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Abstract In the peri-urban areas of central India,
sewage water is a valuable resource for agricul-
tural production. In this study, impact of domestic
sewage water irrigation for 5 years on Vertisol
with no previous history of sewage irrigation was
investigated in an ongoing field experiment at
Bhopal (India) under subtropical monsoon type
climate. The wheat (Triticum aestivum) crop was
grown during post-rainy winter season with 30 cm
of irrigation (groundwater or sewage water) and
four nutrient treatments (T1, 0; T2, 100%; T3,
50%; and T4, 50% of general recommended doses
of NPK + FYM at 10 Mg/ha). Results showed that
sewage irrigation of about 150 cm over a period
of 5 years resulted significant increases in salinity
as well as available fractions of N, P, K, and mi-
cronutrients, viz., Zn, Fe, and Mn in soils. Carbon
and phosphorus applied through sewage water
were accumulated more in subsoil layer compared
to topmost plough layer. Soil microbiological ac-
tivity, as indicated by soil respiration, microbial
biomass C, as well as dehydrogenase enzyme ac-
tivity was higher in sewage water-irrigated soils.
There was also significant increase in fungal and
actinomycetes as well as total coliform population
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in such soils. Nutrients supplied through sewage
water were not able to raise the productivity of
wheat to the level that obtained through fertil-
izers at the recommended level which indicated
that additional nutrients through fertilizers are
required to obtain higher productivity of wheat
under sewage farming. Protein and Zn content in
wheat grains were more when the crop was grown
with sewage irrigation. Overall results show that
except for increase in coliform population, short
duration (5 years) of municipal sewage water irri-
gation did not have any appreciable harmful effect
on soil quality as well as crop productivity; rather,
it proved beneficial in improving soil fertility,
wheat productivity, and produce quality.
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Introduction

The rapidly expanding urban communities are
producing an increasing amount of sewage efflu-
ent. This has been used for irrigation in agriculture
worldwide since the last century; as it is cheap to
dispose such effluents in this way and provides
water and nutrients for crops. Most cities in devel-
oping countries like India have large numbers of
open and covered channels which carry a mixture
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of wastewater generated by domestic, municipal,
and industrial activities. Farmers in the peri-urban
area who live nearby such water sources divert
this untreated wastewater for irrigation whenever
needed as it proves to be low-cost alternative to
conventional irrigation water. It supports liveli-
hood and generates considerable value in urban
and peri-urban agriculture of India, despite the
health and environmental risks associated with
this practice. Besides water for irrigation, farmers
are also benefited from high plant nutrient content
in the sewage water as they incur no or little
investment in fertilizer purchase. In Hyderabad
declaration (IWMI 2002), researchers from 18
countries recognized that wastewater (raw, di-
luted, or treated) is a resource of increasing global
importance, particularly in urban and peri-urban
agriculture. Such land application of domestic
waste water is gaining momentum owing to the
fact that land application provides primary, sec-
ondary, and tertiary treatment to waste in a sin-
gle operation, with recycling and reuse benefits
of wastewater and nutrients for biomass produc-
tion (Idelovitch and Michael 1984; Smith and
Schroeder 1985), besides preventing the pollution
of streams and lakes.

Untreated wastewater, flowing through a nat-
ural seasonal creek toward northeast of Bhopal
City of India (with about 1.5 million population)
is used for irrigation to the lands near it. Although
the area receives good amount of rainfall, almost
all of it flows down to rivers and lakes leaving little
for irrigation during the rest of the months. Avail-
ability of groundwater in the area is insufficient
even for drinking water, and hence, utilization of
it as a source of irrigation is either impossible
or costly. Hence, sewage water as a source of
irrigation is getting popular, and farmers are even
pumping this to newer areas, kilometers away
from the sewage-carrying creek. As new areas are
being introduced under sewage farming due to
rapid expansion of city areas in highly populous
countries like India, information is required on
the dynamics of changes in soil properties due
to introduction of such untreated domestic waste
water and a need for nutrient management tech-
nology for the farmers growing crops under such
system. Several investigations have been carried
out on long-term sewage-irrigated areas on the

