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Abstract Water shortage and soil qualitative degra-
dation are significant environmental problems in arid
and semi-arid regions of the world. The increasing
demand for water in agriculture and industry has
resulted in the emergence of wastewater use as an
alternative in these areas. Textile wastewater is pro-
duced in surplus amounts which poses threat to the
environment as well as associated flora and fauna. A

60-day incubation study was performed to assess the
effects of untreated textile wastewater at 0, 25, 50,
75, and 100 % dilution levels on the physico-
chemical and some microbial and enzymatic properties
of an aridisol soil. The addition of textile wastewater
provoked a significant change in soil pH and electrical
conductivity and soil dehydrogenase and urease activi-
ties compared to the distilled-water treated control soil.
Moreover, compared to the control treatment, soil phos-
phomonoesterase activity was significantly increased
from 25 to 75 % application rates, but decreased at
100 % textile wastewater application rate. Total and
available soil N contents increased significantly in
response to application of textile wastewater. Despite
significant increases in the soil total P contents after the
addition of textile wastewater, soil available P content
decreased with increasing concentration of wastewater.
Changes in soil nutrient contents and related enzymatic
activities suggested a dynamic match between substrate
availability and soil N and P contents. Aridisols have
high fixation and low P availability, application of
textile wastewater to such soils should be considered
only after careful assessment.

Keywords Textile wastewater . Soil nitrogen . Soil
phosphorus . Soil enzymes . Aridisol

Introduction

Overexploitation of water resources for agriculture,
industrial, and domestic use have made fresh water
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availability a limiting factor in arid and semi-arid
regions of the world (Rodríguez-Liébana et al.
2014). Therefore, finding alternate sources of water
for irrigation has been emerging a big challenge for
the agriculture sector. Reuse of wastewater in agri-
culture is gaining popularity as a low cost and useful
alternative for irrigation (Thapliyal et al. 2013;
Bame et al. 2014).

Textile wastewater constitutes a major part of
the total industrial effluents on global scale (Ghaly
et al. 2014). An estimated 1000–3000 m3 of
wastewater is produced for processing of 12–20
tons textile product which depends on the type of
textile processing operation (Al-Kdasi et al. 2004).
The textile sector is the mainstay of the economic
development in Pakistan. Textile wastewater gen-
erally has higher chemical oxygen demand (COD),
biological oxygen demand (BOD), dissolved
solids, macro- and micronutrients (Garg and
Kaushik 2008).

In Pakistan, about 30 % of wastewater is directly
utilized to fertigate 32,500 ha of land (Ensink et al.
2004), while 64 % is discharged into rivers without
any treatment (UN WWAP 2009). It has been
estimated that out of the total wastewater produced
in Pakistan, <8 % is treated only at primary
level through sedimentation (Pak-SCEA 2006).
Wastewater use for irrigation has the benefits to
reduce pollution pressure on freshwater resources
and conserving the useful nutrients in wastewater
for agriculture production (Mekki et al. 2006; Rhee
et al. 2011).

Nitrogen (N) and phosphorus (P) are essential
nutrients for plant growth, and their adequate sup-
ply is necessary to optimize plant growth which has
both economic and environmental implications.
(Grant et al. 2001; Tilman et al. 2002). Aridisol
are characterized for low organic matter content and
low soil N and P pools supporting the use of
nutrient-rich industrial wastewater to enhance soil
fertility to considerable extent (Garg and Kaushik
2006).

Activities of soil enzymes are good indicators
of changes in soil quality, and they represent inte-
grated status of soil fertility and nutrient transfor-
mations (Bergstrom et al. 1998; Zhao et al. 2012).
Dehydrogenase occurs in all intact and viable
microbial cells, so its activity is usually related
to the presence of viable microorganisms and their

oxidative capability, hence reflects general meta-
bolic and microbial activity of soil (Nannipieri
et al. 2002). Urease and phosphomonoesterase are
important extracellular hydrolases that convert urea
and orthophosphate monoester into ammonium and
orthophosphate, thus regulate both N and P cycles,
respectively (Zhang et al. 2015). Some previous
studies have reported the positive (Mosse et al.
2012), negative (Kayikcioglu 2012), and neutral
(Morugán-Coronado et al. 2011) effects of waste-
water on soil biochemical and microbiological
properties. In contrast, on a relative basis, a large
number of researchers have reported the effect of
textile wastewater application on food crops
(e.g., Kaushik et al. 2005; Garg and Kaushik
2008; Khalid et al. 2013). Therefore, there exists
a significant need to study how application of
untreated textile wastewater affect soil physio-
chemical and biological properties, especially by
keeping in view of the increasing number of
textile industry and resultant increase in the
discharge of wastewater in Pakistan.

The objective of this study, therefore, was to
characterize changes in soil physiochemical and bio-
chemical properties including soil nitrogen (N) and
phosphorus (P) concentrations and related enzymatic
activities after application of untreated textile waste-
water at different dilution levels in an agricultural
aridisol by using a 60-day laboratory incubation
study.

Materials and methods

Wastewater sampling and analysis

Textile wastewater was sampled from an industrial tex-
tile unit located at Khurianwala, Faisalabad, Pakistan
(31° 29′ N, 73° 17′ E). Sampling location represents a
typical textile industry of the main hub of textile indus-
trial estate at Faisalabad. Textile wastewater samples
were collected in triplicate in pre-cleaned plastic bottles,
and sample volume was ca. 2.5 L for each replicate
sufficient for the analysis and experimentation. No rain
event had taken place in the previous week or on the
sampling day. Samples were transported in an ice-cooler
to the laboratory and kept at 4 °C until used for further
experimentation. pH and electrical conductivity (EC)
were measured with a handheld water quality meter
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(WTW multi 350i, Weilheim, Germany). Chemical ox-
ygen demand (COD) was determined according to the
method of Knechtel (1978). Biochemical oxygen
demand (BOD) was measured according to the respiro-
metric method. Other analyses of textile wastewater
were performed using standard methods for examina-
tion of water and wastewater (APHA 1995).

