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Abstract: A field experiment was conducted on Sawargaon series of isohyperthermic family of Vertic haplustepts to
study the effect of application of primary treated biomethanated spentwash (PBSW) through irrigation on soil
properties, nutrient uptake and yield of soybean — wheat cropping sequence. The bulk density and hydraulic
conductivity of soil were improved in 100% recommended dose (RD) of N through PBSW with and without P chemical
fertilizer at soil depths of 0-15 and 15-30 cm. The lowest soil pH, calcium carbonate and highest electrical conductivity, organic
carbon, available K, exchangeable sodium (Na), exchangeable sodium percentage (ESP), cation exchange capacity
(CEC), sodium adsorption ratio (SAR) and pooled bacterial, fungal and actinomycetes populations in surface (0-15
cm) soil depth were observed in 100% RD of N through PBSW + with and without P chemical fertilizer at all three
soil depths (0-15, 15-30 and 30-60 cm) over the other treatments. The highest pooled available soil P was recorded
in 50% RD of N through PBSW application through irrigation and remaining N and P through chemical fertilizers in
all three soil depths. The significantly highest total NPK uptake by cropping sequence and highest mean
Benefit : Cost (B:C) ratio of soybean and wheat was recorded in 25 % RD of N through PBSW + remaining N and P
through chemical fertilizers over the rest of the treatments. The 25 % N-recommended dose of soybean and wheat
crop can be replaced by application of PBSW through irrigation in sequence without disturbing soils by salt load.
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INTRODUCTION the distillery effluent is used after proper ditutj
crops show good response to distillery effluent
application (Joshet al.,1994; Zalawadia and Raman
1994). Soybean-wheat cropping system has emerged
as an important cropping system only after 1980 wit
the introduction of soybean askharif crop in wheat
-growing areas of the country particularly under
irrigated system. Different doses of raw spentwash
have been tried in combination with different typds
fertilizers in agricultural fields and there ar@oets of
both positive and negative impacts. In this contthe
present investigation was undertaken for the use of
PBSW as liquid manure particularly for soybean- athe
cropping sequence in command area. Because of high

ebiological oxygen demand (BOD), chemical oxygen

Fmand (COD), high salt content, acidic pH of raw

spentwash can affect the plant growth, but PBSWihbav
low BOD, COD and comparatively low salt content

and neutral pH can be tolerated by plant and jodii
use can provide a cheapest nutrient source to the
lants. However, continuous long term uses of PBSW
an also detoriate the soil health. It should loaitared

by taking research trials with the following olfjees:

i) to study the effect of PBSW application through
irrigation on physical, chemical and biological peo-
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Fertilizers play an important role in increasing
productivity and production. An estimated contribat

of fertilizers as an input is 50 - 60 %. Howevdre t
cost of fertilizers is increasing day by day, sattthere

is urgent need for utilization of available alteima
resourcesyiz, farm yard manure (FYM), compost,
green manure, recycled crop residues and agrialiltur
industrial wastes,e.g., spentwash, which is the
cheapest source of nutrients for plant through th
application in appropriate quantity without affecti
soil health (Josht al., 1994).

