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Irrigation-induced Salinization Effects on Soil Chemical and
Biological Properties under Cotton-Wheat Rotation on Loamy

Sand Soil in Northwest India
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Secondary soil salinilization is a major problem in irrigated agriculture. We studied the effects of irrigation-
induced salinity on soil biological and chemical properties under cotton-wheat rotation at experimental
farm, Punjab Agricultural University, Ludhiana, India. Sixty fresh soil samples were collected from 0-15
cm and 15-30 cm soil depth irrigated with different levels of saline water (EC 0, EC 3, EC 6, EC 9 and EC
12 dS m-1). The soil samples were analyzed for soil chemical properties (pH, EC, SAR, soluble ions (Na+,
K+, Ca2+ + Mg2+ and Cl-), soil fertility parameters (organic C, available N and P) and biological properties
namely, microbial biomass carbon (MBC), microbial biomass nitrogen (MBN), dehydrogenase activity
(DHA) and cold water extractable carbon (CWEC). Increasing salinity of irrigation water significantly
increased soil pH, EC, SAR, soluble Na+ and Cl- content and decreased organic C, N and P content at two
soil depths. At highest salinity level, (EC 12 dS m-1), DHA, MBC and CWEC decreased by 54.8, 52.9 and
45.6 per cent and MBN by 70 per cent compared to control at 0-15 cm soil depth. The results revealed that
similar trend was observed in case of 15-30 cm soil depth for all biological properties but percentage
decrease was more over control at highest salinity level of irrigation water. It may be concluded that at
higher salinity levels (EC 9 and 12 dS m-1), soil chemical and biological properties were more affected
compared to low salinity levels.
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Soil salinity is a part of natural ecosystems under arid
and semi-arid conditions and an increasing problem
in agricultural soil throughout world (Qadir et al.
2000). Primary salinization is a natural process of
accumulation of salts in the soil profile that are
released due to weathering of rocks and minerals
particularly salt rich parent materials. Secondary
salinity developed due to irrigation is widely
responsible for reducing soil and water quality and
limiting crop growth leading to abandonment of
agricultural lands (Shirokova et al. 2000). Indiscri-
minate flood irrigation with poor drainage facilities,
overexploitation of groundwater, recycling of drainage
outflows for irrigation and mono-cropping of high
water consumptive crops are the major factors
accelerating secondary soil salinization in
Mediterranean regions and in Central Asia (Qushimov
et al. 2007). While the effects of soil salinity on soil
properties and plant growth are well known (Nelson
et al. 1997; Kaur et al. 1998), information related to

irrigation-induced secondary salinity effects on soil
biological properties is limited and inadequate (Rietz
and Haynes 2003; Tripathi et al. 2006).

Soil microbial communities and their activity are
greatly influenced by salinity because microbial
processes in soils control ecological function and soil
fertility (Rietz and Haynes 2003; Chowdhury et al.
2011). Soil microflora plays an important role in
maintaining or enhancing soil quality by regulating
organic matter decomposition, nutrient availability
and enhancing macro-aggregate formation. The
microbial biomass carbon (MBC) is an important
component of soil organic matter (SOM) and
comprises 1-3% of total organic carbon (TOC). It has
a rapid turnover rate and is also considered to be a
reservoir of labile nutrients. The microbial biomass
and water-extractable pools of soil organic carbon
(SOC) are considered sensitive indices that
characterize changes in biological conditions caused
by soil management practices. Microbial biomass is
also a potential source of enzymes in soil. Among the*Corresponding author (Email: pawitar88@gmail.com)
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different enzymes in soils, dehydrogenase (DHA), β-
glucosidase, urease and phosphatases are important in
the transformation of different plant nutrients. The
DHA reflects the total oxidative capacity of the
microbial biomass and β-glucosidase is involved in
the production of glucose, which constitutes an
important energy source for the microbial mass. The
phosphatases play an important role in the
transformation of organic phosphorus (P) into
inorganic forms more appropriate for plants. Urease
predominates amongst the enzymes involved in the N
cycle of the soil (Tabatabai 1994; Cookson 1999).

Thus, microbial parameters are sensitive
indicators of changes of soil quality in response to
management practices or environmental stress (Rietz
and Haynes 2003; Wang et al. 2008; Setia et al. 2010).