Soil sampling and pre-incubation analysis

The soil used in this study was sandy clay loam and
belonged to Lyallpur soil series (aridisol-fine-silty,
mixed, hyperthermic Ustalfic, Haplarged; in Haplic
Yerrmosols in FAO Classification). Soil samples were
collected from a wheat field at Nuclear Institute for
Agriculture and Biology (NIAB) Faisalabad, Pakistan.
The site is located (31° 23′ N, 73° 20′ E) in the Sandal
Bar region, north-east (Punjab) Pakistan and in sub-
tropical monsoon climate. Soil samples were passed
through a 2-mm sieve to remove stones and/or any live
or dead plant parts. One part was air-dried at room
temperature for initial physical and chemical analysis
using standard methods described below (Table 2).
Water holding capacity of the soil was measured as the
experiment was conducted at 70 % of the water holding
capacity of the soil.

Construction of microcosm and experimental setup

Microcosms were constructed using the method de-
scribed by Riaz et al. (2012) involving PVC pipes of
3-cm diameter and 10-cm length with a fine-sealed
mesh at bottom. Experiment consisted of five treat-
ments: 0 (distilled-treated control), 25, 50, 75, and
100 % textile wastewater. Each treatment was replicated
five times, and experiment was laid in completely ran-
domized design (CRD) under laboratory conditions.
Different dilution levels for these treatments were
achieved by mixing untreated wastewater with distilled
water. Twenty-five microcosms were filled with 400 g
of homogenized soil at appropriate bulk density and
brought to moisture levels equivalent to 70 % water
holding capacity with respective treatment solutions.
The treatment solutions were gently sprayed in small
amounts at the surface of the soils in the microcosms so
that soils were least disturbed. After the treatment appli-
cation, microcosms were incubated at 25 °C in an incu-
bator for 3 days so that soil microbial activity was
stabilized. When the pre-conditioning/incubation period

was over, the microcosms were placed in loosely capped
plastic containers and placed in the incubator for
60 days. During the course of experiment, each micro-
cosmwas, periodically, checked for any loss of moisture
which was subsequently replenished with correspond-
ing treatment solution. In addition, each microcosm was
vented twice per week to remove the CO2 from the
headspace so that proper aeration was provided for
optimum microbiological activities. After 60 days, mi-
crocosms were removed from the containers, and soil
was transferred to plastic bags for physico-chemical and
enzymatic analysis. Soil samples were always kept at
4 °C when not required for analysis.

Soil analysis

Soil pH and EC were determined at 1:5 soil-water ratio
(w/v) on moist samples. Fifty milliliter distilled water
was added to 10 g moist soil samples. The suspension
was shaken for 30 min on an orbital shaker and was
allowed to settle for 1 hour before measuring the pH and
EC (WTWmulti 350i, Weilheim, Germany). In terms of
soil textural analysis, soil samples were characterized
for particle size distribution at the start of the experiment
using Bouyoucos hydrometer method of Gee and
Bauder (1986). Total organic carbon (TOC) content
was analyzed by dichromate oxidation and titration with
acidified ferrous ammonium sulfate without external
heat (Walkley and Black 1934). Soil total N was deter-
mined by the method of Bremner and Tabatabai (1972)
following Kjeldahl’s digestion and distillation proce-
dure. Total soil P was determined by alkaline extraction
followed by molybdate colorimetric measurement
(Murphy and Riley 1962). Soil available N was
measured by the method of Subbiah and Asija (1956)
using methyl red indicator and titration of distillate
to a colorless end point with 0.02 M NaOH. Soil avail-
able P was estimated using the method of Olsen et al.
(1954).

Soil enzymatic activities

Dehydrogenase activity was determined using the meth-
od of Casida et al. (1964). Briefly, 6 g moist soil was
incubated with 3 % triphenyl tetrazolium chloride
(TTC) in a test tube at 37 °C. After 24 h, 10ml methanol
was added to extract the triphenyl formazan. The con-
tent in each tube was mixed thoroughly, and supernatant
was filtered by methanol washing. The absorbance of
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the filtrate was measured at 485 nm, and dehydrogenase
activity was expressed as microgram triphenyl formazan
(TPF)g-1 soil h-1.

Urease activity in the soil sample was measured by
following the method of Kandeler and Gerber (1988).
Five grams of fresh soil sample was mixed with 2.5 ml
80 mM urea and 20 ml 0.1 M borate buffer (pH 10.0).
The mixture was shaken vigorously and incubated for
2 h at 37 °C. After incubation, 30 ml 2.0 M KCl was
added and shaken for 30 min followed by centrifugation
at 10,000 rpm for 2 min. The supernatant was filtered
through a Whatman no. 42 filter paper, and NH4

+ con-
centration was analyzed by measuring the absorbance at
690 nm. Urease activity was reported as microgram
NH4

+-N g-1 soil h-1.
Phosphomonoesterase activity was assayed fol-

lowing the method of Tabatabai and Bremner
(1969). One-gram moist soil was suspended in 4 ml
modified universal buffer of pH 11. Soil was incubated
after addition of 1 ml 0.025 M p-nitrophenyl phosphate
at 37 °C for 1 h; the enzyme reaction was stopped by
addition of 4 ml 0.5 M NaOH. The suspension, then,
was filtered through a Whatman no. 42 filter paper.
Absorbance of supernatant was measured at 440 nm.
Phosphomonoesterase activity was presented as micro-
gram p-nitrophenol g-1 soil h-1.

Statistical analysis

Data were subjected to analysis of variance test
(ANOVA) to identify significance of textile effluent
treatment effects on soil chemical and biological prop-
erties. Tukey’s HSD post hoc test was used for multiple
mean comparison technique for those parameters where
significant treatments effects were found. Nature and
strength of relationships described in 3D figures were
based on linear regression analysis. Figures and tables
contain means of five replicates followed by standard
errors of means unless otherwise stated. All statistical
analysis was performed using SPSS 21 for Windows
Software.

Results

Characteristics of textile wastewater

The textile wastewater pH was 10.1 and the EC was 7.3
dS m-1 (Table 1). Total dissolved solids (TDS), BOD,

and COD values were 4830, 351, and 800 mg L−1,
respectively. Concentrations of total C, total inorganic
C, and total dissolved C in the textile wastewater were
394.2, 159.9, and 234.3 mg L-1, respectively. The textile
wastewater also contained considerable concentrations
of total dissolved N dominated by dissolved organic N
(79.15 mg L-1).