India is the largest sugarcane producer in the dvorl
and a large number of sugar factories produc
substantial amounts of molasses. Molasses serves
raw material for production of alcohol. The liquift
after distillation, known as spentwash, vinasse,, et
can be utilized in agriculture as liquid manure.eTh
quantity of spentwash produced in distillery is @tbo
12 to 15 times more than that of alcohol produced
(Manohar Rao, 1983). The spentwash produced in thi
process is called raw spentwash and when it isedea
with bacteria for methanation the remaining liqisd
called primary biomethanated spentwash (PBSW). If
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ties of soil and ii) to study the effect of PBSWphga- 11, respectively The irrigation water used for irrigat-
tion through irrigation on nutrient uptake and gliedf ing soybean and wheat had low salinity and sodicity
soybean and wheat cropping sequence. The PBSW was obtained from the distillery of Shri.
Baburaoji Tanpure co-operative sugar factory, Riahur
MATERIALS AND METHODS district Ahmednagar of Maharashtra State which had
The field experiment was conducted during 2009-10mean charactessz, pH 7.48, EC 36.48 dS'mBOD
and 2010-11 for research study on fixed site o0f5443 and COD 24874 mg'l K" 0.98 %, C&, Mg™,
Sawargaon series of isohyperthermic familyveftic ~ Na', SO and Cl were 3422, 2923, 2391, 2643 and
haplustepts; however, the field experiment was 2215 mg L', respectively.
initiated during 2007-08 at Post Graduate ResearctSoil, plant sampling and analysis:The initial soil
Farm, Mahatma Phule Krishi Vidyapeeth, Rahuri, samples were collected at 0-15, 15-30 and 30-60 cm
Maharashtra, India. The initial experimental soil depths from each plot at the time of wheat hareést
belonging to was alkaline (pH 8.40), having EC 0.40 2" year and further soil samples were done at the tim
ds m, calcareous (CaC{L5.80 %), clayey in texture Of soybean and wheat harvest in tfitadid 4' year
with bulk density of 1.42 Mg i hydraulic conductivity ~ (2009-10 and 2010-11). These samples were analyzed
0.37 cm ht, mean weight diameter 0.14 mm, for physical (two depths:0-15 and 15-30 cm), cheinic
exchangeable Na (0.71 cmol (p) kg') and  parameters (three depths:0-15, 15-30 and 30-60 cm)
exchangeable sodium percentage (1.44). The soil hagnd microbial count (one depth:0-15 cm). The soil
available N (alkaline KMng) 190 kg hd, P (Olsen P) samples were dried in shade ground and sieved
8.50 kg hdand K (NHOAc) 582 kg h#d and through 0.5 mm sieve for organic carbon and 2 mm
saturation paste extract of soil having pHs-8.12sieve for general analysis. Soil samples were agaly
ECe-0.88 dS m Na was 9.5 meq LtThe for bulk density by core sampler method (Blake and
experiment was laid out in randomized complete Hartage,1986), hydraulic conductivity by constant
blocks design with five treatmentsz., recommended head method (Klute and Dirksen, 1986). The soil pH
dose (RD)-NPK (1), 100% RD of N through PBSW and electrical conductivity were measured 1:2.3 soi
without P chemical fertilizer (J, 100% RD of N  suspension (Jackson, 1973). The organic carbon
through PBSW + remaining P through chemical content of soil was determined by Walkley and Black
fertilizer (Ts), 50 % RD of N through PBSW + remaining method (Nelson and Sommers, 1982). The calcium
N and P through chemical fertilizéi&,) and 25 % RD  carbonate (CaCgp content of soil was determined by
of N through PBSW + remaining N and P through rapid titration method (Allison and Moodier,1965).
chemical fertilizers () and replicated in four times. The exchangeable Nawas estimated by flame
The crop spacing was 30 cm X 10 cm (row X plant) photometer (Richard 1954). The cation exchange
for soybean and 22.5 cm (row) for wheat. The basalcapacity (CEC) of soil was estimated by saturating
recommended dose of fertilizer (RDF) was applied fo solution of ammonium acetate + ammonium chloride
soybean (50:75 N:Bs kg ha') as per the treatments. and extracting solution of magnesium nitrate (Paem
The RDF for wheat was 120:60:40 (MBRK0 kg ha), and Rhoades, 1977). The exchangeable sodium
out of which half dose of N (60 kg Brand full dose  percentage (ESP) was calculated as exchangeable Na
of 60 kg ROsha" and 40 kg KO ha® in treatment Tas divided by CEC multiplied by 100 (Richards 1954).
basal dose and remaining % dose of N was appliedhe soil samples were analysed for available N by
after 21 days of sowing. In treatment T; -100 %, T, alkaline permanganate method (Subbiah and Asija,
-50 % and in T 25 % N dose was applied through 1956), available P (Olsen- P) by 0.5 M NaHCO
PBSW. In 25 % dose of N at sowing was supported extraction (Olseret al.,1954), available K (NEDAC)
through chemical fertilizer. The PBSW was applied a by 1N neutral NEHOAc extraction on flame photometer
2" and 3" irrigation in two equal splits for soybean dur- (Knudsenet al.,1982). The microbial populations were
ing 2009-10. The application of PBSW through irriga estimated by serial dilution plate technique (Habom
tion was not possible due to continuous rains @ th and Zieglaj1993). The saturated paste extracts of soil
year 2010-11. The application of PBSW in three équawere prepared and analyzed for pH, EC, major cation
splits for wheat at'$ 4" and %' irrigation during the  viz, Na', K*, Mg™*, C&* and major aniongizHCO,>",
year 2009-10 and 2010-11 was done as per treatmenf8l”and SO;* (Richards, 1954).
(Tables 1 and 2). All cultural practices The plant and grain samples were collected atithe t
including gap filling, thinning, weeding, plant Of harvest and analyzed for total N by micro-Kjeitia
protection measures and other cultural practice® we method in HSO;,: H,0, (1:1) digestion (Parkinson and
done in both the crops as per the recommendatibns cAllen, 1975), total P by vanadomolybdate yellow
Mahatma Phule Agricultural University. The total colour method in nitric acid #$0;:HCIOsHNO3
rainfall during the crop growth period of soybeaasw (1:4:10) digestion (Jackson, 1973) and total K on
441mm (26 rainy days) and 798mm (28 rainy days)flame photometer in }$O;HCIO.HNO; (1:4:10)
and for wheat it was 148mm (9 rainy days) and 103(Chapman and Pratt, 1961). The statistical analysis
mm (6 rainy days) during the year 2009-10 and 2010was carried out by procedure suggested by Panse and
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Sukhatme (1985).
RESULTS AND DISCUSSION

Effect of PBSW irrigation on physical properties
Bulk density: The highest pooled bulk density of soil
was recorded in RD-NPK (T in surface depth and

subsurface soil depths. The lowest pooled mean bulklissociation from carboxyl groups.

density of soil was noticed in,&ndT; treatments as
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increased there was decrease in pH in all threle soi
depths in both the years of experimentation andgabo
mean. This might be due to high amount of applicati
of PBSW, which contains high colloidal organic reatt
which releases organic acids (R-COOH) after
decomposition that can reduce soil pH due tb H
The increase in
spentwash application resulted in a notable deergas

compare to RD-NPK as well as in both the years andhe pH of soils (Saliha, 2003).

