of sewage
sludgein crop production and associated potential
risk of heavy metals uptake. The present
investigation was taken up to study the effect of
various levels of biochar on yield and uptake of
heavy metals in rice grown soils amended with
sewage sludge.
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MATERIALS AND METHOD

The pot experiment was conducted on
alluvial soil of Varanasi representing an I nceptisol
(Typic Ustochrept) during July to November 2013,
inthe net house of the Department of Soil Science
andAgricultural Chemistry, Institute of Agriculture
Sciences, Banaras Hindu University, Varanasi
(U.P). Theexperimental soil (0-15cm) had pH 7.4,
EC 0.22 dS m?, organic carbon 0.3 g kg and
available N, P, K and Sto the tune of 126, 18.51,
137.30and 12.78 kg ha*, respectively. The DTPA-
extractable micronutrients Fe, Cu, Zn and Mn in
soil were 22.14, 2.25, 1.65 and 8.57 mg kg* and
heavy metals, Cd, Cr, Ni, and Pb were 0.752, 0.164,
2.03and 0.087 mg kg, respectively.

Biochar was obtained from arice mill of
village Kollana, Mirzapur (U.P.) where it is
considered asawaste material coming form gasifire
plant which utilizerice husk asfuel. Farmer of this
district has established Rice mills as small scale
industries. They burn rice husk under controlled
supply of oxygen and obtained smokes are used
to mix diesel to get smoke- diesel aerosol.
Therefore, the fuel efficiency of diesel engineis
increased. The remaining incomplete dark black
meaterial of rice husk isknown asrice husk Biochar

The Biochar (figure-1, a) use as a heavy
metal sorbed material had the colour 2.5 YR 2.5/0
(Black), Bulk density 0.40 (Mg m), porasity 72 %
and WHC 218 %. The Biochar (BC) had thepH 9.5
(H,0),9.4(0.01M CaCl,) 1:2.5,9.3(0.01M CaCl,)
1:5,EC 2.56 (dSm™), Ca& Mg0.21 and Na0.35mg
kg respectively (Table 2). Thetotal amount of N,
P, K was0.10, 0.15, 0.20% and DTPA extractable
metal was not detected. Six graded levelsof biochar
weretakeni.e. 2.5, 5.0, 7.5, 10, 15, and 20 t ha
which were equivalent to 11.20 g (BC, ), 22.40g
(BC,,),33.60g(BC,,),44.809(BC,),67.209(BC)),
and 89.60 g pot™ (BC,), respectively for 10 kg of
soil.

The sewage sludge (SS) used as soil
amendment had pH 7.2, EC 0.35dSm, organic C
8.13%, total N, P, K and Scontent as 1.4, 1.3, 0.95
and 2.1%, respectively (Table 3). The DTPA-
extractable Fe, Cu, Zn and Mnin SS were 49.56,
13.50, 15.24 and 21.47 mg kg™ and Cd, Cr, Ni and Pb
contentwas 3.2, 4.9, 29.34 and 7.6 mg kg, whereas
total content was 32.2, 44.3, 54.6 and 28.4 mg kg?,
respectively.
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The constant dose of Sewage sludge
(figure-1, b) wastakeni.e.30 t ha'(SS, ) whichwas
equivalent to 131 g pot*10 for kg of soil. This
constant dose of sewage sludge was applied in
treatment T, to T,.. Required quantities of biochar,
sewage sludge and fertilizer for 10 kg soil were
calculated. The experiment was conducted in
completely randomized block designtaking riceas
atest crop.

Biochar and Sewage Sludge were
thoroughly mixed well with soil. Full dose of
fertilizers (accept ¥2 dose Nitrogen) applied in
solution through Urea, DAP, and MOP, as source
of N, P, and K beforetransplanting of rice seedlings.
Remaining ¥2recommended dose nitrogen (RDN)
fertilizer wasapplied intwo split dosesat tillering
and flowering initiation stage. The detail of
treatment combination is given in Table 1. The
experiment waslaid out in acompl etely randomized
designwith threereplicationstaking rice cv. Swarna
as test crop. Grain and straw yield pot* were
recorded after harvesting of crop.