effect of input of organics, nutrients, and salts
through wastewater irrigation (Siebe 1998; Friedel
et al. 2000; Ryan et al. 2006; Kakar et al. 2006;
Bhise et al. 2007; Ghafoor et al. 2004). However,
conclusions from these investigations were made
by comparing with the places those that are gen-
erally far away from sewage-irrigated farms with
possible variations in land topography, soil char-
acteristics, cropping, irrigation, and fertilization
history. Keeping these in view, a field experiment
was initiated in the year 2002–2003 on a cropped
land about 4 km away from untreated sewage
carrying channel. Although this experiment has
been planned for long duration, the impact on
soil chemical and biological properties was inves-
tigated after 5 years of sewage irrigation.

Methodology

Background information about
the experimental site

Experimental site lies in Vertisol (Typic
Haplustert) area at the farm of the Indian
Institute of Soil Science, Bhopal (77◦27′ E and
23◦20′ N at 495 m above mean sea level), with no
history of sewage irrigation and having subtropical
monsoon type climate (mean annual precipitation
1086 mm) with hot summer (maximum day
temperature 35–42◦C) and mild winter (minimum
night temperature 10–17◦C). About 90% of the
annual precipitation is received during mid-June
to mid-September. Soils of the experimental site
are alkaline in reaction with a heavy texture.
Some of the soil physical and chemical properties
of the soil profile are given in Table 1.

Experimental treatments

Field experiment was initiated during the winter
season of 2002 on wheat (Triticum aestivum)—
soybean (Glycine max) cropping system. Wheat
(var. WH-147) was grown after soybean during
the winter months (November–March) with six
irrigations of 5 cm each (including one pre-sowing
irrigation). The crop was grown with two irriga-
tion treatments (W1, groundwater and W2, sewage
water) and four nutrient treatments (T1, 0; T2,
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Table 1 Some of the physical and chemical properties of the vertisol profiles of the experimental area

Soil depth Particle size fractions (%) Bulk density pH CaCO3 BSa Exch. Ca Organic C

interval (cm) 2–0.05 mm 0.05–0.002 mm <0.002 mm (g/cm3) (%) (% CEC) (% of BS) (g/kg)

0–15 7.5 37.0 55.5 1.58 7.6 2.6 97.6 60.1 5.1
15–30 9.6 33.8 56.6 1.70 7.8 2.6 95.5 60.3 4.1
30–45 8.5 35.0 56.5 1.88 7.8 2.7 96.4 60.5 3.3
45–60 8.0 35.0 57.0 1.80 7.8 2.6 98.0 60.9 3.1
60–75 8.1 35.4 56.5 1.72 7.8 2.6 98.3 60.2 3.4
75–90 12.5 29.5 58.0 1.80 7.9 2.6 94.5 54.3 3.3
aBase saturation in percent of cation exchange capacity

100%; T3, 50%; and T4, 50% of general recom-
mended doses of NPK + FYM at 10 Mg/ha) with
three replications. Recommended dose of fertil-
izer for wheat was 120 kg N, 26 kg P, and 50 kg
K/ha. Soybean (var. JS 335) was grown rainfed
during rainy season with general recommended
doses of fertilizers (20 kg N, 25 kg P, and 30 kg
K/ha).

Characteristics of sewage water

Sewage water samples were analyzed for different
chemical parameters following standard methods
(Greenberg et al. 1992). Heavy metal concentra-
tions in the water samples were determined with
the help of Polarographic analyzer (Radiometer
make, TraceLab which includes MDE150 and
POL150) using HMDE technique. Chromium
was determined with inductively coupled plasma-
optical emission spectrophotometer (ICP-OES).

Sewage water used as irrigation in this experi-
ment was, on an average, nearly neutral in reac-
tion (pH 7.4), non-saline (EC, 0.83 mS/cm) and
with low sodium hazard (SAR: 3.67). The ground-
water used in the experiment was lower in EC
(0.57 mS/cm) and SAR values (0.98) than sewage
water. Total organic C, N, P, and K contents in
the sewage water were, on an average, 214, 27, 22,
and 23 mg/L. Average contents of heavy metals
like Zn, Cu, Pb, Cd, Cr, and Ni were, respectively,
70, 15, 11, 1, 27, and 15 μg/L.