Initial physicochemical soil properties

The soil, used in this study, was a sand clay loam typic
haplocambids of aridisol soil order (Table 2). The soil
was slightly alkaline with pH 7.6 and EC 2.04 dS m-1.
Soil nutrient analysis showed that it had 3.26 g kg-1 total
N, 0.63 g kg-1 available mineral N, 160 mg kg-1 total P,
and 6.3 mg kg-1 available P. Total organic C contents of
the soil was 69.2 g kg-1.

Effects of wastewater on soil pH and EC

Soil pH and EC were increased consistently with the
increase in the concentration of wastewater; however,
treatment effects were not always significant (Table 3).
pH increased from 7.60 for the control treatment to 8.06
for the 100 % wastewater treatment. However, change

Table 1 Physico-chemical characteristics of textile wastewater
used in the study

Physical/chemical property Value

pH 10.1

EC (dS m-1) 7.3

Chemical oxygen demand (COD; mg O2 L
-1) 800

Biological oxygen demand (BOD; mg O2 L
-1) 351

Total dissolved solids (TDS, mg L-1) 4830

Total carbon (TC, mg L-1) 394.2

Total inorganic carbon (TIC, mg L-1) 159.9

Dissolved organic carbon (DOC; mg L-1) 234.3

Total dissolved nitrogen (TDN; mg L-1) 86.05

NH4
+-N (mg N kg-1 soil) 6.5

NO3
--N (mg N kg-1 soil) 0.4

Dissolved inorganic nitrogen (DIN; mg L-1) 6.9

Dissolved organic nitrogen (DON; mg L-1) 79.15

Na+ (mg L-1) 1300

K+ (mg L-1) 19.5

PO4
-1 (mg L-1) 17.2
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in pH for the treatments containing 75 and 100 %waste-
water was significantly higher compared to the control
treatment. Change in soil pH in response to application
of 25 and 50 % wastewater was not significantly differ-
ent to the other treatments. Changes in soil EC followed
similar trend to that of the pH; increase in EC for the 50,
75, and 100 % wastewater receiving treatments was
significant compared to the control and 25 % wastewa-
ter treatments (Table 3). Both the control and 25 %

wastewater treatments were not resulted in a substantial
change in EC. However, increase in EC of soil treated
with 50, 75, and 100 % wastewater was significant, and
the highest EC of 2.76 d Sm-1 was noted for the soils
received 100 % wastewater.

Effects of textile wastewater on activities of soil
enzymes

Textile wastewater application altered soil dehydro-
genase activity in the soils incubated for 60 days
(Fig. 1a). There was no significant change in dehy-
drogenase activity of soil treated with distilled water
and 25 % wastewater. A significant increase in soil
dehydrogenase activity was recorded when wastewa-
ter was applied at 50, 75, and 100 % wastewater
application rates. Dehydrogenase activity of the soils
incubated with 75 and 100 % wastewater was signif-
icantly higher compared to that in the 0, 25, and 50 %
wastewater treatments. However, dehydrogenase ac-
tivity in the 75 and 100 % wastewater treatments was
not significantly different from each other. Increase
in dehydrogenase activity was linear but less sharp
(Fig. 1a; y= 2.298x+ 28.71, R2 = 0.97).

Increase in the soil urease activity in response to
wastewater treatments was clearer, significant, and
followed a sharp linear increase (Fig. 1b; y=12.512x +
10.404, R2=0.99). Urease activity of soils at 75 and
100 % wastewater application rate was more than three-
fold higher compared to the distilled water-treated con-
trol soil. Moreover, the highest soil urease activity of
72 mg NH4

+-N 100 g-1 was found in soil supplied with
undiluted wastewater.

Phosphomonoesterase activity varied in soil re-
ceiving textile wastewater at different dilution con-
centrations and followed a non-linear trend (Fig. 1c;
y =−2.0214x2 + 13.771x + 17.912, R2 = 0.95). A sig-
nificantly higher phosphomonoesterase activity was
observed in soils treated with 25 % wastewater than
that for the distilled water-treated control. Increase
in phosphomonoesterase activity was also observed
in soil treated with 50 and 75 % wastewater; how-
ever, these treatments were not significantly differ-
ent from each other. However, application of 100 %
wastewater reduced phosphomonoesterase activity
compared to the soil treated with 50 and 75 %
wastewater. Phosphomonoesterase activity for soils
treated with 25 and 100 % wastewater was non-
significant and similar.

Table 2 Physico-chemical properties of agricultural soil used in
the study

Analysis Value Reference

Sand (g kg-1) 468 Gee and Bauder (1986)
Silt (g kg-1) 146

Clay (g kg-1) 386

Textural class Sandy clay
loam

pH1:5 (H2O) 7.60 Gee and Bauder (1986)
EC (dS m-1) 2.04

Soil organic matter
(g kg-1)

11.93 Walkley and Black (1934)

Total soil C (g kg-1) 6.92

Total soil N (g kg-1) 3.26 Bremner and Tabatabai
(1972)

Soil available N
(g kg-1)

0.63 Subbiah and Asija (1956)

Total soil P
(mg kg-1)

160 Murphy and Riley (1962)

Soil available P
(mg kg-1)

6.3 Olsen et al. (1954)

Table 3 Effect of textile wastewater application on soil pH and
EC treated with 0–100 % effluent concentrations after 60 days of
incubation.