The plants were harvested at maturity,
washed sequentially with 0.2% detergent solution,
0.1 N HCI and finally with double distilled water.
Theplant material wasdried at 60+2 °Cfor 48 hin
ahot air oven. Dry plant tissueswerefinely ground
and digested in adi-acid mixture (HNO,: HCIO, ::
3:1, v/v) and diluted. The content of Fe, Cu, Zn,
Mn, Cd, Cr, Ni and Pbin the straw and grain digest
was determined by using atomic absorption
spectrophotometer (UNICAM-969). Similarly,
biochar was also digested and content of Fe, Cu,
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Zn, Mn, Cd, Cr, Ni and Pb were determined by
using atomic absorption spectrophotometer
(UNICAM-969). Sewage sludge was also digested
in di-acid and analyzed for P, K and total
micronutrients (Fe, Cu, Mn, Zn) and heavy metals
(Cd, Cr, Ni and Pb), however, for the determination
of total N sludge was digested in concentrated
H,SO,. The soil samples were analyzed for pH in
1:2.5 soil: water suspension; EC (dSm™) organic
carbon®; DTPA-extractable Cd, Cr, Ni and Pb by
methodusing Atomic Absorption
spectrophotometer (AAS)°.

RESULTS AND DISCUSSION

GrainYidd

Thegrainyield of rice (Table4) increased
significantly by applying sewage sludge along with
biochar. The application of 100% RDF (T,) resulted
in significantly higher grain yield by 23.49%,
35.05% and 2 time over T, (SS,), T, (BC,, SS,;
RN, ) and control (T,), respectively. The maximum
grain yield was observed in T, (BC,; SS,) RN, )
whichwas8.5% higher over thetreatment T, (100%
RDF). Lowest grainyield (19.3 g pot™) recorded in
control which was two times lower than the T,
(BC,,SS,,RN_) and T, (BC; SS, RN, ). Increase
in grain yield of rice with application of sewage
sludge’®. The bean yield increased by 46% and
biomass production by 39% over the control at 60
gkg* biochar. A signiQcant increasein straw and
grain yields of rice with application of sewage
sludge®?.

Table 1. Treatment combination

Treatment Fertilizer Applied Biochar Applied Sewage Sludge

Pots Equivalent Pots Equivalent
(gkgtsoil) ton hat (gkg!sail) ton hat

T, 0 0 0 0 0

T, 100% RDF 0 0 0 0

T, 50% RDN 0 0 131 30

T, 50% RDN 11.20 25 131 30

T, 50% RDN 22.40 5.0 131 30

T, 50% RDN 33.60 75 131 30

T, 50% RDN 44.80 10 131 30

T, 50% RDN 67.20 15 131 30

T, 50% RDN 89.60 20 131 30

RDF — Recommended dose of fertilizers (N, P,0,, and K,O 120:60:60)

RDN — Recommended dose of nitrogen
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SrawYidd

The straw yield of rice (Table 4) ranged
between 76.1 to 143 g pot?. The application of
100% RDF resulted in significantly higher straw
yield by 87.91% than the straw yield obtained from
T, (control). The maximum straw yield (143 g pot ™)
was recorded in the T, (100% RDF) which was
higher than T, (BC,, SS,; RN, ) by 7.5% T,(BC,,
SS, RN, ) by 9.1%, T_(BC ,SS, RN, ) and T, (BC,
SS,, RN, ) by 13.4%. Thetreatment T, (SS, ) was
66.8 % higher over the control (T,) and 12.5 %
lower fromthe T, (100% RDF). Significantincrease
instraw yield might be dueto theavailability of all
essential elements to the rice crop in sufficient
amount by the sewage sludge application. A
significant increase in straw yield of wheat and
rice was also reported2,
Test Weight

The test weight of rice (Table 4) ranged
from 16.5t0 22.2 g 1000 grains® and it increased
significantly with application of graded level of
biochar and constant level of sewage sludge. The
maximum test weight (22.2 g) was recorded with
treatment T, (BC,, SS,) RN, ) whichwas 34.54 %
higher over control (T,) followed by 33.3 % T,
(100% RDF). Minimum test weight (16.50g) was

Table 2. Physico- chemical characteristics of Rice

husk biochar
Properties Biochar
Colour 2.5YR 2.5/0 ( Black)
Bulk density (Mg m3) 0.40
Porosity 2%
Particle density (Mg m?) 1.40
AvailableWHC (Usingkeensbox)  218%
pH (H,0) 1.25 9.5
pH (0.01IM CaCl,) 1:2.5 9.4
pH (0.01M CaCl,) 1.5 9.3
EC (dSm™) 2.56
Organic carbon (%) 4.80
Ca& Mg (mgkg™ 0.21
Na(mgkg1) 0.35
Total N (%) 0.10
Total P (%) 0.15
Total K (%) 0.20
DTPA Extractable Metal (mgkg')
Ni Not Detected
Cr Not Detected
Pb Not Detected
Cd Not Detected
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recordedin control (T,). Theincreaseintest weight
might be the result of improvement in the soil
fertility dueto sewage sludge application. Similar
findings also reported*. The higher thousands
seed weight of dry been grown at 2, 4, and 6 kg nr
2 sewage sludge amendment rates as compared to
unamended soil®®. A significant increase in test
weight, grain and straw yield of rice crop with
conjoint application of sewage dudgeand fertilizer
13
Harvest Index