Sampling of soil and plant parts

Soil samples were taken from maximum rooting
zone depth at two layers (0–15 and 15–30 cm)
with screw auger from six places of each plot and

were pooled. Samples were air-dried, the roots re-
moved, ground, and sieved (2 mm) before chemi-
cal analysis. Soil enzyme activities were measured
in field moist samples.

Flag leaves of wheat plant were collected dur-
ing panicle emergence, washed with acidic water
(0.05 M HCl) followed by distilled water and dried
at 70◦C for 24 h. At harvesting stage, above-
ground biomass was collected; grains were sepa-
rated, washed, and dried separately as above.

Analytical methods

Electrical conductivity and pH were estimated in
1:2 soil/water extract by routine methods (Page
et al. 1982). Organic C was estimated by method
described by Walkley and Black (1934). Avail-
able N was determined by alkaline permanganate
method, available P using NaHCO3 extractant
and available K using neutral ammonium acetate
extractant as described in Page et al. (1982). Avail-
able metal contents were determined using DTPA
extractant as described by Lindsay and Norvell
(1978). Total N, P, and K in the soil samples were
determined by the methods described in Page
et al. (1982). For total metal analysis, soil samples
were digested by method described by Jackson
(1958) and analyzed with ICP-OES.

In situ soil respiration was measured for
15 days in the field during maximum tillering stage
3 days after fourth irrigation applied to the crop
(Anderson 1982). Soil samples were collected dur-
ing that period for studying soil biological and
biochemical activity. For soil enzymes, dehydro-
genase activity was measured by the method of
Casida et al. (1964), alkaline phosphatase activity
by the method of Eivazi and Tabatabai (1977),
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and urease activity by the method of Tabatabai
and Bremner (1972). Soil microbial biomass C was
measured by fumigation extraction on three repli-
cates (Vance et al. 1987). The total populations of
different groups of microorganisms in soil samples
were enumerated by standard serial dilution tech-
nique. The agar media used were nutrient glucose
agar for bacteria (Allen 1953), rose bengal agar
for fungi (Martin 1950), and Kenknight’s agar for
actinomycetes (Allen 1953). For enumeration of
coliform count, ready-made media of HIMEDIA
make (HiTouch Flexiplate FL002) were used.

For analysis of P, K, Na, Ca, Mg, and heavy
metals in plant, samples were digested with di-
acid mixture containing concentrated HNO3 and
HClO4 (in 10:1 ratio), and for analysis of N,
samples were digested with concentrated H2SO4

(Singh et al. 1999). Phosphorus in the extract and
digested samples was estimated colorimetrically,
Na and K by flame photometer, Ca, Mg, and heavy
metals by ICP-OES spectrophotometer.

Statistical analysis

The analysis of variance (ANOVA) technique was
carried out on the data for each parameter as
applicable to split-plot design (Gomez and Gomez
1984). To determine the significance of difference
between means of two treatments, least signif-
icance difference (LSD) were estimated at 5%
probability level, and Duncan’s multiple range
test was used for comparing the means. As in-
teraction effects between the treatments were not

statistically significant for most of the analyzed
parameters, results of mean effects are presented
separately for both main plot (water) and sub-
plot (fertilizers) treatments. Wherever interaction
effects were found statistically significant, these
were discussed in the text.

Results and discussion

Changes in chemical properties of soil

Application of sewage water for 5 years did not
change mean pH of surface soil significantly;
though, application of mineral fertilizers alone
or in combination of organic fertilizers decreased
soil pH significantly over control (Table 2) at
both growing (45 days after sowing) and harvest-
ing stage of wheat crop. Single superphosphate
applied in these treatments has converted into
tri-calcium phosphates in the presence of free
CaCO3 resulting in release of protons causing
reduction of soil pH (McBride 1994). Irrigation
with sewage water resulted significant increase in
EC in the surface soil, though not to the extent
that can cause any adverse environment in the
rhizosphere environment. Electrical conductivity
(EC) of sewage water was found about 31–60%
more than groundwater.

