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Abstract A total of 21 water samples were collected from
surface water (ponds and river) and groundwater samples
from shallow tube well (STW) and deep tube well (DTW)
from Gopalganj Sadar Upazila to evaluate the salinity
hazard and suitability for irrigation purposes. Both surface
and groundwater of the study area maintained the trend of
Cl- > SO,*>~ > PO,*". The cation trend in both surface
and groundwater of the study area was Na® > K%' >
Ca>" > Mg?* > Fe. Correlation matrices and principal
component analysis (PCA) confirmed the stress of salinity
from elevated electrical conductivity and total dissolved
solids (TDS) with Nat, K*, CI™ and total hardness (TH) in
relation to Ca®", Mg®", PO,>~ and SO4*". Salinity hazard
classification and Wilcox diagram for irrigation water
classification demonstrate that shallow tube wells con-
taining low alkali and low sodium hazard are an excellent
source of irrigation waters and fall under good to fair class
of water (55 % samples). Higher TH, sodium adsorption
ratio (SAR), soluble sodium percentage (SSP) and other
important analysis indicated that most of the surface water
and DTW were not suitable for irrigation. Therefore, the
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best irrigation water quality was from STW. Nevertheless,
to sustainably and efficiently utilize the existing water
resources, cyclic conjunctive uses of river water, STW and
DTW as well as excavation of pond to store rainwater were
suggested.
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Introduction

Bangladesh is an irrigated agriculture-based country and is
dependent on adequate water supply of usable quality. As
the crop yield is directly related to the quality of water used
for irrigation, an assessment of groundwater suitability for
irrigation is essential for the growth of food production and
poverty eradication (Shahid et al. 2006). Coastal Bangla-
desh, covering about 3.22 million ha, of which 2.00 million
ha are cultivable land (SRDI 2001), used to have great
potential for agricultural development, but increasing
salinity, mainly in the soils root zone, is the largest limiting
factor (Rahman et al. 1993). Previously, water quality
concerns have often been neglected because good-quality
water supplies have been plentiful and readily available
(Islam and Shamsad 2009). However, salinity increase has
been one of the major problems for traditional agricultural
practices in coastal Bangladesh for several decades (Rah-
man et al. 2011). The number of non-saline areas attacked
by the salinity problem had increased within the last few
decades and the agricultural production of those areas is
also affected. The freshly deposited alluviums from
upstream in the coastal areas of Bangladesh become saline
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as it comes in contact with the seawater and continues to be
inundated during high tides and ingress of seawater through
creeks. The factors which contributes significantly to the
development of saline soils are tidal flooding during the
wet season (June—October), direct inundation by saline or
brackish water and upward or lateral movement of saline
groundwater during the dry season (November—May)
(Haque et al. 2006).

The water resources sustainability largely depends on
the proper management and efficient utilization of agri-
cultural water (Fasakhodi et al. 2010). In this regard, the
conjunctive use of surface water and groundwater resour-
ces can not only solve the problem of water shortages, but
also improve the water uses of existing water resources
efficiently (Liu et al. 2013). The simultaneous use of two
water sources, i.e., surface water and groundwater for
irrigation, is referred to as conjunctive use (Foster and van
Steenbergen 2011). Generally, the conjunctive water use
improves the availability and reliability of water which
results in improved water use efficiency. The utilization of
saline water for irrigation is challenging (Singh 2014). It
poses serious threats to agricultural sustainability and food
security by increasing salt buildup in the root zone; how-
ever, salinity balance of the irrigation system has to be
maintained for long-term sustainable agricultural produc-
tion (Tyagi 2003). Conjunctive use can allow the utiliza-
tion of poor-quality saline surface water and or
groundwater resources with freshwater for irrigation (Kaur
et al. 2007). The conjunctive use of poor-quality water for
irrigation improves the overall crop production and helps in
achieving the food security for the burgeoning global
population (Singh 2014).