The highest harvest index (Table 4) was
registered (34.5%) in T, (BC,, SS,) RN, ) whichwas
8.02% higher over 100% RDF (T,). Theharvest index
ranged from 20.2 to 34.9% and the treatment T,
(SS,), T,(BC,.SS, RN_), T, (BC_SS, RN,), T,
(BC,,SS, RN, ), T,(BC,, SS, RN, ) were found
statistically at par to each other. The minimum
harvest index was recorded in the control (T),
which decreased 78.37% from the T, (BC,, SS,,
RN,).
Heavy M etalsConcentration and Heavy M etals
Uptake
Cadmium content in grain and straw

Thedatapertaining to Cd contentingrain
(Table 5) showed a significant effect with graded
application of biochar and constant level of sewage

Table 3. The physico- chemical characteristics of

Sewage Sludge
Properties Sewagedudge
Colour 75YR4/2

(Light brown)

Bulk density (Mg m3) 1.65
Available WHC (Using keens box ) 48.37
pH (H,0) 1:2.5 7.2
EC (dSm?) 0.35
Organic carbon (%) 8.13
CINratio 16.03:1
Total N (%) 1.4
Total P (%) 1.30
Total K (%) 0.95
Total S (%) 21
DTPA Extractable Metal (mgkg?)
Ni 29.34
Cr 4.9
Pb 7.6
Cd 32
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sludge. The maximum (1.59 mg kg*) wasrecorded
inT, (SS,,) which was 4 times higher over the T,
(Control) followed by 3 timesin T,and BC, SS,
RN, T, .Theminimum (0.31 mgkg™) was observed
inT, Control. Thetreatment T, (SS,)) was 75.47 %
higher than the T, (100% RDF) followed by
treatment T, (69.04%), T, (68.8 %), T, (62.13%), T,
(61.00%) and T9 (41%). Treatment T,(BC, SS,

1371

RN, wasfound at par with T_(BC, SS, RN, ) and
T, (BC,, SS,, RN, ). The data pertaining to Cd
content in rice straw (Table 5) experienced
significant decrease with graded application of
biochar. The Cd content in rice straw increased
from 0.69t02.74 mgkg™. Maximum (2.74 mg kg?)
beinginT, (SS,)) and minimum (0.69mgkg*) in T,
(Control). Treatments T, (SS,,) wasalmost 3times

Table 4 . Effect of biochar application on test weight, harvest index, grain yield and
straw yield of rice grown in soil amended with sewage sludge

Treatment Test weight Harvest index Grainyield Straw yield
(Wt. of 1000 grains) (%) (g pot™) (g pot?h)
T, 16.5 20.2 19.3 76.1
T, 22.0 321 67.8 143
T, 19.3 30.2 54.9 127
T, 17.7 29.0 50.2 122
T, 19.1 29.1 51.8 126
T, 19.0 30.0 55.5 129
T, 20.1 30.7 58.0 131
T, 214 31.8 62.2 133
T, 22.2 34.9 74.1 138
SEm+ 0.74 0.67 1.63 2.38
CD (P=0.05) 214 1.95 4.74 6.92

Treatments: T, —~Control, T, — 100% RDF, T, - 30t ha'SS, T, — 2.5 t ha' BC+30 t ha' SS
+50% RDN, T,— 5.0 t ha! BC+30 t ha'SS +50% RDN, T,—75t ha' BC+30 t ha' SS +50%
RDN, T, -10t ha! BC+30 t ha'SS +50% RDN, T,-15t ha! BC+30 t ha'SS +50% RDN , T,

—20 t ha' BC+30 t ha' SS +50% RDN

Table 5. Effect of biochar application on Cd, Cr Concentration and uptake
inricegrown in soil amended with sewage sludge

Treatment Biochar Sewage Cd (mg pot™) Cr (mg pot™)
(tha') Sudge Concentration Uptake Concentration Uptake

(tha') Grain Straw Grain Straw Total Grain Straw Grain Straw Total
T, 0 0 031 069 001 005 006 092 08 002 006 0.08
T, 0 0 039 08 003 012 015 088 111 006 016 0.22
T, 0 30 159 274 009 035 043 215 237 012 030 042
T, 25 30 126 254 006 031 037 18 18 009 023 0.32
T, 5.0 30 126 251 007 032 038 143 143 007 018 025
T, 75 30 125 229 007 030 037 127 124 007 016 023
T, 10 30 103 228 006 030 036 099 111 006 015 020
T, 15 30 100 199 006 027 033 094 110 006 015 o021
T, 20 30 067 146 005 020 025 083 101 006 014 020
SEm+ 004 009 001 001 001 007 004 0001 001 001
CD 013 026 001 004 004 020 011 001 002 0.03
(P=0.05)