Treatment
(% Effluent)

pH EC (d Sm-1)

0 7.60 ± 0.07 a 2.04 ± 0.05 a

25 7.90 ± 0.07 ab 2.19 ± 0.05 a

50 8.00 ± 0.07 ab 2.54 ± 0.05 b

75 8.02 ± 0.12 b 2.62 ± 0.04 bc

100 8.06 ± 0.14 b 2.76 ± 0.02 c

Values are means of five replicates followed by standard errors of
means. Means in a column with different letters differ significantly
from each other at p< 0.05 (one-way ANOVA; Tukey’s HSD post
hoc test)
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Fig. 1 Effect of textile
wastewater on a dehydrogenase
activity (μg triphyenyl-formazan
h-1 g soil-1) b soil urease activity
(μg NH4

+-N g-1 soil h-1) and c soil
phosphomonoesterase activity
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letters differ significantly from
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Effects of wastewater on soil nutrient contents

Total N concentration in soil increased in response to
wastewater applied at different dilution levels (Fig. 2a).
For the distilled water-treated control and 25 % diluted
wastewater applied soil, the change in total soil N con-
tents was not significant. However, increase in total N
contents of soils treated with 50, 75, and 100 % textile
wastewater was significantly higher. The highest total N
contents of 6.08 g kg soil-1 were noted for soil treated
with undiluted wastewater. Increase in total P contents
of soil treated with wastewater was more consistent than
the increase in total soil N contents; however, the treat-
ment effects were not always significant (Fig. 2b). Total

P contents increased from 154.27 mg kg soil-1 for the
distilled water-treated soil to 228.58 mg kg soil-1 for the
soil supplied with textile wastewater at 100 % dilution
level. However, treatments of 75 and 100 % wastewater
resulted in significantly higher total soil P contents
compared to the distilled water control treatment.

Concentrations of available N were generally sim-
ilar to total N contents of the soil for the all treat-
ments (compare Figs. 2a and 3a). However, in con-
trast, there was a mismatch between the total and
available P contents of the soil treated with wastewa-
ter at 75 and 100 % concentrations (Figs. 2b and 3b).
Soil available N contents varied from 0.62 g kg soil-1

to 1.21 g kg soil-1 (Fig. 3a). Treatments of 75 and
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100 % wastewater had significantly higher soil
available N contents compared to the soil received
0–50 % wastewater. Contrary to the increase in soil
available N contents for the 75 and 100 %
wastewater-treated soil, soil available P contents
were decreased for the same treatments (Fig. 3).
However, this decrease was significantly different
from the treatment of 50 % wastewater application
only. Consequently, the treatment consisting of
100 % wastewater resulted in the lowest soil avail-
able P contents of 6.12 mg kg soil-1 among the
wastewater-treated soil. The highest soil available P
contents (6.86 mg kg soil-1) were found in soil treated
with 50 % wastewater.

Stoichiometric relationships of total and available NP
contents with enzymatic activities

The stoichiometric relationships between soil total NP,
soil available NP, and their associated soil enzymatic
activities were explored by using 3D surface hatch dot
plots. Linear regression analysis was performed to study
the relationship between every two parameters on alter-
native basis. There was a dynamic and positive interac-
tion between soil total and available N contents and soil
urease activity in wastewater-treated soil (Fig. 4). We
found a significant positive relationship between total
soil N and soil urease activity (R2 = 0.94, p<0.001,
n = 25), whereas the soil urease activity and soil
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available N contents were also correlated significantly
and positively (R2 = 0.86, p<0.001, n=25). The 3D
relationship between total soil P, phosphomonoesterase
activity, and soil available P is shown in Fig. 5. Soil total
P content had non-significant but positive relationship
with activity (R2=0.15, p=0.06, n=25). However, soil

phosphomonoesterase activity was weakly correlated
with soil-available P (R2 = 0.34, p = 0.06, n = 25).
When relationship between urease, phosphomonoester-
ase, and dehydrogenase activities was investigated, we
found a highly significant and positive relationship be-
tween urease and dehydrogenase activities (Fig. 6,
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R2 = 0.89, p < 0.001, n = 25). However, the inter-
correlations between urease and phosphomonoesterase
as well as phosphomonoesterase and dehydrogenase
activities were rather less strong but positive and signif-
icant (Fig. 6).

Discussion

Changes in soil pH and EC

The application of textile wastewater significantly in-
creased soil pH and EC. Increase in soil pH could be
related to alkaline nature of the textile wastewater used
in the study. There were considerable concentrations of
Na+ and K+ in undiluted wastewater and, in addition, the
presence of basic cations such as Ca and Mg might also
had increased soil pH. An increase in the pH of a sandy
loam soil irrigated with alkaline industrial effluents was
observed due to accumulation of sodium and bicarbon-
ate in soil resulting structural destabilization (Dakouré
et al. 2013). There was a consistent and significant
increase in soil EC, especially for the soil treated with
wastewater at higher concentrations, primarily due to
high level of total dissolved solids (4830 mg L-1) in
wastewater that could have accumulated in soil after
wastewater application. In addition, release of ions from

mineralization of organic fractions in waste effluent
might also have increased the EC of soil (Kiziloglu
et al. 2008).

Changes in soil enzymatic activities

Soil enzymes are considered the potential indicators of
soil quality in stressed and polluted environments
(Badiane et al. 2001). The results of this study revealed
that application of untreated textile wastewater had sig-
nificant effect on soil dehydrogenase activity, especially
at higher concentrations. However, lower dehydroge-
nase activity in distilled water-treated control soil may
be linked to the low indigenous organic C contents of
soil as is the case of the soil used in this study and those
reported from the arid regions (Bastida et al. 2006).
Wastewater applied at higher concentrations (50, 75,
and 100 %) significantly increased dehydrogenase ac-
tivity compared to the control soil. This difference in
dehydrogenase activity could be related to varied con-
centrations of nutrients supplied with respective treat-
ment solutions. Increase in soil dehydrogenase activity
also suggested microbial utilization of the readily avail-
able nutrients from the wastewater for C, N, and energy
source. Positive effects of higher labile organic C con-
taining waste effluent on soil enzymatic activities have
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Fig. 6 3D relationship between
soil urease activity (μg NH4

+-N g-
1 soil h-1), soil
phosphomonoesterase activity
(μg p-nitrophenol g-1 soil h-1),
and dehydrogenase activity (μg
triphyenyl-formazan h-1 g soil-1).
3D stoichiometric
relationships = urease and
phosphomonoesterase activities:
R2 = 0.25, p< 0.05, n = 25,
phosphomonoesterase and
dehydrogenase activities:
R2 = 0.20, p< 0.05, n = 25;
Dehydrogenase and urease
activities: R2 = 0.89, p < 0.001,
n= 25).
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been reported earlier (e.g. Marín-Benito et al. 2012;
Liang et al. 2014).