Conditions of water quality and quantity are two key
factors impacting groundwater utilization for irrigation
(Jang et al. 2012). In terms of irrigation water quality of
the hydrochemical characteristics, very few studies were
conducted in the coastal districts of Bangladesh. Reported
impacts would include sea level rise on river salinity in
the Gorai River network (Bhuiyan and Dutta 2012); rising
salinity occurrences in Kumar-Madhumati River during
pre-monsoon which is also within the network of Gorai
River (Shammi et al. 2012); hydrochemical characteristics
and quality assessment of shallow groundwater (Bahar
and Reza 2010). Rahman et al. (2012) assessed the
groundwater quality of deep aquifer for irrigation in the
southwestern zone of Bangladesh and found that the
northern deep groundwater had the highest salinity and
other chemical concentrations showed a decreasing trend
toward the south (Rahman et al. 2012). However, some of
the detailed investigations regarding the extent of salinity
hazard in the irrigation water quality and its suitability for
crops have not yet been done in the this area. Most of the
people of these districts are dependent on agriculture and
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crop production, which is highly dependent on good-
quality irrigation water. It is very much important to
assess the salinity hazard of the existing water resource
for saline-affected areas. Keeping these in mind, the
objective of the research was to assess the hydrochemistry
of the surface water and groundwater and to evaluate the
suitability of irrigation water quality of different sources
of Gpalgonj Districts in Bangladesh and of choosing the
best method for conjunctive uses to ensure sustainable
water resource management.

Materials and methods
Sample collection and analysis

The study area Gopalganj Sadar Upazila of Gopalganj
District is situated in Dhaka division of Bangladesh with
latitude 23°20 to 22°50" north and 90°05’ to 89°40 east
The water samples were collected from various irrigation
sources in the pre-monsoon season in the month of March
2012. Three pond water samples (S-2 to S-4), five river
water samples (S-1 and S-5 to S-8), eight shallow tube well
(STW) samples (S-9 to S-18) and three deep tube well
(DTW) samples (S-19 to S-21) were collected (Fig. 1) and
preserved in 500 mL plastic PET bottles according to the
standard methods mentioned in APHA (1998). The depth
of the STW varied from 100 to 150 feet, while the depth of
DTW was more than 600 feet. Two sets of the same sample
were collected from each location. One set of samples was
kept under non-acidified condition and another under
acidified condition by adding 0.01 M nitric acid.

The physical parameters electrical conductivity (EC),
pH and DO were measured using potable TOA-DKK
meters instantly at the site with the probe model HM 30P,
DO 31P and CM 31P, respectively. All parameters were
measured three times. Only highly pure analytical grade
chemicals and double distilled water were used for
preparing the solution for analysis according to the method
described elsewhere (Huq and Alam 2005). 0.45 pm
polycarbonate filter paper was used for filtering water
samples. For determining the concentration of Ca®", and
Mg>", the samples were directly run into the atomic
adsorption spectrometer (AAS) (Shimadzu AA-7000 ser-
ies). Sulfate (SO42_) and phosphate (PO43_) were deter-
mined by UV-spectrophotometer model no.
SPECORD222A433 at 420 nm by the turbidimetric
method (using Tween-80) and 490 nm wavelength by
vanado-molybdate phosphoric yellow color method in mg/
L (Huq and Alam 2005). Chloride (C17) was determined by
the volumetric method. Sodium (Na™) and potassium (K*)
were determined by the flame photometer (Model No.
Jencons, PFP7).



Sustain. Water Resour. Manag. (2016) 2:369-378 371
Fig. 1 Sampling sites of 89°41'0"E 89°46'30"E 89°52'0"E 89°57'30"E
Gopalganj Sadar Upazila of 1 1 L 1
Gopalganj District, Bangladesh
Z Z
=4 =4
© ©
@ &
N N
Z Z
[=} [=}
% 0
& o
N N
z H b ® sample locaitons || =
:;_ /\/ Major Roads _:‘S’
:N\I t /\/ River network | g&'
7T Kilome(ifs o D Study area
1 1 1 L
89°41'0"E 89°46'30"E 89°52'0"E 89°57'30"E

The sodium adsorption ratio (SAR) describes the rela-
tionship between soluble Na™ and soluble divalent cations
(Ca®" and Mg”) (Alrajhi et al. 2015). It is a measure of
the sodicity of the soil determined through quantitative
chemical analysis of water in contact with it. The sodium
adsorption ratio (SAR) was calculated by the following
equation given by Richards (1954):

+
SAR — & (1)

’
[Cat +Mg2+
2

where all the ions are expressed in meq/L.