Treatments: T, —Control, T, — 100% RDF, T, — 30 t ha*SS, T, — 2.5 t ha' BC+30 t ha* SS +50% RDN, T,— 5.0 t ha
1 BC+30t ha'SS +50% RDN, T,—7.5t ha' BC+30 t ha'SS +50% RDN, T, -10t ha' BC+30 t ha'SS +50% RDN, T,
—15 t ha* BC+30 t ha'SS +50% RDN , T, —20 t ha' BC+30 t ha' SS +50% RDN
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higher than the control(T,) followed by T, (2.68
times), T,(2.63times), T (2.31times), T, (2.30times)
and T, (1.68times). Treatment T, (BC, SS, RN, )
wasat par with T, (BC,, SS,) RN, ).

Theincrease in Cd content of straw and
grainof ricein T, (SS,,) may be dueto addition of
Cd present in sewage sludge, however asignificant
decrease in content and uptake of Cd with the
application of biochar (T, toT,) may be dueto the
adsorption of Cd by biochar.

JATAV et al.: STUDY OF YIELD & HEAVY METALS UPTAKE IN RICE

Cadmium uptakein grain and straw

A significant variation in uptake of Cd
(Table5 & Figure 2) with the straw and grain with
the application of biochar and sewage sludge was
noticed. The Cd uptake by grain varied from 0.01
t0 0.09 mg pott. The maximum uptake (0.09 mg pot
') was observed in T, (SS,) which increased by 8
times over control (T,). The minimum Cd uptake
by ricegrain (0.01 mg pot™*) was observed in control

Table 6. Effect of biochar application on Ni, Pb Concentration and uptake in
rice grown in soil amended with sewage sludge

Treatment Biochar Sewage Cd (mg pot?) Cr (mg pot™)
(tha') Sudge Concentration Uptake Concentration Uptake

(tha') Grain Straw Grain Straw Total Grain Straw Grain Straw Total
T, 0 0 500 710 010 054 064 010 046 001 003 004
T, 0 0 799 790 054 113 167 027 049 002 007 009
T, 0 30 1101 1961 0.61 248 309 063 115 003 014 018
T, 25 30 955 1494 048 183 231 016 044 001 005 0.06
T, 5.0 30 980 1395 051 176 227 014 037 001 005 005
T, 75 30 750 1335 042 173 214 014 030 001 004 005
T, 10 30 6.06 1447 035 189 224 016 027 001 003 004
T, 15 30 566 1107 035 148 183 013 023 001 003 004
T, 20 30 567 1001 042 138 18 012 021 001 003 004
SEmz+ 023 051 002 006 007 002 002 0001 0.003 0.003
CD (P=0.05) 066 148 006 019 022 005 006 0004 001 0.01

Treatments: T, —Control, T, — 100% RDF, T, — 30 t ha*SS, T, — 2.5 t ha' BC+30 t ha' SS +50% RDN, T,— 5.0 t ha
1 BC+30t ha'SS +50% RDN, T,—7.5t1 ha' BC+30 t ha'SS +50% RDN, T, —10t ha' BC+30 t ha'SS +50% RDN, T,
-15t ha' BC+30 t ha'SS +50% RDN , T, -20 t ha! BC+30 t ha! SS +50% RDN

Table 7. Effect of Biochar application on pH, EC, Organic Carbon and Heavy metals (Cd, Cr,
Ni, Pb) in post harvest soil amended with sewage sludge

Treatment pH EC(dSm?) OC (%) Heavy metalsin post harvest soil (mg kg*)
Cd Cr Ni Pb
T, 7.3 0.18 0.30 0.64 0.15 1.80 0.19
T, 7.3 0.23 0.32 1.09 0.25 2.59 0.29
T, 7.4 0.21 0.36 2.59 1.00 5.19 2.04
T, 7.6 0.23 0.41 1.36 0.38 293 0.77
T, 7.7 0.22 0.41 111 0.47 3.09 091
T, 7.8 0.23 0.44 114 0.51 322 0.88
T, 7.9 0.25 0.46 157 0.60 3.19 1.10
T, 7.8 0.22 0.48 1.85 0.72 3.92 0.87
T, 8.0 0.24 0.51 2.00 0.84 419 1.16
SEm+ 0.16 0.01 0.01 0.15 0.03 0.09 0.05
CD (P=0.05) NS NS 0.03 0.45 0.09 0.26 0.13