Soil urease activity catalyzes the hydrolysis of urea
and is a good measure of soil N transformations. In
general, treatment of wastewater resulted in significant
and consistent increase in soil urease activity.
Decomposition of nitrogenous compounds from organic
matter is a major process of urea production in soil under
natural conditions. Textile wastewater generally con-
tains Azo dyes which are rich nitrogenous aromatic
compounds consisting of one or more azo bonds
(R1-N=N-R2). Higher soil dehydrogenase and urease
activities might have worked concurrently to cleavage
N-N bond of the textile wastewater to produce higher N
contents of soil received more concentrated wastewater.
Moreover, availability of substrate as total dissolved
organic N (79.15 mg L-1) and dissolved organic C
(234.3 mg L-1) could also have fueled soil
dehydrogenase and urease activities. Previously,
Khorsandi and Nourbakhsh (2007) observed organic
manure (substrate) application induced stimulation of
soil urease activity.

Application of textile wastewater at 25, 50, and 75 %
concentrations resulted in significantly higher soil phos-
phomonoesterase activity compared to the distilled
water-treated control soil. Reduction in phosphomono-
esterase activity at 100 % wastewater application sug-
gested that nutrient loading fromwastewater favored the
synthesis of phosphomonoesterase up to certain concen-
trations of wastewater. It could also be due to lack of
substrate accessibility than its availability at more con-
centrated wastewater application rate that might have
reduced the activity of P hydrolyzing microbial commu-
nities. There are some studies reporting negative effects
of heavy metals on phosphomonoesterase activity in
soils; however, the degree of inhibitory effect was gen-
erally related to dose of applied wastewater, soil type,
and background concentration of heavy metals
(Kandeler et al. 1996; Yim and Tam 1999). Our results
show partial collinearity to those reported by Brzezinska
et al. (2006) for wastewater dose dependent decrease in
soil phosphomonoesterase activities. We also realize
that soil phosphomonoesterase activity in wastewater-
irrigated soil could be highly time-dependent, and
length of incubation period could have strong influence
on enzyme activity (Seshadri et al. 2014). Results pre-
sented here could be argued to represent the cumulative
treatment effects after the 60-day incubation period.
However, quantification of soil phosphomonoesterase

activity at multiple incubation times would have been
more advantageous. Nevertheless, changes in soil enzy-
matic activities after incubating the soil with wastewater
for 60 days still provide useful insights into the behavior
of the soil under wastewater application.

Changes in total and available NP pools

Soil total N contents were significantly higher in soil
received 50–100 % wastewater compared to the 25 %
wastewater and distilled water-treated soil. Our results
show general increase in soil total N contents with the
increase in concentration of wastewater. A study con-
ducted byMohawesh et al. (2014) also found increase in
soil CN contents after application of wastewater con-
taining higher concentrations of CN. In our study, total
soil P contents of soil treated with 25 and 50 % waste-
water were higher but not significantly different from
the control treatment. However, addition of wastewater
at higher (75 and 100 %) concentrations resulted in
significantly higher total soil P content than the control
treatment. These results could be related to P substrate
(PO4

-1; 17 mg L-1) availability in the textile wastewater,
and results of this study are supported by Sierra et al.
(2007) who also found increased soil P contents after
application of wastewater in a short-term incubation
study. In addition, Bame et al. (2014) also reported the
significance of P input from the wastewater and found
considerably higher soil P contents in wastewater-
irrigated soil.

Soil available N contents followed trend similar to
that of total soil N contents in the wastewater-treated
soil. These results signify the role of wastewater N
compounds, especially dissolved inorganic and organic
N in improving soil N status as argued by Cordovil et al.
(2011) and Motta and Maggiore (2013). In addition,
breakdown of azo dyes, N rich organic compounds
present in textile wastewater, might have contributed
to increase soil N availability and enhanced microbial
activity. Almeida et al. (2012) also found evidence of
NH4

+ and NO3
− release frommineralization of azo dyes

present in textile wastewater.
In addition to N, availability of P is a major growth-

limiting factor in aridisol having high pH and low P
solubility of added phosphatic fertilizer. In our study, P
availability in soil treated with 25%wastewater was not
significantly different from that of the control soil.
However, wastewater application at 50 % concentration
resulted in significantly increased soil P. When
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wastewater was applied at 75 and 100% concentrations,
soil-available P was reduced to the level noted for the
distilled water and 25 % treated soil. These results
suggested the possible adsorption or immobilization of
P which is a common problem in aridisol. Soil P avail-
ability is influenced by microbiological activities,
distribution-precipitation reactions, and formation of
organic and/or inorganic complexes (DeLuca et al.
2015). In addition, phosphate anions are highly reactive
and can be immobilized through sorption and/or precip-
itation with basic cations (Arias et al. 2002).

Soil NP nutrient and enzymatic activities

There was significant positive relationship between soil
urease activity and soil total N content suggesting N
limitation of the soil microbes when wastewater was
applied. Wastewater application also resulted in higher
soil metabolic activity, the dehydrogenase activity, and
N cycling, the urease activity. Turner et al. (2014) also
discussed the N regulation of soil urease activity, in
addition to enzyme activity responsiveness to N
limitation.

Soil urease activity was positively and significantly
correlated with soil-available N, which could indicate
the possible involvement of soil urease in the minerali-
zation of organic compound, thus increasing N avail-
ability. Our results are in contrast to some studies which
reported a decrease in urease activity in wastewater
treated soils and related it to depletion of organic com-
pounds and low soil N contents (e.g. Henriksen and
Breland 1999; Geisseler et al. 2009); however, these
studies involved the use of industrial wastewater com-
pared to the textile wastewater which generally contain
higher concentrations of N rich compounds. Strong
positive relationship between soil total and available N
contents in our study agrees with that reported by
Hernández et al. (2002) for soil incubated with sewage
sludge.

Phosphomonoesterase is synthesized by soil micro-
organisms by releasing free phosphate and regulate P
cycling, and therefore, theoretically, phosphomonoes-
terase activity correlates positively with soil total soil P
contents (Dawei et al. 2011). However, no such rela-
tionship was observed in our study. Moreover, there was
also positive but non-significant relationship between
total and available soil P contents. These observations
might show a dynamic mismatch between P cycling in
wastewater-irrigated soil, especially if more

concentrated wastewater was applied which led to in-
crease in soil total P contents but soil-available P con-
tents followed opposite pattern. As discussed earlier, the
decrease in soil-available P at high wastewater concen-
trations could be due to adsorption, precipitation with
low solubility compound of Fe, Al, and Ca (Khan and
Joergensen 2009). A weak relationship between phos-
phomonoesterase activity and soil available P sug-
gested the P cycling microbial flora and hydrolytic
enzyme activities are negating stressful condition to
a certain limit.