both the soil depths (Table 3). The bulk densitgaif

Electrical conductivity: The EC of all three soil

was slightly reduced at wheat harvest 2010-11 aglepths was increased in all PBSW treatments as

compare to initial values.The addition of colloidal

compared to without application of PBSW (RD-NPK)

organic matter through PBSW which is also readilyin both the years of study and in pooled mean. The
oxidizable increased the pore space in soil andhighest pooled EC of soil (1.34, 1.51 and 1.65 d$ m

improved the physical properties. Hettial. (2004)

reported that the application of post-methanationwithout

was recorded in treatment T100 % N - PBSW +
P chemical fertilizer) and it was at peith

effluent (PME) showed a significant improvement in Ts (1.18, 1.31 and 1.54 dS™yin all the three soil

the physical properties of soil. The mean weight d

depths. The lowest pooled EC of soil (0.57, 0.58 an

ameter , per cent water-stable aggregation, saturat 0.62 dS rit) was noticed in treatment; TRD-NPK)

hydraulic conductivity and water retention at 03
MPa suction were significantly (P < 0.05) more whil
bulk density and penetration
significantly less in PME-treated plots than thdt o
control. Deshpandet al. (2012) reported that the
physical

and it was at par with treatment 5% N - PBSW +
remaining N and P-chemical fertilizers) at 0-15780.

resistance wasdS ml) and 15-30 cm (0.88 dS'irhsoiI depths. The

PBSW application through irrigation was increasé&l E
of soil in all the treatments at the end of experitas

properties [bulk density, mean weight compare to initial values (Table 4). As there was

diameter (MWD) of water-stable aggregates andincreased PBSW increased soluble salt concentgtion

hydraulic conductivity] of soil were improved in tho
layers of sodic soil (0—30 and 30-60 cm) as a resul
the addition of increased doses of PBSW.

Hydraulic conductivity: The highest pooled hydraulic
conductivity of soil was observed in treatment ifi
surface depth (0.455 cm Hrand & in sub-surface
depth (0.419 cm ) as compared to rest of other
treatments. The significantly lowest hydraulic
conductivity of soil (0.383 and 0.362 cmirwas
found in RD-NPK over the rest of other treatment§ i

in soil. The increase in EC of soil due to irmge in
PBSW doses might be due to the fact that PBSW
contains higher amounts of soluble salts9@4.
38.06 dS ). Saliha (2003) reported that the EC of
soil increased markedly due to accumulation ofssalt
from spentwash.

Organic carbon: The highest pooled organic carbon
content in soil (0.62 and 0.52 %) was recordedli) (
100% N -PBSW + without P chemical fertilizer at §-1
and 15-30 cm soil depths and it was at par with

-15 and 15-30 cm soil depths. The highest pooledireatments T (0.60 and 0.54 %) ands{0.57 and 0.51

hydraulic conductivity of soil was observed in sud

%) at 0-15 and 15-30 cm soil depths (Table 5). The

depth as compared to subsurface depth. The highe$pwest pooled organic carbon content in the sabX0

hydraulic conductivity of soil was gradually inceeal
at the end of experiment as compared to initialiesl
(Table 3). The hydraulic conductivity of soil was
increased due to the higher amount of colloidahoig
matter present in the PBSW which resulted
aggregation of soil particles and thereby decréase
bulk density and increase in the pore space, aerati
which improves the structure of soil (Hatial., 2004
and Deshpandet al., 2012).

Effect of PBSW irrigation on chemical properties
Soil pH (1:2.5): The highest pooled soil pH (8.18,
8.14 and 8.12) was observed in treatmenaflall the
soil depths. The highest decrease in soil pH wasdo
in surface depth 0-15 cm as compare to below bth t

and 0.42 %) was noticed in treatment The increase
in soil organic carbon with increased levels of MBS
application might be cause of large quantities of
colloidal organic matter added through PBSW. The

in order of organic carbon in different soil depths\@al5

> 15-30 > 30-60 cm soil depth. This might be due to
surface application of PBSW which enriches the sur-
face soil layer with organic carbon and then thgss
was further extended to lower depths. In thertreats of 100

% N-PBSW + with and without P chemical fertilizer
there was build up of organic carbon throughout the
soil profile as compare to other treatments tested
(Table 5). This was happen because the distillery
effluent had a high concentration of colloidal fariwf

depths (15-30 and 30-60 cm). Among the PBSWworganic matter and its application led to increased

application through irrigation treatments, the lstve
pH (7.81, 7.84 and 7.91) was observed in treatriignt
and highest was noticed irs {8.01, 7.98 and 8.03) at

organic carbon in post harvest soil. Deshpagtda .,
(2012) stated that the significant increase in oiga
carbon was observed in both soil layers as a refult

all the soil depths (Table 4). As the dose of PBSWthe addition of PBSW at 180°ha™.
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Table 1. Nutrients applied through PBSW and chemical feerk to soybean.
Year 2009-10

Treatment PBSW Nutrients applied through PBSW Nutrients applied through chemical
(L ha™® (kg ha) fertilizers (kg ha™)
N P,Os K,O N Urea P,Osg Single super
phosphate
T, - - - - 50 108.7 75 468.75
T, 35211 50 16.6 345 - - - -
T3 35211 50 16.6 345 - - 58.4 365
T, 17606 25 8.3 172 25 54.4 66.7 417
Ts 8803 12.5 4.15 86 37.5 81.5 70.8 442.8
Year 2010-11
T, - - - 50 108.7 75 468.75
T, The application of PBSW through - - - -
Ts irrigation was not possible due to _ 582 364
continuous rains in the year 2010-11. '

T, 25 54.4 66.6 416
Ts 37.5 81.5 70.8 442.5

Table 2. Nutrients applied through PBSW and chemical lfeetis to wheat.
Year 2009-10