Treatments: T, —Control, T, — 100% RDF, T, =30t ha'SS, T, — 2.5t ha' BC+30 t ha' SS +50% RDN,
T,— 5.0t ha! BC+30t ha'SS +50% RDN, T,—75t ha' BC+30t ha'SS +50% RDN, T, -10t ha' BC+30
t ha'SS +50% RDN, T,-15t ha' BC+30t ha'SS +50% RDN , T, —20t ha' BC+30t ha'SS +50% RDN
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(T,)-Application of 30 t ha* sewage sludge alone
resultedin 8 timesincreasein uptake of Cdinrice
grain over control. The uptake of Cd was found
maximum (0.09) in T, (SS, ) followed by T_(BC,
SS,,RN,)) and T, (BC, SS, RN, ). Thetreatment
T, (SS,,) increased Cd uptake by 5 times over the
T, (100% RDF) followed by T, (BC, SS,, RN, ) and
T,(BC,.SS, RN, ): 57.14%, T_(BC SS, RN, )
and T,(BC, SS,, RN, ): 50% and T, (BC,, SS,,
RN,,):40 %. Treatment T (BC ., SS, RN, ) and T,
(BC,, SS,,RN_) and T,(BC,, SS, RN_) and T
(BC, SS,,RN, ) wereat par. The Cd uptake by straw
varied from 0.05 to 0.35 mg pot . The maximum
uptake (0.35 mg pot™) was observed in T, (SS,)
followed by T, (BC, SS,, RN, ): 0.32 mg pot™* T,
(BC,, SS,,RN,): 0.31mg pot*and T,(BC,, SS,
RN,,): 0.30 mg pot*. Both Chicken Manure and
Green Waste were very effective in reducing Cd
and Pb concentrations of Indian mustard shoots'®

TR
(b) Sewage Sludge

(a) Rice husk Biochar

Fig. 1. Experimental material @) Rice husk Biochar and
(b) Sewage Sludge

iy —r=id

Treatments: T, —Control, T, — 100% RDF, T, — 30 t ha
SS, T, - 25t ha BC+30 t ha'SS +50% RDN, T,—-5.0 t
ha' BC+30 t ha' SS +50% RDN, T, 7.5t ha' BC+30t ha
*SS +50% RDN, T, -10 t ha' BC+30 t ha’ SS +50% RDN,
T, —15 t ha' BC+30 t ha' SS +50% RDN , T, —20 t ha
BC+30 t ha'SS +50% RDN

Fig. 2. Effect of biochar application on Cd and Cr uptake
inricegrown in soil amended with sewage sludge
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7. Application of sewage sludge along with
fertilizersalso increased Cd content and uptakein
ricestraw and grain®®.,
Chromium content in grain and straw

The data pertaining to of Cr content in
grain (Table 5) showed a significant effect with
graded application of biochar and constant level
of sawagedudge. Themaximum (2.15mg kg™) was
recorded inT, (SS,)) which showed an increase of
1.3timesover theT, (Control) followed by T,(BC,
SS, RN, ) and T (BC, , SS, RN, ). Theminimum
Chromium contentwasin T, (BC,, SS,) RN, ) which
was 9.7 % lower than control. The content of
chromiumin T, (SS,)) was 59.06% higher than T,
(100% RDF).

The data pertaining to Cr content in rice
(Table 5) reveded that the maximum content of
chromiumwas(2.37 mgkg™) inT, (SS,) whichwas
53.16% higher than T, (100% RDF) and minimum
content was found in T, (Control). Treatment T,
(SS,)) found 1.96 timeshigher thanthe T (Control).
The treatment T, (100% RDF), was at par with
treatment T, (BC, SS,) RN, ) and T, (BC,, SS,;
RN_,). A significant decreased Cr content by
(53.16%) in T, (100% RDF) over T, (SS, ) followed
by T,(40.32%), T, (22.37%) and T (10.48%) was
noticed. The normal range of Cr in plants is
considered 0.03-14.00 mg kg, while the toxic
concentrations fall between 5-30 mg kg, This

w

-

-

;]

Pomczmlralion [regpot!]
o

=
i =

a

Treatments: T, —~Control, T, — 100% RDF, T, — 30 t ha*
SS, T,— 25t ha' BC+30 t ha' SS +50% RDN, T,— 5.0t
ha' BC+30 t ha' SS +50% RDN, T, —7.5 t ha' BC+30t ha
1SS +50% RDN, T, -10t ha' BC+30 t ha'SS +50% RDN,
T, —15 t ha' BC+30 t ha'SS +50% RDN , T, —20 t hat
BC+30 t ha'SS +50% RDN