Untreated sewage water contained a significant
amount of C (116–257 mg/L), and its application
for 5 years resulted significant increase in soil
organic C (SOC) in the soil profile up to 30 cm.

Table 2 Changes in some chemical and biochemical properties due to sewage irrigation and nutrient application

Treatments Ph EC DHA Alk. phosphatase Urease activity Microbial Basal respiration
(mS/cm) (mg TPF/g activity (μg NH4– biomass C (g CO2–

soil/h) (mg PNP/g soil/h) N/g soil/2 h) (μg/g) C /m2/day)

Main plot
W1 7.76a 0.296b 0.133b 9.44a 51.9a 37.0b 2.47b
W2 7.74a 0.513a 0.144a 7.84a 44.9a 53.9a 3.01a

Subplot
T1 7.85a 0.281b 0.120b 9.72a 50.4a 50.3a 2.49b
T2 7.69b 0.441a 0.140ab 9.21a 45.7a 57.6a 2.83ab
T3 7.76b 0.395ab 0.126b 7.71a 46.5a 53.9a 2.67ab
T4 7.69b 0.500a 0.165a 7.93a 50.9a 53.6a 2.97a

Column means followed by the same letter are not significantly different among themselves at 0.05 probability level
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Fig. 1 Effect of
a irrigation water quality
and b fertilizers/manure
on the organic C content
in the soil profile
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Magnitude of increase was higher in 15–30 cm
depth compared to the topmost layer (Fig. 1a).
In another experiment, it has been estimated
that this soil needs more than 887.8 kg C/ha/year
input in order to enhance the SOC from the
equilibrium level in the current cropping system
and management practices (Kundu et al. 2001).
Carbon added through sewage water was, how-
ever, much less (about 72% of its input required
for SOC maintenance) compared to 210% addi-
tion through manure (in T4 treatment). Carbon
added through sewage water might have perco-
lated down through cracks and macropores and
accumulated in the subsoil layers. As uppermost
soil layers are subjected to frequent tilling, major-
ity of the accumulated C are mineralized resulting
little SOC build-up. On the contrary, C entered in
the deeper layer are sequestered because of being
less subjected to microbial attack. Manure appli-
cation (equivalent to about 1,860 kg C/ha/year)

in T4 treatment caused significant SOC build-up
(about 24% more) compared to no manure plots
(Fig. 1b). Application of fertilizers did not result
in any significant changes in SOC contents in soil
layers.

Changes in biological and biochemical activity

Soil microbial biomass C during maximum
tillering stage was significantly increased by about
45% due to sewage irrigation (Table 2). Applica-
tion of wastewater-containing organic substances
and nutrients has also been found to increase
total microbial biomass (Goyal et al. 1995; Friedel
et al. 2000). Sewage irrigation for 5 years has
significantly increased mean fungi and actino-
mycetes population in the surface soil by, respec-
tively, about 125% and 75% (Table 3). Ratios
of bacteria to fungi and actinomycetes to fungi
decreased considerably in both the layers due

Table 3 Changes in microbial populations in soil due to sewage irrigation and nutrient application

Treatments Fungi population Bacterial population Actinomycetes population Total coliform
(103 cfu/g) (1010 cfu/g) (103 cfu/g) (cfu/g)

Main plot
W1 6.6b 15.9a 57.2b 0.7b
W2 14.8a 23.7a 100.2a 16.0a

Subplot
T1 14.8ab 19.4a 72.8a 8.0a
T2 2.2b 19.8a 64.9a 7.5a
T3 3.9b 20.2a 101.2a 7.5a
T4 21.9a 19.7a 76.0a 10.5a

Column means followed by the same letter are not significantly different among themselves at 0.05 probability level
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to sewage irrigation for 5 years. This indicates
that increase in fungal population was more than
the proportional increase in bacterial and actino-
mycetes population, which may be due to influx
of active C through untreated sewage water. Total
coliform population (a group of organisms respon-
sible for acute gastroenteritis in mammals) had
significant presence in sewage-irrigated plots even
after harvest of wheat crop, which was obviously
due to its entry through untreated sewage water.
Sewage irrigation as well as manure application
resulted in significant increase in CO2 evolution
from soil surface during the 13-day period after
irrigation at this physiological stage, which may
be due to incorporation of C substrate and in-
crease in metabolic activity of soil microorganisms
(Table 2).