Treatment PBSW Nutrients applied Nutrients applied through chemical fertilizers
(Lha™®  through PBSW (kg ha) (kg ha?)
N P,Os K,O N Urea P,Os Single super K,O Potassium
phosphate chloride
T, - - - - 120 260 60 375 40 67
T, 85714 120 45 849 - - - - - -
T3 85714 120 45 849 - - 15 93 - -
T, 42857 60 225 424 60 130 375 234 - -
Ts 21428.5 30 11.3 212 90 195.6 48.7 304.5 - -
Year 2010-11

T, - - - - 120 260 60 375 40 67
T, 86331 120 52 854 - - - - - -
Ts 86331 120 52 854 - - 8 50 - -
T4 43165 60 26 427 60 130 34 212 - -
Ts 21583 30 13 213 90 1956 47 294 - -

Calcium carbonate: The lowest pooled CaGO applied through irrigation was increased it helped
content in soil (15.46, 15.68 and 15.79 %) wasdecrease the CaG@ontent of 0-15 and 15-30 cm sail
recorded in treatment,Tat all the soil depths. The depths. The continuous PBSW application through
treatments T (15.46 %) and 7 (15.56 %) were at par irrigation decreased the Cagentent of all the three
with each other for pooled CaG€bntent at 0-15 cm  soil depths studied at the end of the experimeheét
soil depth. The more amount of pooled Cg€@htent  harvest 2010-11) over the initial soil values doe t
in soil was present in 15-30 cm subsurface soitidep PBSW application through irrigation may be the hesu
as compare to 0-15 and 30-60 cm soil depths. Thef decrease in soil pH and production of organidsc
highest pooled CaC{ontent in soil was noticed in as a result of decomposition of organic matter,cwhi
RD-NPK (16.70 and 17.09 %) at 0-15 and 15-30 cmhad lead to the solubilization of Cag@nd thereafter
soil depths as compare to rest of the treatmerdbl€T it's leaching below the root zone. This might be do
5). It clearly indicated that as the quantity of B more leaching of CaCQOdue to heavy rainfall,
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Table 3. Effect of PBSW application through irrigation on kdlensity and hydraulic conductivity of soil at ast of soybean

and wheat.
Treatment  Soll Bulk density (Mg m™ Pooled Hydraulic conductivity Pooled
depth mean (cm hr'h) mean
(cm) Initial Soybean Wheat Initial Soybean  Wheat
2009-10 2010-11 2009-10 2010-11
T, 0-15 1.40 1.4 1.43 1.42  0.378 0.381 0.386 0.383
15-30  1.45 1.4 1.47 1.46  0.354 0.359 0.36% 0.362
T, 0-15 1.38 1.37 1.3%8 1.36  0.445 0.459 0.458 0.454
15-30  1.42 1.42 1.40 1.4  0.412 0.41% 0.42F 0.419
Ts 0-15 1.37 1.37 1.3%8 1.36  0.444 0.452 0.458 0.45%
15-30  1.42 1.42 1.40 1.4  0.409 0.412 0.419 0.417
T4 0-15 1.39 1.39 1.36 1.38  0.440 0.443 0.44% 0.444
15-30 1.44 1.43 1.42 1.4% 0.385 0.388  0.396° 0.389
Ts 0-15 1.40 1.48 1.38 139 0.426 0.433 0.438 0.436
15-30  1.45 1.45 1.44 1.44  0.384 0.385  0.389°  0.388
SExt 0-15  0.005 0.005 0.010 0.006 0.008 0.009 0.008  0B.00
15-30  0.004 0.005 0.009 0.003 0.009 0.011 0.011 0030
CD(0.05) 0-15 0.015 0.016 0.032 0.019 0.026 0.027 0.026 1800
15-30  0.013 0.015 0.026  0.010 0.027 0.035 0.035 0160

irrigation and high quantity of PBSW applicatiorhel
significant reduction
observed in 0-30 and 30-60 cm soil layers as dtrebu
the addition of PBSW at 180 *nha*(Deshpandest
al., 2012).

Cation exchange capacity:The highest pooled CEC
of soil {(53.83, 48.55 and 47.60 cmol*jkg?)} was
observed in treatmentsTat all the soil depths. The
treatment T was at par with treatments, 7(53.40,
48.16 and 47.21 cmol {pkg™)} and T, {(52.87, 47.69
and 46.75 cmol () kg?h)} at all three soil depths.
Significantly lowest pooled CEC was noticed in all
three soil depths studied in; TRD-NPK). Similar
trend of CEC at all the three soil depths was edtiat

the end of experiment (wheat harvest 2010-11) apae

in calcium carbonate was to initial soil values and this increase was more

substantial in treatments, Bind ;. The exchangeable
Na" was gradually increased due to continuous agiplicat
of PBSW with high salt load, which increased salt
concentration in clayey soils, increased condugtivi
and there by saturation of salts in lower soil tept
(Table 6). In due course of time this saturated soi
depths with salts particularly with Navere responsible
for increasing exchangeable Na@he presown application
of PBSW @ 50,000 L Kaincreased exchangeable'Na
of soil was 0.11 cmol (p+) kg(5.47 to 5.58 cmol (p+)
kgh) at harvest of pearl millet (Deshpanee al.,
2009).

soybean and wheat harvest 2010-11. The CEC of soiExchangeable sodium percentagefhe higher pooled
was increased at the end of experiment (wheat barve ESP of soil was recorded in 100 % N-PBSW + without

2010-11) as compare to initial values at all théd so
depths (Table 6). The highest CEC of soil was edtic
in surface depth (0-15 cm) and decreased withasang
depth of soil in pooled means as well as in allfthe
seasons. As the PBSW application through irrigafican-
tity was increased the CEC of soil was also inerdas
This might be due to high amount of cations as agll
organic matter in PBSW (Deshparetal., 2012).