Fig. 3. Effect of Biochar application on Cd and Cr
concentration in post harvest soil amended with sewage
dudge
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suggests that plant Cr in this study was in the
normal range. The concentration of chromium in
ricegrain and straw significantly decreased dueto
biochar application which may be due to the slow
release pattern of heavy metal adsorption biochar.
Greenwaste-derived biochar (GW) immobilized Cd,
Cu, and Pb by 30.3, 22.9 and 36.8%, respectively,
for spiked soil, and by 42.7, 0.901 and 72.9% for
naturally contaminated soil*®.

Chromium uptakein grain and straw

The Cr uptake in rice grain (Table 5 &
Figure 2) varied from 0.02 to 0.12 mg pot™. The
maximum uptake (0.12 mg pot ') wasrecordedin T,
(SS,,) which was about 5 times higher than control
(T,). The chromium uptake by rice grain was
maximumin T, (SS,)) which showed anincrease of
5 times over control followed by T, (BC, SS,
RN,): 3.5times, T, (BC,SS,)RN, ) and T_(BC,,
SS,,RN,): 25times, T, (BC; SS, RN_) and T,
(BC,SS,,RN,): 2times. Treatment T (BC, , SS,|
RN, ) wasat par withT_(BC,; SS, RN, ), T, (BC
SS,,RN,) T, (BC,, SS,,RN,).

Theuptake of Crinricestraw varied from
0.06t0 0.30 mg pot™. Themaximum Cr uptake (0.30
mg pot ) was observed in T, (SS, ) and minimum
0.06 mg potin control. The treatment T, (SS,)
had Cr uptake 4 times higher over control (T,)
followed by T,(BC,, SS, RN, ): 2.8times, T (BC,
SS,,RN,): 2times, T, (BC,_ SS, RN, ) & T, (100%
RDF): L.6times, T, (BC,SS, RN, ) &T,(BCSS,,
RN,): 1.5timesand T, (BC,, SS, RN, ): 1.3times.
Nickel content in grain and straw

The Ni content in grain (Table 5)
significantly affect by application of graded dose
of biochar along with of sewage sludge. The
maximum nickel content (7.99mg kg?) ingrainwas
inT, (SS,)) whichwas 1.2 times higher thanthe T
(Contral), and the minimum content (5.00 mg kg™)
was in treatment T, (Control). The treatment T,
(BC,SS, RN, ) and T, (BC,; SS, RN, ) wasat par
with T_(BC,, SS,) RN, ). The T, (100% RDF),
registered 59.08 % increase in Ni content over
control (T,) followed by T,(40.90%), T,(41.16%),
T,(31.84%) and T (6.5%).

Similar results were observed in Ni
content of straw. It ranged from 7.10 to 19.61 mg
kg™ Themaximum (19.61 mg kg™*) wasobservedin
T, (SS,)) and theminimum (7.10mgkg™) in control
(T,).Treatments T, (100% RDF) showed a
significant decreasein Ni content by 59.71% from
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T,(SS,) followed by T, (47.12%), T, (43.36%), T,
(40.82%), T,,(28.63%) and T, (21.07%). A significant
decrease in Ni content was noticed with the
application of biochar in combination with sewage
sludge. Concentration of chromium in rice grain
and straw significantly decreased by 20 to 40 %
over 100% RDF which may result dueto the slow
release pattern of heavy metal adsorbed on biochar.
Significant increasein Ni concentration in seed at
4 kg nr? sewage sludge amendment in both years
in dry bean®.

Nickel uptakein grain and straw

The Ni uptake in rice grain ranged
between 0.10 to 0.61 mg pot? (Table 6). The
maximum uptake (0.61 mg pot™) wasrecordedin T,
(SS,,) which was 5 times Ni uptake over control
(T,). The minimum (0.10 mg pot™) was found in
control. Application of 30 t ha' sewage sludge
with biochar (T,) resulted 11.47% increasein uptake
of Ni by rice grain over T, (100% RDF). The
Treatments T, (SS, ) showed 5 times higher over
control (T,) followed by T, (BC, SS,; RN,):
4.1times, T,(BC,, SS, RN, ) &T, (BC,, SS, RN, ):
3.8times, T,(BC,,SS, RN, ): 3.2timeand T, (BC
SS,,RN,) &T,(BCSS, RN, ): 2.5times. Thusa
significant decreasein Ni uptake was noticed with
increase in doses of biochar.