Dehydrogenase enzyme activity (DHA) was
about 8.2% higher in sewage-irrigated soil com-
pared to groundwater-irrigated soil (Table 2). Ap-
plication of mineral fertilizers at highest dose (T2)

as well as manure (T4) also increased its activ-
ity significantly. Dehydrogenase enzyme systems
play significant role in oxidation of soil organic
matter as they transfer H from substrate (organic
compound) to acceptor. Skujin (1973) observed
that DHA was highly correlated with CO2 release.
Further, Friedel et al. (2000), in their investi-
gation on long-term sewage-irrigated area, ob-
served that increase in DHA in sewage-irrigated
soils correlated with increase in total organic C;
while heavy metal build-up had an adverse ef-
fect on it. In this relatively short duration study,
however, rhizodeposition of C might have played
an important role in increasing DHA. Applica-
tion of fertilizers, manures, as well as sewage
irrigation resulted in considerable increases in
aboveground biomass growth, which might have
resulted in larger secretion of root exudates and
consequently higher microbial metabolic activity.
This may be related to the observed increases in
soil DHA.

Activity of alkaline phosphatase enzyme and
urease enzyme in soil during the maximum tiller-
ing stage of the crop was not significantly influ-
enced by the application of either fertilizers or
sewage irrigation (Table 2). Svensson and Pell
(2001) did not find any effect in long-term in-

organic P application on alkaline phosphatase
enzyme, though N fertilization had an influence
on it.

Changes in major nutrients content

Sewage irrigation increased available N, P, and
K contents in surface soil significantly (Table 4).
Available N, P, and K contents were found to be
about 11.4%, 44%, and 17% more, respectively,
in sewage-irrigated root zone soils compared to
groundwater-irrigated soils. As sewage water was
significantly contaminated with compounds of N,
P, and K, its irrigation for 5 years to wheat crop
added about 321 kg N, 262 kg P, and 282 kg K
per ha to the land, which resulted in the observed
increases in availability of these nutrients. Even
after application of 150 cm of sewage irrigation
during 5 years, available P content in the ex-
perimental site rose from low to high nutritional
level, based on the critical level of 7.25 mg/kg
as identified by Rao and Ganeshamurthy (1994).
Long-term sewage application has been found to
increase available P and K contents in soils of
different places (Siebe 1998; Ryan et al. 2006).
Extractable N, P, and K contents also increased
with fertilizer applications, and maximum concen-
trations of these nutrients were recorded with T4

treatment where both fertilizers and manure were
applied. Siebe (1998) also observed significant in-
crease in available P due to long-term wastewater
irrigation near Mexico City.

Although sewage irrigation for 5 years added
significantly higher content of P compared to fer-
tilizer and manure, it resulted in a small increase
(3.4%) in the total P content in the surface layer
soil (0–15 cm), but a significant increase in the
15–30 cm (8.6%) and 30–45 cm (5.1%) soil layer
(Fig. 2a). On the other hand, while there was
significant increase in total P content in the surface
layer (17.6%), magnitude of increase was small
in subsurface layer (2.5%) due to application of
single superphosphate in T2 treatment (Fig. 2b).
Phosphorus is generally immobile in soil due to its
high reactivity with soil components, and hence,
about 46% of the applied P was accumulated in
the uppermost 15 cm layer compared to about
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Table 4 Changes in major and micronutrient contents in soil due to sewage irrigation and nutrient application

Treatments Available major nutrients (μg/g) Total N (μg/g) Total K (%) DTPA extractable metals (μg/g)
N P K Zn Cu Fe Mn

Main plot
W1 84.2b 8.2b 242b 986a 1.13a 0.58b 1.13a 7.70b 8.35b
W2 93.8a 11.8a 283a 1017a 1.21a 0.82a 1.21a 8.27a 9.46a