P chemical fertilizer at all the soil depths. The
increased ESP of soil due to the increasing lewéls
PBSW, which contain high amount of salt load
particularly sodium was responsible for increased
exchangeable sodium as well as ESP (Table 7).
Among the PBSW treatments, the lowest ESP of soil
was noticed in 25% N-PBSW + remaining N and
P-chemical fertilizers as compare tg dhd T, in all

Exchangeable Na The highest pooled exchangeable the seasons of experiment and pooled means. lecteas

Na" was observed in treatment {{2.36 cmol(p) kg?)}
at 0-15 cm soil depth and treatment{{2.75 and 2.72

levels of PBSW application fertigation increasedPES
of soil. Kayalvizhiet al. (2001) reported the increase

cmol(p’) kgh)} at 15-30 and 30-60 cm soil depths over in ESP due to repeated application of distillerfjueht
the rest of other treatments. Among the PBSWand it was maintained below 15. The ESP of soil was

treatments, the lowest pooled exchangeablé Was
found in treatment {(1.86, 1.79 and 1.64 cmol {p
kg?)} followed by treatment J{(2.07, 2.17 and 2.05
cmol (p) kg)}. The exchangeable Navas gradually
increased in all the soil depths in PBSW treatmants

gradually increased at the end of experiment as
compare to initial values. The greater ESP of sais
observed in wheat harvest 201014 at the end of
experiment as compare to soybean harvest 2009-10.
This was due to continuous application of PBSW to
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soybean and wheat crop, which was responsible idowest available K content in soil (555, 472 an& 4@
increasing exchangeable Nand ultimately ESP of ha') was noticed in the treatment where no application
soil. of PBSW was donée. RD-NPK in both the years of
Effect of PBSW irrigation on soil available nutrierts experimentation (Table 8). As the dose of PBSW
Available nitrogen: The highest pooled available N increased there was increase in pooled soil availdb
was recorded in treatments (188 and 177 kg ha in all the three soil depths tested. The high sail
and it was at par with treatment; 0% N - available K in PBSW treatments was due to the
PBSW + remaining N and P - chemical fentits) presence of high in PBSW. In addition, the high or-
and Tyin 0-15 and 15-30 cm soil depths. Among theganic matter content of PBSW and its
PBSW application treatments, the lowest pooleddecomposition resulting in release of organic acids
available N was recorded in the treatmemts which might have solubilised K bearing minerals
(173 and 156 kg 3 and T (171 and 160 kg h3 and contributing to K availability. Bhosalet al. (2009)
these were at par with each other at 0-1518r80  reported that the application of PBSW 40 '

cm soil depths (Table 7). The highest availableonit maintained higher K fertility of soil as
gen content in soil was observed in surface ddmtht compared to lower levels of PBSW application and
subsurface depths. In general, the available N wagontrol, by maintaining higher levels of water dn&u
steadily increased in all three soil depths andllithe K, exchangeable K, non exchangeable K and lattice K
treatments from °1 sampling to last sampling. The after harvest. Higher levels of PBSW enhanced the
building of soil available N in all treatments wéige to  step K and constant K realize as well as K fixirg ¢
legume-cereal crop rotation. As the quantity of PBS pacity of soil as compare to lower levels of PBSkd a
was increased, the available N content in soil wascontrol, indicating build up of K fertility of sail
decreased in all the three soil depths. This might Effect of PBSW irrigation on saturation paste
due to high COD and BOD of PBSW which resulted in extract of soil pH of saturation paste extract (pHx
immobilization of available N. The high COD and The lowest pooled pHs of soil was observed in treat
BOD can increase the temperature and immobilize thement T, (7.64, 7.63 and 7.67) at all the soil depths as
nutrients particularly N as well as depletion of/g&n compared to other treatments. The highest poolex pH
in soil (Kalaiselvi and Mahimairaja, 2010). of soil was noticed in treatment; {7.95, 7.95 and
Available phosphorus: The highest pooled available 7.90) at all the soil depths as compared to resthudr

P content in soil (16.21, 15.11 and 12.18 kff)hsas  treatments (Table 9). There was no drastic change i
recorded in treatment 4T (50% N- PBSW and soil pHs at the end of experimentation as compare t
remaining N and P -chemical fertilizers) at all swl initial values in PBSW applied treatments. The in-
depths. The increase in available P with PBSWcreased rate of application of PBSW proportionately
application through irrigation might be due to decreased pHs of soil at all the soil depths atageih
mineralization and solubilization of native P adlvas pooled means in both the years of study. The réztuct
applied P through the chemical fertilizer. The in the pH of saturation paste extract was also relase
treatment Twas at par with treatmeng 715.07, 13.85 due to application of distillery effluent (Deshpare
and 11.62 kg hY at all the soil depths and treatment al., 2011).