The Ni uptake in rice straw ranged
between 0.54 to 2.48 mg pot? (Table 6). The
maximum uptake (2.48 mg pot ') wasrecordedin T,
(SS,,) and the minimum was observed in control
(T,). Treatments T, (SS,) showed 3.5 times
increasein Ni uptake over control (T,) followed by
T, (BC, SS,, RN_): 2.5 times, T, (BC,, SS,,
RN, ):2.3times, T, (BC,SS, RN, ): 2.2timesand T
(BC,, SS,,RN,) : 2.2times. Treatment T, (100%
RDF) wasfound 38.25 % decreased over T, (BC,
SS, RN, ) followed by T, (BC, SS, RN, ): 35.79%,
T,(BC,.SS, RN,_): 34.68%, T, (BC SS, RN,):
40.21%, T, (BC,SS, RN, ): 23.64and T, (BC,, SS,,
RN,): 18.11 %. A significant decreasein Ni uptake
with addition of Biochar was also reported *°.
Lead contentin grain and straw

The data pertaining to Pb content in rice
grain revealed that its content varied from 0.10 to
0.63mg kg*(Table 6). Themaximum (0.63mgkg?)
was observed in T, (SS,,) and minimum (0.10 mg
kg?) in T, (Control).The Pb content in grain is
increased by 5.3 times over control in T, (SS,)
followed by 1.7 timesin T, (100% RDF), T, (60%)
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and T, (60%) T, (40%), T,(30%) and T,(20%). The
data pertaining to Pb content in rice straw also
showed similar significant effect. Its content
ranged from 0.21 to 1.15 mg kg'(Table 6). The
maximum of 1.15mgkg* wasobservedinT, (SS,)
and theminimum 0.21 mgkg*in T, (0.21mgkg™)
followed by T, (0.23mgkg™), T, (0.27 mgkg™), T
(0.30mgkg*) and T (0.37 mgkg™). Chicken manure-
derived biochar (CM) dramatically reduced
NH,NO, extractable Cd and Pb concentrationsfrom
0.95 and 11.3 mg kg* to 0.11 (88.4%) and 0.73
(93.5%) mg kg'?, respectively?®.
Lead uptakeingrainand straw

The uptake of Pb was very lessin rice
straw (Table 6) aswell asgrain. Theuptakeof Pbin
straw and grain was increased with application of
sewage sludge. The minimum Pb uptake by grain
was0.01 mg kg *inall treatment except T, (100%
RDF), T, (SS,,) treatment and maximum uptake of
lead wasfoundin T, (SS,) 0.03mgkg *followed
by T, (100% RDF) 0.02mg kg **. The Pb uptakein
rice straw ranged between 0.03 to 0.14 mg pot™.
The maximum valuefor uptake (0.14 mg pot*) was
recorded from T, (SS,,) and the minimum 0.03 mg
kg " was observed in control (T,) as well as also
inT,(BC,SS,,RN_),T,(BC,SS, RN,),T,(BC,
SS,, RN,) due to the application of biochar. The
treatment T, (SS, ) wasincreased Pb uptake by 50
% over T, (100% RDF).Study clearly indicated that
application of sewage sludge increased the
concentration and uptake of heavy metal. However
addition of biochar reduced its uptake. Edible part
of wheat plants (grains) from test samples
presented high concentration of Cd, Cr, Cu, Ni, Pb
and Zn with the application of sewage sludge®.

Application of sewage sludge along with
fertilizersalsoincreased Ni, Cr, Cd and Pb content
inricestraw and grain. Therewasabout 7, 5, 5 and
10 times increase in Cd, Cr, Ni and Pb content,
respectively, inrice grain and about 7, 3, 7 and 2
timesincreasein rice straw over control®3, Sewage
sludge amendment increased the content and
uptake of Cd, Cr, Pb, Ni, and Znin shoot. Some|BI®
members (Joshep) also reported the application of
biochar reduce the heavy metal content in both
shoot and root .
Propertiesof post harvest soils
Soil reaction (pH)

The data pertaining to pH of the soil
(Table7) showed that it varied from 7.3t0 8.0. The
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maximum pH 8.0 observed in treatments T, (BC,,
SS,, RN, ) andtheminimum T, (Control) followed
by T, (100% RDF).Application of fertilizer and
sewage sludge resulted adecreasein pH T, (100%
RDF) and T, (SS,,). The application of biochar did
not show significant increasein pH. The maximum
soil pH 8.0 was found in treatment T, (BC,, SS,;
RN, ) followed by T, (BC,SS, RN, ): 7.9, T, (BC,
SS,,RN_) & T, (BC,,SS, RN, ): 7.8and T, (BC,
SS,, RN, ):7.7. 1t has been reported that chemical
properties of biochar after addition in soil cause
changesin pH, electrical conductivity (EC), cation
exchange capacity (CEC) and nutrient level s?-222%
& 24