SAR was plotted against EC (uS/cm) on the US salinity
diagram to categorize the analyzed water samples accord-
ing to their irrigational suitability quotient. This has long
been the standard measure of potential sodium hazard for
irrigation water (USDA/Salinity Laboratory Staff 1954).
Soluble sodium percentage (SSP) or (%Na™) is also used to
evaluate the sodium hazard. Water with an SSP greater
than 60 % may result in sodium accumulations that will
cause a breakdown in the soil’s physical properties (Kho-
dapanah et al. 2009). SSP was calculated by the following
equation (Todh 1980):

(Na* +K*) x 100

SSP = )
(Ca2+ _|_Mg2+ —|—Na+ _|_K+)

(2)

where all the ions are expressed in meq/L.

The SSP and EC values have been plotted on the Wilcox
diagram (Wilcox 1948) for identifying the classification of
sample water for irrigation.

Total hardness (TH) and magnesium adsorption ratio
(MAR) were calculated by the equation proposed previ-
ously by (Raghunath 1987):

TH = Ca*" x Mg*" x 50, (3)
where TH is expressed in mg/L.
Mg?+ x 100
MAR =————, 4
Mg*t + Ca*" “)

where all the ionic concentrations are expressed in meq/L.

Kelly’s ratio (KR) is also an important parameter for
irrigation water quality, which is measured considering
sodium ion concentration against calcium and magnesium
ion concentrations. KR >1 indicates an excess level of Na™
in water, whereas KR <1 is suitable for irrigation. KR ratio
more than >3 is unsuitable for irrigation. KR was calcu-
lated using the equation (Kelly 1963) as:

Na*

Kelly’s Ratio = —————
y CaZ+ + Mg2+

(5)
where all the ionic concentrations are expressed in meq/L.
Data analysis

Data were input by Microsoft office Excel 2007 and sta-
tistical analysis of the dataset of Pearson’s correlation
coefficient matrix (2-tailed test of at the 0.05 % level).
Multivariate statistics principal component analysis (PCA)
was performed in Origin 9.0 (OriginLab, USA). The spatial
distribution map of EC was prepared by ArcGIS (version

@ Springer
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Fig. 2 Spatial distribution of electrical conductivity (EC) found in the surface water of river and ponds and groundwater in deep tube wells

indicated as DTW and shallow tube wells indicated as STW

10.1) adopting inverse distance weighted (IDW) method
(Isaaks and Srivastava 1989).

Results and discussion

Surface water pH varied from 7.5 to 9.6 with the average
value of 8.24. Average pH value of groundwater ranged
from 6.89 to 7.78. All the values were within the permis-
sible limit (6.5-8.5) of MOEF/DoE/GOB for irrigation in
agriculture (1997). Electrical conductivity (EC) of surface
water samples of the study area varied from 185 to 727 uS/
cm with an average value of 318 pS/cm, which are
according to Wilcox (1948) irrigation water quality clas-
sification “Excellent” (Fig. 2). EC values ranged from 475
to 1382 pS/cm with an average value of 756.30 puS/cm for
STW and 977 pS/cm for DTW, which are within the
acceptable limits of 2250 uS/cm set by MOEF/DoE/GOB
(1997). The STW is also considered as “excellent” irri-
gation water quality classification, while due to higher EC
content DTW water is considered as “good”. The spatial
distributions of EC (uS/cm) of different sources of irriga-
tion water are shown in Fig. 3. The total dissolved solid
(TDS) values for surface water ranged from 118.4 to
465.28 to 465.28 mg/L, and the average value was 203.544
mg/L. The average value of river water TDS was 122.92
mg/L. The STW and DTW water sample had an average
TDS value of 484.03 and 628.28 mg/L, respectively
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(Table 1). The values of both surface water and ground-
water are within the acceptable limit of 1000 mg/L set by
MOEF/DoE/GOB (1997).