T1(13.86 and 10.05 kg Haat 0-15 cm and 30-60 cm Electrical conductivity of saturation paste extract(EC):

soil depths. The highest availability of pooled Bsw The significantly lowest pooled E®f soil was found
observed in surface 0-15 cm soil depth than 158D a in treatment T (1.16, 1.39 and 1.10 dS™nover the
30-60 cm soil depths in all the treatments (Table 8 rest of other treatments at all the soil depth® igh-
The lowest available P was found ipdver the rest of est pooled ECe of soil was recorded in treatment T
other treatments during both the years of stutdihe (3.15, 3.56 and 3.74 dSat all the soil depths.
increase in available P with fertigation of 25-50N6 H 0 w e % e r ,
through PBSW might be due to fast mineralization of treatments Tand T; were at par with each other at all
PBSW and solubilization of native P as well as iupl the three soil depths tested (Table 9). The minimum
P through the chemical fertilizer due to releasd an salt accumulation was observed in RD-NPK followed
formation of weak acid during the course of by 25% N - PBSW + remaining N and P - chemical
mineralization of organic matter. The available fertilizers during 2009-10, 2010-11 and pooled nsean
phosphorus status was significantly improved at 120The gradual increase in salt concentration wasdonn
m® ha level of post biomethanated spentwash + RDFall the PBSW treatments at all the soil depthscaas-
treatment (Deshpandital., 2011). pare to initial soil valuesThis was directly related to
Available potassium: The highest pooled available K the quantity of PBSW applied as it contains high
content in soil (749, 713 and 580 kg'havas recorded amount of soluble salts. The EC of soil increased
in treatment F at all the soil depths. The treatment T m a r k e d | vy d u e t o
was at par with treatments; 7731 and 693 kg ha accumulation of salts from spentwash (Saliha, 2003)
and T, (715 and 616 kg i at 0-15 and 15-30 cm soil Sodium adsorption ratio (SAR): The significantly
depths and 7(563 kg h&) at 30-60 cm soil depth. The highest pooled SAR values of soil extract was reedr
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Table 10. Effect of PBSW application through irrigation on SAkRsaturation paste extract of sailharvest of soybean and
wheat.

Soil depth SAR (m mol L) 12 Pooled mean
Treatment (cm) 2009-10 2010-11
Initial Soybean Wheat Soybean Wheat
T, 0-15 1.21 1.27 1.37 0.98* 1.40 1.2%8
15-30 0.88 0.90 1.63 1.38 1.43 1.3%
30-60 1.02 1.0Z 1.55 1.49 1.5¢" 1.39
T, 0-15 2.62 2.7¢ 1.84 1.748 1.77 2.0%
15-30 2.34 2.24 1.74 2.05 272 219
30-60 1.50 1.54° 1.62 2.67 3.10¢° 2.238
Ts 0-15 2.72 2.8% 177 178 1.73 1.99
15-30 2.26 2.28 1.60 1.93 2.33° 2.03
30-60 1.60 1.62 1.53 2.6% 2.80° 2.14°
Ts 0-15 2.04 2.1 1.47 1.28 1.38 1.54
15-30 1.92 1.88 1.68 1.3%9 2.16" 1.77°
30-60 1.09 1.07° 1.50 2.0 2.26° 1.72°
Ts 0-15 1.90 1.98 1.48° 0.93 1.32 1.4
15-30 1.26 1.23 1.58 1.27 1.8%¢ 1.48°
30-60 1.04 1.0Z 1.54 2.00 2.12° 1.67
SE.+ 0-15 0.11 0.13 0.09 0.09 0.16 0.12
15-30 0.15 0.15 0.08 0.13 0.19 0.14
30-60 0.15 0.16 0.08 0.12 0.41 0.14
CD (0.05) 0-15 0.34 0.39 0.28 0.28 NS 0.36
15-30 0.46 0.46 NS 0.39 0.59 0.43
30-60 0.48 0.49 NS 0.36 1.25 0.42

in treatment 7 (2.03, 2.19 and 2.23) at all the soil layers. In the case of vertisol and alfisol, Mumagavan
depths over the rest of other treatments and it atas (2002) observed increase in SAR and ESP due to
par with treatments 3(1.99, 2.03 and 2.14) at all the application of spentwash. However, these valueR(SA
soil depths and 41(1.77) at 15-30 cm soil depth. The <3.62; ESP<4.8) were well below the threshold Igvel
lowest pooled SAR values of soil extract was obsgrv suggesting even at higher rate the spentwash
in treatment T (1.25, 1.33 and 1.39) over the rest of application is unlikely to cause any sodicity pexalin
other treatments at all the soil depths and it atgzar  these soils.

with treatments §(1.41, 1.48 and 1.67) at all the soil Effect of PBSW irrigation on microbial properties
depths and with 7(1.54 and 1.72) at 0-15 and 30-60 of soil: The higher bacterial, fungal and actinomycetes
cm soil depths (Table 10). It was clearly indicatiealt population were observed in treatmeptahd followed

the increase in PBSW application through irrigation by treatment 7inpooled mean and two years of the
increased SAR values of soil extract. The incraase experimentation. This might be due to the high piga
SAR values as increase in quantity PBSW applicationcarbon content in PBSW also helped in increasing
through irrigation was due to higher soluble *“Na bacterial population as well as different levels of
concentration present in PBSW in both the years ofPBSW (Table 11). Mallikat al., (2003) reported that
study and SAR values of soil extract in all theethr the microbial population increased upto flowering
soil depths were gradually increased at the end oftage and thereafter it decreased. The high organic
experiment as compare to initial soil values. The carbon content of PBSW serves as food and energy fo
PBSW also contain high amount of colloidal organic soil microorganisms. The microbial populations
matter which decomposes easily and thereby increasfbacteria,fungi, actinomycetes, azotobacter, and
physical properties of surface soil, due to whicbré  phosphate-solubilizing bacteria) increased withan
was leaching of Nafrom surface layer to 15-30 and increase in the levels of application of PBSW
30-60 cm soil layer. This leaching of Ni&n lower (Deshpandeet al., 2012). However, the lowest
layers was responsible for increasing SAR of lowerbacterial, fungal and actinomycetes population was
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Table 11.Effect of PBSW application through irrigation on maibial population at harvest of soybean and wf@4ts cm soil
depth).