Subplot
T1 76.0b 5.9c 237b 956b 1.13a 0.62b 1.16a 8.03a 7.86a
T2 95.6a 10.2b 274a 1005a 1.17a 0.65b 1.14a 7.87a 9.10a
T3 82.4b 7.5c 246b 973ab 1.16a 0.59b 1.17a 8.22a 9.21a
T4 102.0a 16.3a 293a 1073a 1.23a 0.92a 1.20a 7.82a 9.46a

Column means followed by the same letter are not significantly different among themselves at 0.05 probability level

22% in the next layer (15–30 cm) in the T2 treat-
ment. However, P applied through sewage water
might have percolated down the profile through
cracks, which are normally formed due to swell-
shrink nature of the Vertisol. Also, sewage wa-
ter contained significant proportion of organic P
(17–23%), which is generally less reactive with
soil component compared to inorganic phosphate
ions. Therefore, average P accumulation in 15–
45 cm soil layer was about 44% compared to about
12% in the topmost layer of sewage-irrigated
plots. Total N and K contents in the both the
layers were also increased due to sewage irri-
gation, though magnitudes were not statistically
significant. This may be due to relatively smaller
N and K addition through sewage water compared
to high total N and K present in soil. Though
the content of N increased significantly due to
application of fertilizers and manure in T2 and T4

treatments, magnitude of increase in total K was
statistically not significant.

Changes in trace element contents in soil

The soils of the area are generally deficient in
essential micronutrients viz., B and Zn for sev-
eral sensitive crops. Application of sewage sig-
nificantly improved availability of Zn, Fe, and
Mn as indicated by, respectively, 30%, 8.5%, and
13% increase in DTPA extractable contents of
these elements (Table 4). However, no significant
changes have been found in total content of these
elements. High microbial population and their
metabolic activity (as indicated by high microbial
biomass C, dehydrogenase enzyme activity, and
CO2 evolution) indicated that partial pressure of
CO2 in the soil atmosphere might be higher in
sewage-irrigated soil compared to groundwater-
irrigated plots. This might have caused solubiliza-
tion of CaCO3 granules and consequent release
of micronutrients bound by these. Available (hot
water extractable) B content was found similar in
both groundwater and sewage-irrigated soils.

Fig. 2 Effect of
a irrigation water quality
and b fertilizers/manure
on the total P content in
the soil profile
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Table 5 Effect of sewage irrigation and nutrient application on leaf tissue analysis of wheat plant at panicle initiation stage

Treatments N P K Na Ca Mg Zn Cu Fe Mn
(%) (%) (%) (μg/g) (%) (%) (μg/ g) (μg/g) (μg/g) (μg/g)

Main plot
W1 0.66a 0.14b 1.94a 262b 0.47a 0.18a 18.0b 8.2b 405a 72.2a
W2 0.71a 0.19a 1.87a 352a 0.40b 0.19a 19.8a 10.5a 421a 80.2a

Subplot
T1 0.66a 0.16ab 1.93a 290a 0.41a 0.17a 18.2a 8.7a 415ab 74.7a
T2 0.70a 0.17ab 1.87a 337a 0.43a 0.19a 19.8a 12.3a 402b 77.7a
T3 0.69a 0.15b 1.90a 323a 0.44a 0.18a 18.3a 8.7a 399b 70.7a
T4 0.69a 0.18a 1.91a 277a 0.46a 0.19a 19.3a 7.7a 434a 81.7a

Column means followed by the same letter are not significantly different among themselves at 0.05 probability level

Elemental concentration in plant tissue

At panicle initiation stage, flag leaves of wheat
grown with sewage irrigation had significantly
higher concentrations of N, P, Na, Zn, Cu, and
Fe, but lower concentration of Ca compared to
that grown with groundwater (Table 5). Increase
in availability of N, P, Na, Zn, and Fe in soil
may explain their increased concentration in leaf
tissue in sewage-irrigated plots. Analysis of wheat
grain also showed significant increase in N and Zn
concentration due to sewage irrigation (Table 6).
As N in grain is present mostly in the form of
protein, sewage irrigation was, thus, found to in-
crease the protein content of wheat grain by about
19%. About 42% of children in India are stunted
due to low dietary intake of Zn, and increase in
its concentration in wheat grain (irrigated with
sewage water) might help in combating such mi-
cronutrient malnutrition.