Electrical conductivity (EC)

There was significant increasein the EC
of soil with application of biochar and sewage
sludge was observed (Table 7) The EC of soil
ranged between 0.18t0 0.25 dS nrt. The minimum
of EC (0.18dSm*) wasrecorded in control (T,) and
themaximum (0.25dSm*) intreatment T, (BC , SS,
RN,,) where biochar was applied along with sewage
sludge. An increase in EC was found in T_(BC,;
SS,,RN, ) followed by T, (BC . SS, RN_) and T
(BC,,SS,,RN,), T, (BC,SS, RN, ) and T, (SS,).
Sewage sludge application Increasein EC wasalso
reOI‘ted 14,25 & 26.

OrganicCarbon

There was a significant increase in soil
organic carbon content with application of biochar
and sewage sludge (Table 7). The organic carbon
content in soil ranged from 0.30 to 0.51 %. The
minimum organic carbon content (0.30%) was
observedin control (T,) and the maximum (0.51 %)
inT, (BC,, SS,, RN, ) which was 70% higher over
control followed by T, (60%), T, (53.33%), T,
(46.66%) and T, (36.66%). Thetreatment T, (100%
RDF), had 37.25 % lower organic carbon content
to T, (BC,, SS, RN, ) followed by T, (33.33%), T,
(30.48%), and T, (27.30 %)« 2.

DTPA extractableheavy metal in post-harvest soil

The heavy metal Cd (Table7 & figure 3)
content of soil rangefrom 0.64t02.59 mg kg. The
minimum content (0.64 mg kg*) was recorded in
treatment where sewage sludge was not applied.
However, Maximum content (2.59mg kg?) was
recorded in the treatment T, (SS, ) which showed
3 times increase in DTPA extractable Cd over
control (0.64 mgkg?). DTPA extractable Cr in soil
ranged between 0.15to 1.0 mg kg. The maximum
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(1.0mgkg™*) wasrecordedin T, (SS, ) followed by
T,(0.84 mgkg?),T, (0.72mg kg™") T, (0.60mg kg
!). Themaximum chromium contentin T, (SS, ) was
5 times higher over control (T,) followed by T,
(4.6times), T, (3.8times), T, (3.0times), T, (2.4
times),T, (2.1times) and T, (1.5times). The
concentrations obtained in this study were very
low as compared to the maximum permissiblelimit
of 25 mg kg set for extractable Cr in soil by UK
Department of Environment (Alloway and Ayers,
1997). The DTPA extractable Ni ranged between
1.80t05.19 mg kg. The maximum (5.19 mg kg™)
wasrecorded in T, (SS, ) which showed about 3.5
times increase over control (1.80 mg kg?).
Application of 30 t ha' sewage sludge with no
fertilizer and biochar had shown 1.8 timesincrease
over control (5.78 mg kg™) followed by T, (BC,,
SS,,RN,)1.3times. Thetreatment T_(BC,SS, RN,
was statistically at par with T, (BC,, SS,) RN,).
The Ni concentration in soil was lower than
maximum permissiblelimit of 20 mg kg* for toxicity
as suggested by UK Department of Environment
(Alloway and Ayers, 1997). Therewasasignificant
increasein DTPA extractable Pbin soil with graded
application of biochar and sewage sludge. The
DTPA extractable Pbin soil varied between 0.19to
2.04mgkg*withthemaximum (2.04mgkg?) in T,
(SS,,) whichwas9.7 timesmore over control (0.19
mgkg™) followed by T, (5times), T, (4.7 times), and
T, (52.63%). Theincreasing levels of sewagedudge
composts addition increased the extractable heavy
metal status (Cd, Cr, Ni, and Pb) inthe soil but did
not increase to the toxic limits®.

CONCLUSON

A significant increasein grain and straw
yield of rice could be achieved by application of
biochar and sewage sludge. Sole application of
lower doses of biochar has no significant effect on
grain yield of rice in aluvia soils of Varanasi.
However, combined application of sewage sludge
and biochar resulted in significant increaseinyield.
Among the various treatments, the highest grain
yield was obtained with combined application of
20t ha' biochar and 30t ha* sewage sludge, which
was 2.8 times higher over control (T,) and 8.5%
higher over 100% RDF. Biochar application
increased thegrainyield of rice, soil organic carbon
content with asignificant sorption of heavy metals
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in biochar reduced the uptake of heavy metals by
rice.
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