Earlier Egamberdieva et al. (2010) evaluated the
effect of irrigation-induced salinity on soil microbial
biomass and soil chemical properties under mono-
cropping cotton system for 0-30 cm soil, but they
have not studied soil biological properties such as
microbial biomass nitrogen (MBN), DHA and cold
water extractable carbon (CWEC). Therefore, the
present study was carried out to see the MBC, MBN,
DHA and CWEC at two soil depths (0-15 and 15-30
cm) under long-term cotton-wheat rotation (major
cropping system in saline water inflicted areas of
southwestern Punjab) with five levels of saline
irrigation water.

Material and Methods

Experiment details
Sixty fresh soil samples were collected from

ongoing long-term (18 years) experiment at two soil
depths (0-15 and 15-30 cm), irrigated with five
salinity levels under cotton-wheat rotation at research
farm of Department of Soil Science, Punjab
Agricultural University, Ludhiana, in semi-arid
northwestern India (30°56′ N, 75°52′E 247 m above
mean sea level). The experiment was laid out using
randomized complete block design with three
replications in thirty plots of size 2 m × 2 m. Each
plot was effectively isolated from adjoining plots by
polyethylene sheet lined to a 1 m depth and 0.5 m
wide walkways all around to avoid lateral fluxes of
water and salts. The soil at the experimental site was
a well-drained sandy loam soil (Typic Ustochrept)
with a water table always remaining below 10 m and
had pH 7.3, EC 0.30 dS m-1 (measured in 1:2 soil:
water suspension), organic carbon 2.9 g kg-1 and
exchangeable sodium percentage (ESP) 4.2% in 0-30

cm soil depth before start of the experiment. Water
used for irrigation in this study included good quality
water (EC 0) having electrical conductivity of 0.5 dS
m-1. Four levels of poor quality saline water were
synthesised by dissolving 1.77 g (EC 3), 3.50 g (EC
6), 5.31 g (EC 9) and 7.08 g (EC 12) of NaCl per liter
in good quality water, respectively. The irrigation
water was conveyed into a given plot through a 5-cm
diameter hose-pipe attached to a drum through which
a given depth of irrigation water can be applied. Each
irrigation consisted of 60 mm water that was applied
after the same amount of water had evaporated as
measured from the USDA Class A pan. Depending
upon the amount and distribution of rainfall received,
number of irrigations given to cotton and wheat crop
varied from 4 to 6 during crop growth period.

Soil analysis
Soil samples from each replication were taken

with an auger (4 cm diameter) from 0-15 and 15-30
cm depths. Sixty moist soil samples were gently
sieved through a 2-mm mesh and analyzed for soil
biological properties. Another portion of the field-
moist soil was air-dried at room temperature, ground
and analyzed for chemical properties. The MBC was
determined by the chloroform fumigation-extraction
method (Vance et al. 1987). The MBC was calculated
as follows: microbial biomass carbon (mg C kg-1 soil)
= ( Cf - Cuf) Kec

-1 where, Cf is the 0.5 M K2SO4

extractable organic C in chloroform fumigated soil,
Cuf is the 0.5 M K2SO4 extractable organic C in
unfumigated soil, and Kec

-1 is the conversion factor.
The MBN is calculated as MBN = EN / kEN, where,
EN = (total N extracted from fumigated soils) – (total
N extracted from non-fumigated soils) and kEN =
0.54 (Brookes et al. 1985; Joergensen and Mueller
1996). Total N in the extracts was measured using the
Kjeldahl method (Bremner and Mulvaney 1982;
Brookes et al. 1985). The CWEC was determined by
shaking 10 g of soil with 50 mL of distilled water for
30 min and then centrifuging for 10 min at 5000 rpm
(Ghosh 2003). The organic carbon in the supernatant
was measured by the dichromate digestion method
(Walkley and Black 1934). The DHA was assayed by
the method given by Casida et al. (1964). Soil samples
were incubated with 2,3,5-triphenyl tetrazolium
chloride at 37 °C for 24 h and the produ-ction of
triphenyl formazan (TPF) was measured.

Organic carbon, available N and P was
determined by Walkley and Black (1934), alkaline
permanganate (Subbiah and Asija 1956) and 0.05M
NaHCO3 at pH 8.5 (Olsen et al. 1954) methods,
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respectively. Soluble ions were determined using the
method described by Richards (1954). Soil texture
was determined by standard international pipette
method. The USDA size fractions for separation of
sand (0.02-2.0 mm) by gravity sedimentation method
of Day (1965) were followed. Sand was separated by
using 70-mesh sieve. The clay (<0.002 mm) content
was separated from silt using 0.1N solution of sodium
hexametaphosphate as dispersing agent. Soil pH and
EC in a 1:2 (w/v) soil-aqueous suspension were
measured using potentio metric method and salt bridge
method as described by Richards (1954).