Effect on crop yield

Average grain and straw yields of the crop
were also significantly increased (31% and 43%,
respectively) with sewage irrigation (Table 6).
Application of fertilizers and manure improved
mean grain and straw yield; maximum being
recorded in plots receiving 50% RDF along with
10 Mg FYM/ha. In groundwater-irrigated plots,
application of higher doses of NPK fertilizers
(100% RDF in T2) significantly increased grain
yield compared to 50% RDF in T3; however,
yields in these treatments were not significantly
different in sewage water-irrigated plots. Grain
yield in sewage-irrigated control plot (receiving
no fertilizers) was almost at par with ground-
water-irrigated plots receiving 50% RDF. Thus,
untreated sewage has nutrient potential equiv-
alent to about 50% RDF and increased wheat
grain yield to more than optimum level observed

Table 6 Effect of sewage irrigation and nutrient application on leaf tissue analysis of wheat plant at panicle initiation stage

Treatments Grain yield Straw yield 1000 seed weight Seed width Seed N content Seed Zn content
(Mg/ha) (Mg/ha) (g) (mm) (%) (μg/g)

Main plot
W1 29.77b 35.99b 45.1b 2.77b 2.20b 25.28b
W2 38.98a 51.51a 49.1a 3.16a 2.63a 29.17a

Subplot
T1 23.06c 34.95b 46.2a 2.87b 2.27a 28.06a
T2 38.89a 47.60a 47.2a 3.02a 2.52a 26.94a
T3 33.14b 42.41ab 47.9a 3.01a 2.53a 28.61a
T4 42.41a 50.04a 47.1a 2.95ab 2.33a 25.28a

Column means followed by the same letter are not significantly different among themselves at 0.05 probability level
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(3.2 Mg/ha) in this area irrigated with groundwa-
ter. Nutrients supplied through sewage were at the
level of 67% N, 108% P, and 117% K of the 100%
RDF. Thus, N might be the limiting nutrient in
sewage-irrigated plots when compared with rec-
ommended dose of fertilizers for this crop. Sewage
water samples in the present study contained a
lower amount of N compared to those reported
from other places. Test weight as well as width of
grain of wheat crop grown with sewage water were
9% and 14% more compared to those grown with
groundwater irrigation (Table 6). This indicates
that seeds of wheat crop grown with sewage water
were heavier and bold compared to that grown
with groundwater.

Conclusions

Sewage irrigation of about 150 cm over a period
of 5 years did not leave any adverse effect on
soil chemical parameters, except slight increase in
salinity. Carbon accumulated below plough layer
in sewage-irrigated soil is less prone to microbial
mineralization due to less aeration and, therefore,
is sequestered for longer time. Increase in avail-
ability of P in the surface layer as well as its accu-
mulation in subsoil layer indicates that P fertiliza-
tion can be omitted in the sewage-irrigated area
at frequent intervals of cropping cycle. Increases
in DTPA extractable Zn content in soil due to
sewage irrigation were also reflected in its concen-
tration in leaf tissue and grain. Increases in soil mi-
crobiological activity might also be responsible for
transformation of nutrients like P and Zn in this
deficient soil. Nutrients supplied through sewage
water were not able to raise the productivity of
wheat to the level that obtained through fertilizers
at the recommended level which indicated that
additional nutrients particularly N through fer-
tilizer are required to obtain higher productivity
of wheat under sewage farming. Bold seed size
coupled with higher protein and Zn content in
wheat grains showed an improved seed quality
due to sewage irrigation.

Overall results show that short duration
(5 years) of municipal sewage water irrigation did
not have any harmful effect on soil quality as well

as crop productivity except for slight build-up in
coliform population; rather, it proved beneficial
in improving soil fertility, wheat productivity, and
produce quality. However, the long-term effect of
sewage farming on soil quality parameters needs
to be observed.
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