Bacterial population ( x1F CFU g*)

Treatment 2009-10 2010-11 Pooled
Initial Soybean Wheat Soybean Wheat Mean

T, 8.75 9.5% 9.50 9.78 8.75 9.38

T, 12.25 13.08 13.00 12.00 11.50 12.38

Ts 12.50 14.00 12.50 12.7% 11.00 12.58

Ts 9.62 10.7%° 10.38 9.28 9.50 9.9%

Ts 9.12 9.6% 10.00 9.3% 9.25 9.58

SEx+ 0.914 1.09 1.070 0.67 0.898 0.26

CD (0.05) 2.819 3.38 NS 2.07 NS 0.81

Fungal population ( x1GCFU g*)

T, 3.10 3.18 3.40 3.08 3.2¢ 3.2F

T, 4.05 4.18 5.1P 3.98 4.6¢ 4.48

Ts 4.22 4.38 5.08" 4.08 4.5¢ 4.5¢

T, 3.22 3.36 453 3.43 4.48 3.94

Ts 3.15 3.28 437 3.2¢ 4.48 3.87

SEx+ 0.098 0.139 0.128 0.108 0.104 0.14

CD (0.05) 0.303 0.430 0.396 0.334 0.321 0.43

Actinomycetes population ( x18CFU ¢

T, 2.32 2.48 2.3¢ 2.35 2.35 2.3¢

T, 3.05 3.43 3.23" 3.2¢ 3.10° 3.2¢

Ts 3.32 3.58 3.48 3.38 3.2¢ 3.47

Ts 2.70 2.98 3.00° 2.78 2.88° 2.90

Ts 2.50 2.86° 2.78 2.7% 2.7% 2.76

SEx+ 0.11 0.105 0.094 0.105 0.106 0.03

CD (0.05) 0.33 0.324 0.291 0.324 0.325 0.10

observed in RD-NPK in both the years of of NP and K by soybean and wheat was found in 25
experimentation. and 50 % N-PBSW + remaining N and P-chemical
Effect of PBSW irrigation on uptake of NPK: The  fertilizers. This might be due to more solubility o
highest total uptake of N and P by cropping chemical fertilizers as well as fast mineralizatioh
sequence was noticed in 25 % RD of N - PBSW + rePBSW applied in small quantity which increased the
maining N and P through chemical fertilizers (Tab®)  availability of nutrients, ultimately increased lgieand
and total uptake of K in RD-NPK over the rest dfat  uptake of nutrients. Sukanya and Meli (2004) inttida
treatments (Table 12). The treatments RD-NPK andthat the total nutrient uptake by wheat was
25 % RD of N -PBSW + remaining N and P through significantly higher at 1:50 dilution level as it
chemical fertilizers were at par with each other fo produced maximum biomass and economic yield.
total uptake of N, P and K by cropping sequence. In Effect of PBSW irrigation on Yield

creased PBSW application Grain and straw yield of soybean:The treatment T
proportionately, decreased the total N, P and Kket (3.83 g hd) recorded highest grain yield of soybean
by soybean and wheat crop during both the years ofind it was at par with s{3.44 q h&). Whereas, the
experimentation (Table 12). The increased totahkmt treatment T(25 % N - PBSW + remaining N and P
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Table 13. Effect of PBSW application through irrigation on igrand straw yield of soybean and wheat.

Soybean grain yield (q h&) Soybean straw yield (q hd)

Treatment 2009-10 2010-11 Pooled 2009-10 2010-11 Pooled
mean mean

T, 383 8.02 5.93 15.02 19.94 17.48
T, 1.98 439 3.19 6.93 10.5¢ 8.72
Ts 2.35 5.73 4.04 13.80 12.14 12.97
T, 3.03 7.99 5.51 13.42 17.57 15.50
Ts 3.44° 9.46 6.45 15.48 20.3¢ 17.92
SE+ 0.19 0.35 0.40 1.23 0.84 1.13
CD (0.05) 0.59 1.08 NS 3.81 2.59 NS

Wheat grain yield (q ha") Wheat straw yield (q ha’)
T1 33.1¢ 40.64 36.92 43.8% 56.62 50.22
T, 14.64 19.92 17.28 22.14 35.4% 28.80
Ts 15.84 25.76 20.77 22.87 37.18 30.07
T4 27.80 34.47 31.14 33.47 55.23 44.3%
Ts 29.58% 37.61° 33.58 40.96 57.3% 49.16
SE+ 1.17 1.98 1.01 2.01 2.63 2.23
CD (0.05) 3.60 6.11 3.12 6.20 8.12 6.71

through chemical fertilizers) was at par withdand T, (33.58 g hd) was recorded in treatment &nd it was
(3.03 q hd) and the T (1.98 g hd) treatment showed at par with T (31.14 q hd). The lowest grain yield of
lowest grain yield of soybean during the year 2009- wheat was obtained in treatment (L00% N - PBSW
which was at par with 5(2.35 q hd). During 2010-11,  + without P chemical fertilizer) during both theays