A strong positive relationship was found between the
urease and dehydrogenase enzyme activities in this
study. This reflects a revitalization of the soil microbial
activities provoked by the input of fresh bioavailable
substrates from wastewater application, ultimately lead-
ing to a higher metabolic activity and nutrient turnover.
Measure of the soil dehydrogenase activity provides
qualitative and quantitative overview of the soil micro-
bial community dominance to their metabolic nutrient
requirements and, hence, the available nutrients.
Therefore, study of enzymatic activities gives a better
and comprehensive understanding about some key pro-
cesses linkingmicrobial activities and nutrient dynamics
(Sinsabaugh and Moorhead 1994; Schimel and
Weintraub 2003). We found a significant positive rela-
tionship between soil urease and phosphomonoesterase
activities and could draw an inference that N and P
transformations were tightly coupled for the total soil
NP contents. However, at higher wastewater concentra-
tions, soil available NP contents showed contrasting
trends; this observation warrants careful consideration
of using wastewater in aridisol soils where P fixation
and phosphatic fertilizer use efficiency is a problem.

Conclusions

We performed a 60-day laboratory soil incubation study
to investigate the effects of untreated textile wastewater
at 0–100 % dilutions on soil NP nutrient dynamics and
activities of associated soil enzymes. Significant chang-
es in soil pH and EC were observed when wastewater
was applied at high concentrations. Activities of urease,
phosphomonoesterase, and dehydrogenase enzymes in-
creased with increase in wastewater concentration. Soil
total NP contents also followed ascending trend after
application of wastewater from 0 to 100 % concentra-
tion. Soil available N also increased with application of
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more concentrated wastewater; however, soil available
P contents were the highest in soil treated with 50 %
wastewater and decreased considerably at 75 to 100 %
wastewater application rate. Use of industrial wastewa-
ter has been emerging as an attractive and alternative
irrigation water source in arid and semi-arid regions of
the world including Pakistan. Results of this study sug-
gest foreseeing the effects of wastewater application on
nutrient availability, especially, dynamics of P since P is
prone to fixation and precipitation losses in aridisol.
Therefore, use of nutrient rich wastewater in such soil
may be considered but only after assessing the short-
and long-term effects on soil nutrient status and bio-
chemical changes.

Acknowledgements This work is supported financially by the
Higher Education Commission (HEC), Pakistan. The results pre-
sented in this paper are a part of M. Phil studies of Mr. Akhtar
Rasool.

References

Al-Kdasi, A., Idris, A., Saed, K., & Guan, C. (2004). Treatment of
textile wastewater by advanced oxidation processes-A re-
view, Global Nest. International Journal, 6, 222–230.

Almeida, L. C., Garcia-Segura, S., Arias, C., Bocchi, N., & Brillas,
E. (2012). Electrochemical mineralization of the azo dye
Acid Red 29(Chromotrope2R) by Photoelectro-Fenton pro-
cess. Chemosphere, 89, 751–758.

APHA (American Public Health Association). (1995). Standard
methods for the examination of water and wastewater (19th
ed.). Washington D.C.: American Public Health Association.

Arias, M., Barral, M. T., & Mejuto, J. C. (2002). Enhancement of
copper and cadmium adsorption on kaolin by the presence of
humic acids. Chemosphere, 48, 1081–1088.

Badiane, N. N. Y., Chotte, J. L., Pate, E.,Masse, D., &Rouland, C.
(2001). Use of soil enzyme activities to monitor soil quality
in natural and improved fallows in semi-arid tropical regions.
Applied Soil Ecology, 18, 229–238.

Bame, I. B., Hughes, J. C., Titshall, L. W., & Buckley, C. A.
(2014). The effect of irrigation with anaerobic baffled reactor
effluent on nutrient availability, soil properties and maize
growth. Agricultural Water Management, 134, 50–59.

Bastida, F., Moreno, J. K., Hernandez, T., & Garcia, C. (2006).
Microbiological degradation index of soils in a semiarid
climate. Soil Biology and Biochemistry, 38, 3463–3473.

Bergstrom, D. W., Monreal, C. M., & King, D. J. (1998).
Sensitivity of soil enzyme activities to conservation practices.
Soil Science Society of America Journal, 62, 1286–1295.

Bremner, J. M., & Tabatabai, M. A. (1972). Use of an ammonia
electrode for determination of ammonium in Kjeldahl analy-
sis of soils. Communications in Soil Science and Plant
Analysis, 3, 71–80.

Brzezinska, M., Tiwari, S. C., Stepniwska, Z., Nosalewicz, M.,
Bennicelli, R. P., & Samborska, A. (2006). Variation of
enzyme activities, CO2 evolution and redox potential in an
Eutric Histosol irrigated with wastewater and tap water.
Biology and Fertility of Soils, 43, 131–135.

Casida, L. E., Klein, D. A., & Santoro, T. (1964). Soil dehydro-
genase activity. Soil Science, 98, 371–376.

Cordovil, C. M. S., de Varennes, A., Pinto, R., & Fernandes, R. C.
(2011). Changes in mineral nitrogen, soil organic matter
fractions and microbial community level physiological pro-
files after application of digested pig slurry and compost from
municipal organic wastes to burned soils. Soil Biology and
Biochemistry, 43, 845–852.

Dakouré, M. Y. S., Mermoud, A., Yacouba, H., & Boivin, P.
(2013). Impacts of irrigation with industrial treated wastewa-
ter on soil properties. Geoderma, 200–201, 31–39.

Dawei, M. A., Renbin, Z., Wei, D., JianJun, S., Yashu, L., &
Li-Guang, S. (2011). Alkaline phosphatase activity in
ornithogenic soils in polar tundra. Advances in Polar
Science, 22, 92–100.