Statistical analysis
Significant variations in selected chemical and

biological properties due to the effect of variable
salinity levels were evaluated by the analysis of
variance (ANOVA) using CPCS1 software. Pearson’s
correlation was calculated between soil chemical and
biological properties for 0-30 cm soil depth for sixty
soil samples at 5% level of significance.

Results and Discussion

Soil chemical properties
Increasing irrigation water salinity levels

increased soil pH and EC at 0-15 and 15-30 cm soil
depths (Table 1). Soil EC significantly and
progressively increased from 0.61 in CW to 0.91,
1.88, 2.32 and 2.41 dS m-1 at 0-15 cm and from 0.54
in EC treatment to 0.83, 1.76, 2.20 and 2.35 dS m-1

under EC 3, EC 6, EC 9 and EC 12 dS m-1 salinity
levels, respectively. Organic carbon, available N and

P significantly decreased at two soil depths with
increasing salinity of irrigation water. Average OC
content decreased from 3.9 to 1.7 g kg-1 at 0-15 cm
and 3.4 to 1.5 g kg-1 for 15-30 cm soil depth as salinity
levels increased from EC 0 to EC 12 dS m-1. Yuan et
al. (2007) reported decrease in soil OC content from
10.7 to 3.1 g kg-1 as soil salinity increased from 0.3 to
23.1 mS m-1. Compared to EC 0, available N
decreased by 42.7 and 40.3% at highest level of
salinity (EC 12 dS m-1) at 0-15 and 15-30 cm soil
depths. The presence of salts in soil affects N
availability through inhibition of microbial N
mineralization and immobilization processes and also
due to increasing soil pH (Grattan and Grieve 1999).
Available P content decreased from 45.6 kg ha-1 in
control to 40.9, 36.7, 29.1 and 22.8 kg ha-1 at EC 3, 6,
9 and 12 dS m-1 for 0-15 cm soil depth and
correspondingly from 37.8 to 32.4, 28.7, 24.2 and
20.7 at 15-30 cm soil depth at respective salinity level.
Awad et al. (1990) reported that with increasing NaCl
salinity from 10 to 100 mM in the solution culture, P
activity decreased as a result of increased ionic
strength and competition caused due to high Cl- ions.
The concentration of soluble Na+, K+ and Cl- were
significantly influenced by irrigation water salinity
whereas significant differences were observed for
Ca+Mg2+ at two soil depths (Table 2). Soluble Na+

content significantly increased and soluble K+ content
decreased with increasing salinity of irrigation water
because saline waters dominated with NaCl
suppressed potassium solubility. El-Boraie (1997)
reported that soluble K+ was decreased at increasing
salinity levels. Sodium adsorption ratio (SAR)
significantly increased from 1.8 to 15.5 and from 1.3

Table 1. Secondary salinity effects on soil pH, EC, SAR, or-
ganic C and available N and P content (0-15 and 15-
30 cm soil depth)

Treatments pH EC SAR OC N P
(dS m-1) (g kg-1) (kg ha-1) (kg ha-1)

0-15 cm
EC 0 7.20 0.61 1.8 3.9 146 45.6
EC 3 7.34 0.91 8.0 3.2 133 40.9
EC 6 7.80 1.88 10.8 2.7 121 36.7
EC 9 8.07 2.32 12.9 2.2 99.4 29.1
EC 12 8.20 2.41 15.5 1.7 83.6 22.8
LSD (5%) 0.05 0.04 2.8 0.44 1.12 4.8

15-30 cm
EC 0 7.29 0.54 1.3 3.4 135 37.8
EC 3 7.48 0.83 5.8 2.9 127 32.4
EC 6 7.88 1.76 8.2 2.3 113 28.7
EC 9 8.18 2.20 10.0 2.0 91.3 24.2
EC 12 8.27 2.35 12.5 1.5 80.5 20.7
LSD (5%) 0.05 0.02 2.0 0.48 2.60 5.1

Table 2. Secondary salinity effect on soluble ions (0–15 and
15-30 cm soil depth)