the treatment J(9.46 q hd) had given significantly  of experimentation and in pooled means (14.64,219.9
highest yield of soybean grain, next to that(8.02 ¢  and 17.28 q h§ respectively). The similar trend was
ha') yielded more which was statistically at par with observed in straw yield of wheat (Table 13). The
T, (7.99 g hd). The treatment ;T(4.39 q hd) significantly  increasing grain and straw yield of wheat in 25 and
yielded lowest soybean grain during 2010-11. The50% RD of N through PBSW and remaining N and P
statistically differences in pooled grain yield smfybean  through chemical fertilizers treatments was undeego
was non significant (Table 13). However, the simila speedy decomposition due to high amount of chemical
trend of straw yield of soybean was observed as peN through fertilizers, which was helpful for incesag
grain yield. The RD-NPK was at par with 25 % RD of soil available nitrogen rather than immobilizatias

N through PBSW + remaining N and P - chemical seen in 100 % N-PBSW treatments. The salt load
fertilizers for grain yield of soybean during theay =~ added through 25 or 50 % N-PBSW treatments was
2009-10. It clearly indicated that 25 % N fertilize also low as compare to 100 % N-PBSW, which was
could be saved by application of PBSW. This might b tolerated by the wheat, due to its well known taiere
due to mineralization of organic matter of PBSW andnature against salt (Maas and Hoffman, 1977). The
during the mineralization process more availabitify  other beneficial aspects of PBSW, as it contains
nutrients including micronutrients to soybean. Bfies  micronutrients, plant growth harmones were also
et al., (2009) reported that the grain and straw yields ofhelpful for wheat growth at lower salt concentratio
soybean were significantly increased over contr@ d level (Zalawadiaet al., 1997 and Rajukkannu and
to application of various levels of PBSW. The grai Manickam, 1997).

yield of soybean at all the levels of PBSW was fbun Effect of PBSW irrigation on economics of soybean
significantly superior over control. However, due t and wheat: The gross returns, net returns and B: C
uncertainty in rains duringharif, PBSW application ratio of soybean and wheat was highest in treatffignt
through irrigation to soybean can become questienab (Rs. 59969 ha Rs. 18540 hAand 1.44) in the year
and hence cannot be recommended. 2009-10. During the year 2010-11, the highest gross
Grain and straw yield of wheat: The significantly  returns and net returns of soybean and wheat was
highest pooled grain yield of wheat was recorded inrecorded in treatment, TRs. 76433 hdand Rs. 35579
treatment T(36.92 q h#d) Among the PBSW ha') and B: C ratio in treatment; 11.96). The lowest
treatments, the highest pooled grain yield of wheatmean of gross returns, net returns and B: C ratio o
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soybean and wheat was recorded in treatmeninT

both the years of experimentation. The highest noédan Deshpande,
B: C ratio of soybean and wheat was observed in

treatment F and followed by T. This might be due to
higher grain yield of soybean and wheat crop was ob
tained in these treatments as compared to othat- tre

ments.

Balasubramaniarat al. (2013) reported that

the B: C ratio of 1.82 was recorded by the additén
treated sugarcane distillery effluent @ 40,000 T ha

with

100 per cent NPK which was on par with the

application of treated sugarcane distillery effluem
40,000 | ha with 75 per cent NPK.

Conclusion

Looking to the high BOD, COD, high salt load of
PBSW and soil properties, it can be concluded tthat

25%

recommended dose of N through PBSW

application through irrigation and remaining N ad
through chemical fertilizers to soybean and wheap c
was improvement in physical, chemical and micrbbia
soil properties as compared to RD-NPK at all thewié

depths.
replaced by PBSW for soybean and wheat crop in

The 25 % N-recommended dose can b
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(2009).Effect of application of post biomethanated
spentwash on soil and water properties, nutrietakep
and vyield of rainfed pearlmillet in Maharashtra: In
Sate level seminar on soil management for food
security, 91. Rahuri, India: Mahatma Phule Agricul-
tural University.

Deshpande, A.N.,.Palwe, C.R and Ware,R.V. (2011). Resid

ual effect of post biomethanated spent wash on soil
properties and vyield of chickpea in pearl millet-
chickpea sequence. |&ate level seminar on potas-
sium for better production and higher quality of crops
78.Rahuri, India: Mahatma Phule Agricultural
University.

Halvorson, H.O. and Ziegler, N.R.(1993).Applicatiaf

statistics of problems in bacteriology. I.A. meafs
determining bacterial population by the dilution
method.Journal of Bacteriology, 25:101-121.

Hati, K.M., Biswas, A.K.. Bandopadhyay, K.K. and Miah

A.K. (2004). Effect of post methanation
effluent on soil physical properties under a
soybean-wheat system in a Vertisdburnal of the
Plant Nutrition and Soil Science, 166: 345-347.

. ?Jackson, M.L. (1973)Soil Chemical Analysis. New Delhi :

Prentice Hall of India Pvt. Ltd.

sequence without disturbing soils by salt load. Thejoshi H.C., Kalra, N., Chaudhary, A. and Deb, [1294).

PBSW application through irrigation

in two equal

splits at 2" and ¥ irrigation for soybean and three
equal splits at & 4" and %' irrigation for wheat is

recommended. The remaining recommended N and Kalaiselvi, P.

dose should be supplied through chemical fertéizer
As the PBSW contain high amount of K, potassium
fertilizers should not be added separately.
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