DeLuca, T. H., Glanville, H. C., Harris, M., Emmett, B. A.,
Pingree, M. R. A., de Sosa, L. L., Cerdá-Moreno, C., &
Jones, D. L. (2015). A novel biologically-based approach to
evaluating soil phosphorus availability across complex land-
scapes. Soil Biology and Biochemistry, 88, 110–119.

Ensink, J. H. J., Mahmood, T., Van der Hoek, W., Raschid-Sally,
L., & Amerasinghe, F. P. (2004). A nation-wide assessment
of wastewater use in Pakistan: an obscure activity or a vitally
important one? Water Policy, 6, 1–10.

Garg, V. K., & Kaushik, P. (2006). Influence of short-term irriga-
tion of textile mill wastewater on the growth of chickpea
cultivars. Chemistry and Ecology, 22, 193–200.

Garg, V. K., & Kaushik, P. (2008). Influence of textile mill waste-
water irrigation on the growth of sorghum cultivars. Applied
Ecology and Environmental Research, 6, 1–12.

Gee, G. W., & Bauder, J. W. (1986). Particle-size analysis. In A.
Klute (Ed.), Methods of Soil Analysis. Part 1—Physical and
Mineralogical Methods (Vol. 2nd, pp. 383–411). Madison,
WI: SSSA.

Geisseler, D., Horwath, W. R., & Doane, T. A. (2009).
Significance of organic nitrogen uptake from plant resi-
dues by soil microorganisms as affected by carbon and
nitrogen availability. Soil Biology and Biochemistry, 41,
1281–1288.

Ghaly, A. E., Ananthashankar, R., Alhattab, M., & Ramakrishnan,
V. V. (2014). Production, characterization and treatment of
textile effluents: a critical review. Journal of Chemical
Engineering & Process Technology, 5, 182. doi:10.4172/
2157-7048.1000182.

Grant, C. A., Flaten, D. N., Tomasiewicz, D. J., & Sheppard, S. C.
(2001). The importance of early season phosphorus nutrition.
Canadian Journal of Plant Science, 81, 211–224.

Henriksen, T. M., & Breland, T. A. (1999). Decomposition of crop
residues in the field; evaluation of a simulation model devel-
oped from microcosm studies. Soil Biology and
Biochemistry, 31, 1423–1434.

Hernández, T., Moral, R., Perez-Espinosa, J., Moreno-Caselles,
M. D., &Garcia, C. (2002). Nitrogenmineralization potential
in calcareous soils amended with sewage sludge. Bioresource
Technology, 83, 213–219.

Environ Monit Assess  (2016) 188:102 Page 13 of 15  102 

http://dx.doi.org/10.4172/2157-7048.1000182
http://dx.doi.org/10.4172/2157-7048.1000182


Kandeler, E., & Gerber, H. (1988). Short-term assay of soil urease
activity using colorimetric determination of ammonium.
Biology and Fertility of Soils, 6, 68–72.

Kandeler, E., Kampichler, C., & Horak, O. (1996). Influence of
heavy metals on the functional diversity of soil microbial
communities. Biology and Fertility of Soils, 23, 299–306.

Kaushik, P., Garg, V. K., & Singh, B. (2005). Effect of textile
effluent on growth performance of wheat cultivars.
Bioresource Technology, 96, 1189–1193.

Kayikcioglu, H. H. (2012). Short-term effects of irrigation with
treated wastewater on microbiological activity of a Vertic
xerofluvent soil under Mediterranean conditions. Journal of
Environmental Management, 102, 108–114.

Kiziloglu, F. M., Turan, M., Sahin, U., Kuslu, Y., & Dursun, A.
(2008). Effects of untreated and treated wastewater irrigation
on some chemical properties of cauliflower (Brassica
olerecea L. var. botrytis) and red cabbage (Brassica olerecea
L. var. rubra) grown on calcareous soil in Turkey. Agric.
Water Manage, 95, 716–724.

Khalid, A., Saba, B., Kanwal, H., Nazir, A., & Arshad, M. (2013).
Responses of pea and wheat to textile wastewater reclaimed
by suspended sequencing batch bioreactors. International
Biodeterioration & Biodegradation, 85, 550–555.

Khan, K. S., & Joergensen, R. G. (2009). Changes in microbial
biomass and P fractions in biogenic household waste com-
post amended with inorganic P fertilizers. Bioresource
Technology, 100, 303–309.

Khorsandi, N., & Nourbakhsh, F. (2007). Effect of amendment of
manure and corn residues on soil N mineralization and en-
zyme activity. Agronomy for Sustainable Development, 27,
139–143.

Knechtel, R. J. (1978). A more economical method for the deter-
mination of chemical oxygen demand. Water Pollution
Control, 166, 25–29.

Liang, Q., Gao, R. T., Xi, B. D., Zhang, Y., & Zhang, H. (2014).
Long term effects of irrigation using water from the river
receiving treated industrial wastewater on soil organic carbon
fractions and enzyme activities. Agricultural Water
Management, 135, 100–108.

Marín-Benito, J. M., Andrades, M. S., Sánchez-Martín, M. J., &
Rodríguez-Cruz, M. S. (2012). Dissipation of fungicides in a
vineyard soil amended with different spent mush-room sub-
strates. Journal of Agricultural and Food Chemistry, 60,
6936–6945.

Mekki, A., Dhouib, A., Aloui, F., & Sayadi, S. (2006). Olive
wastewater as an ecological fertilizer. Agronomy for
Sustainable Development, 26, 61–67.

Mohawesh, O., Mahmoud, M., Janssen, M., & Lennartz, B.
(2014). Effect of irrigation with olive mill wastewater on soil
hydraulic and solute transport properties. International
Journal of Environmental Science and Technology, 11,
927–934.

Morugán-Coronado, A., García-Orenes, F., Mataix-Solera, J.,
Arcenegui, V., & Mataix-Beneyto, J. (2011). Short-term ef-
fects of treated wastewater irrigation on Mediterranean cal-
careous soil. Soil & Tillage Research, 112, 18–26.

Mosse, K. P. M., Patti, A. F., Smernik, R. J., Christen, E. W., &
Cavagnaro, T. R. (2012). Physicochemical and microbiolog-
ical effects of long and short-term winery wastewater appli-
cation to soils. Journal of Hazardous Materials, 201–202,
219–228.