Treatments Na Ca+Mg K Cl

0-15 cm
EC 0 0.9 0.49 6.3 0.5
EC 3 3.9 0.47 5.3 2.5
EC 6 5.0 0.43 4.9 4.0
EC 9 5.7 0.39 3.4 5.1
EC 12 6.3 0.33 3.0 6.2
LSD (5%) 0.14 NS 0.59 0.65

15-30 cm
EC 0 0.6 0.44 5.7 0.4
EC 3 2.6 0.41 5.1 1.9
EC 6 3.6 0.38 3.5 3.5
EC 9 4.1 0.34 2.8 4.7
EC 12 4.8 0.29 2.2 6.0
LSD (5%) 0.14 NS 0.20 0.65
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to 12.5 due to increase in EC from control to 12 dS
m-1 for 0-15 and 15-30 cm soil depths, respectively.
Mahdy (2011) reported that SAR increased from 5.29
to 8.27 with increasing salinity of irrigation water
from 0.5 to 8.70 dS m-1. Fard et al. (2007) also
reported that increasing irrigation water salinity
resulted in increased SAR and effects were more in
surface as compared to sub-surface soil layer. Soluble
Cl- content increased from 0.5 in EC 0 (control) to
2.5, 4.0, 5.1 and 6.2 me L-1 at 0-15 cm and 0.4 in
control to 1.9, 3.5, 4.7 and 6.0 me L-1 at EC 3, 6, 9
and 12 dS m-1, salinity levels, respectively. Soluble
Cl- content increased due to addition of NaCl through
saline irrigation water. Similar results were also
reported by Mahdy (2011).

Soil biological properties
Soil biological properties were adversely

affected due to salinity of irrigation water (Table 3).
The DHA significantly decreased by almost 2 times
at 0-15 cm and 3 times for 15-30 cm soil depth at EC
12 dS m-1 salinity level compared with control. This
decrease in DHA may be due to lower MBC present
in highly saline soils (Garcia et al. 1994). Batra and
Manna (1997) observed that DHA decreased
significantly from 48.8 to 21.5 µg TPF h-1 g-1 soil as
salinity of soil saturation extract increased from 28 to
40.8 dS m-1 in 0-15 cm soil layer. Tripathi et al. (2007)
observed that DHA activity decreased by 26.1, 44.4
and 74.4 per cent, respectively during monsoon,
winter and summer season at ECe 6.9 dS m-1 over
control. They reported that more decrease in DHA in
summer season due to lesser MBC due to soil

desiccation and increased salinity. Compared to EC
0, mean MBC decreased by 20.6, 29.4, 46.2 and 52.8
per cent at 0-15 cm and 22.8, 38.4 50.8 and 61.0 per
cent for 15-30 cm soil depth at EC 3, 6, 9 and 12 dS
m-1 salinity levels, respectively. Decrease in MBC
caused due to toxic effects of Na and Cl on soil
microflora (Pankhurst et al. 2001; Ndour et al. 2008)
as well as due to osmotic effects (Rietz and Haynes
2003).

Microbial biomass N showed the same trend as
that of MBC with increasing salinity of irrigation
water. It decreased from 94.4 to 22.2 mg kg-1 and
from 80.4 to 18.6 mg kg-1 at 0-15 cm and 15-30 cm as
salinity levels increased from EC 0 to EC12 dS m-1.
Shah and Shah (2011) reported decrease in MBN from
113.8 (ECsoil < 4 dS m-1) to 24.8 mg kg-1 (ECsoil > 12
dS m-1) in saline soils. Yuan et al (2007) also reported
decrease in MBN from 32.8 to 17.4 mg kg-1 as soil
salinity increased from 0.32 to 5.2 mS m-1. Compared
to control, CWEC decreased by about 50% at EC 12
dS m-1 in both soil depths. Since organic matter and
microbial activity are typically related to each other
(Tables 1 and 3), a significant decrease in organic
carbon probably intensifies the adverse effects of
salinity on soil microbial biomass (Muhhamad et al.
2006). All three soil chemical properties (pH, EC and
SAR) are highly and significantly correlated with
biological properties (Table 4); the effect of soil pH
and EC were pronounced and was similar to the effect
of soil OC on all biological parameters. It suggests
that soil EC and pH should be considered as indicator
of changes in biological soil health in soil salinized
due to irrigation with saline waters.

In conclusions, at higher salinity levels (EC 9
and 12 dS m-1), adverse effect on soil chemical and
biological properties were pronounced compared with
low salinity levels (below 6 dS m-1).
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