Motta, S. R., & Maggiore, T. (2013). Evaluation of nitrogen
management in maize cultivation grows on soil amended
with sewage sludge and urea. European Journal of
Agronomy, 45, 59–67.

Murphy, J., & Riley, J. P. (1962). A modified single solution
method for determination of phosphate in natural waters.
Analytica Chimica Acta, 27, 31–36.

Nannipieri, P., Kandeler, E., & Ruggiero, P. (2002). Enzyme
activities and microbiological and biochemical processes in
soil. In R. G. Burns & R. Dick (Eds.), Enzymes in the
environment (pp. 1–33). New York: Marcel Dekker.

Olsen, S. R., Cole, C. V., Watanabe, F. S., & Dean, L. A. (1954).
Estimation of available phosphorus in soils by extraction
with sodium bicarbonate. Washington: USDA. Circular /
United States Department of Agriculture (no. 939).

Pak-SCEA. (2006). Strategic country environmental assessment
report: Rising to the challenges. Pakistan: Pak-SCEA.

Rhee, H. P., Yoon, C. G., Son, Y. K., & Jang, J. H. (2011).
Quantitative risk assessment for reclaimed wastewater irriga-
tion on paddy rice field in Korea. Paddy and Water
Environment, 9, 183–191.

Riaz, M., Mian, I. A., & Cresser, M. S. (2012). How much does
NH4

+-N contribute to mineral-N losses in N-impacted acid
soils under grassland in the UK? A microcosm study.
Chemistry and Ecology, 28, 25–36.

Rodríguez-Liébana, J. A., ElGouzi, S., Mingorance, M. D.,
Castillo, A., & Pena, A. (2014). Irrigation of a
Mediterranean soil under field conditions with urban waste-
water: Effect on pesticide. Agriculture, Ecosystems &
Environment, 185, 176–185.

Schimel, J. P., & Weintraub, M. N. (2003). The implications of
exoenzyme activity on microbial carbon and nitrogen limita-
tion in soil: a theoretical model. Soil Biology and
Biochemistry, 35, 549–563.

Seshadri, B., Kunhikrishnan, A., Bolan, N., & Naidu, R. (2014).
Effect of industrial waste products on phosphorus mobiliza-
tion and biomass production in abattoir wastewater irrigated
soil. Environmental Science and Pollution Research, 21,
10013–10021.

Sierra, J., Martí, E., Garau,M. A., & Cruañas, R. (2007). Effects of
the agronomic use of olive oil mill wastewater: field exper-
iment. The Science of the Total Environment, 378, 90–94.

Sinsabaugh, R. L., &Moorhead, D. L. (1994). Resource allocation
to extracellular enzyme production: a model for nitrogen and
phosphorus control of litter decomposition. Soil Biology and
Biochemistry, 26, 1305–1311.

Subbiah, B. V., & Asija, G. L. (1956). A rapid procedure for the
determination of available nitrogen in soils. Current Science,
31, 196–196.

Tabatabai, M. A., & Bremner, J. M. (1969). Use of nitrophenyl
phosphate assay of soil phosphatase activity. Soil Biology
and Biochemistry, 1, 301–307.

Thapliyal, A., Vasudevan, P., Dastidar, M. G., Tandon, M., &
Mishra, S. (2013). Effects of irrigation with domestic waste-
water on productivity of green chili and soil status.
Communications in Soil Science and Plant Analysis, 44,
2327–2343.

Tilman, D., Cassman, K. G., Matson, P. A., Naylor, R., & Polasky,
S. (2002). Agricultural sustainability and intensive produc-
tion practices. Nature, 418, 671–677.

 102 Page 14 of 15 Environ Monit Assess  (2016) 188:102 



Turner, S., Schippers, A., Meyer-Stüve, S., Guggenberger, G.,
Gentsch, N., Dohrmann, R., Condron, L. M., Eger, A.,
Almond, P. C., Peltzer, D. A., Richardson, S. J., & Mikutta,
R. (2014). Mineralogical impact on long-term patterns of soil
nitrogen and phosphorus enzyme activities. Soil Biology and
Biochemistry, 68, 31–43.

UN WWAP. (2009). United Nations World Water Assessment
Programme. The World Water Development Report 3:
Water in a Changing World. Paris, France: UNESCO.
Retrieved 05 January, 2016 from http://www.unwater.org/
wwd10/downloads/WWD2010_Facts_web.pdf.

Walkley, A., & Black, I. A. (1934). An examination of the
degtjareff method for determining soil organic matter, and a

proposed modification of the chromic acid titration method.
Soil Science, 37, 29–38.

Yim, M. W., & Tam, N. F. Y. (1999). Effects of wastewater-borne
heavy metals on mangrove plants and soil microbial activi-
ties. Marine Pollution Bulletin, 39, 179–186.

Zhang, L., Wang, S., & Imai, A. (2015). Spatial and temporal
variations in sediment enzyme activities and their relation-
ship with the trophic status of Erhai Lake. Ecological
Engineering, 75, 365–369.

Zhao, D., Li, F., & Wang, R. (2012). The effects of different urban
land use patterns on soil microbial biomass nitrogen and
enzyme activities in urban area of Beijing, China. Acta
Ecologica Sinica, 32, 144–149.

Environ Monit Assess  (2016) 188:102 Page 15 of 15  102 

http://www.unwater.org/wwd10/downloads/WWD2010_Facts_web.pdf
http://www.unwater.org/wwd10/downloads/WWD2010_Facts_web.pdf

	Contrasting...
	Abstract
	Introduction
	Materials and methods
	Wastewater sampling and analysis
	Soil sampling and pre-incubation analysis
	Construction of microcosm and experimental setup
	Soil analysis
	Soil enzymatic activities
	Statistical analysis

	Results
	Characteristics of textile wastewater
	Initial physicochemical soil properties
	Effects of wastewater on soil pH and EC
	Effects of textile wastewater on activities of soil enzymes
	Effects of wastewater on soil nutrient contents
	Stoichiometric relationships of total and available NP contents with enzymatic activities

	Discussion
	Changes in soil pH and EC
	Changes in soil enzymatic activities
	Changes in total and available NP pools
	Soil NP nutrient and enzymatic activities

	Conclusions
	References