It is evident that all the values of K+, Ca®>* and Mngr in
the surface and groundwater of the study area were lower
than the recommended limit and can be used without
restriction (Table 1). The cation trend in both surface and
groundwater of the study area were Na' > K%' >
Ca’* > Mg”>" > Fe. The average concentration of chloride
in surface water of the area was found to be 57.12 mg/L,
which can be considered as safe for all plants. Although
chloride is essential to plants in very low amounts, it can
cause toxicity to sensitive crops at high concentrations.
According to Mass (Mass 1990), a Cl™ concentration
below 70 mg/L is generally safe for all plants. PO,>~ was
below the detectable limit (BDL) in all DTW. The highest
concentration of PO43_ was found in the river water with a
concentration of 2.26 £ 0.20 mg/L, which may be from
agricultural non-point sources. The highest concentration
of PO,*~ found in the STW was 2.33 + 0.02 mg/L. A
maximum concentration of SO,°~ in the surface water was
68.85 mg/L. The average concentration of SO4°~ for river
water, STW and DTW were 44.82, 38.95 and 26.06 mg/L,
respectively (Fig. 4). The anion trend in both surface and
groundwater of the study area were CI~ > SO~ >
PO,>~. The surface and groundwater samples of the study
area individually show deviation with their respective
categories. Th e total hardness (TH) of surface water varied
from 40.49 to 423.36 mg/L with an average value of 168.68
mg/L. According to the TH classification (Sawyer and
McCarty 1967), the surface water of the study area is hard
(150-300 mg/L). The average values of TH in STW and
DTW of the study area was found to be 435.540 and 198.31
mg/L (Table 1), which falls within the category of very
hard (>300 mg/L) and hard (150-300 mg/L), respectively.

The KR of the collected surface water samples ranged
from 0.841 to 5.206 with an average value of 3.88. The
shallow and deep groundwater sources had average values
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Fig. 4 Wilcox’s diagram (Wilcox 1948) for irrigation water classi-
fication of the sampling sites
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of 1.29 and 2.83, respectively. The river water of the study
area (S-5, S-6, S-7) has high Kelly’s ratio, (Table 1) and
DTW compared to STW has a high ratio (S-20, S-21). It
can be concluded that the surface water, especially river
water and deep groundwater is subjected more to sodium
hazard. MAR causes a harmful effect when it exceeds a
value of 50 (Gupta and Gupta 1987). In the study area, the
entire surface water samples had acceptable MAR value
within the guideline except S-6, which was a river sample
(Table 1). All the samples from STW and DTW had per-
mitted MAR values except S-20 and S-21 which were both
DTW >50.

At the same level of salinity and SAR, adsorption of
Na® by soils and clay minerals was greater at higher
Mg:Ca ratios. This is because the bonding energy of Mg*"
is less than that of Ca®*, allowing more Nat adsorption
and happens when the ratio exceeds 4.0 (Michael 1992).
Ayers and Westcot (1985) also reported that soil containing
high levels of exchangeable Mg®" caused an infiltration
problem. In the study area, the ratio of Mg®" and Ca*" for
surface water ranged from 0.385 to 0.821 and the average
value was 0.48. The STW water and DTW water samples
have an average Mg:Ca ratio of 0.39 and 0.60, respectively.
From Table 3, it is apparent that in the study area, the ratio
of Mg®" and Ca" for all the surface and groundwater was
less than 1.0. Thus, it indicates a good proportion of Ca®™
and Mg?", which maintains a good structure with no per-
meability problem of the soil in the area. However, con-
sidering Na:Ca ratio, STW showed high suitability as
irrigation water. The presence of excessive Na™ in irriga-
tion water promotes soil dispersion and structure break-
down when Na™ and Ca”" ratios exceed 3:1. Such a high
Na:Ca ratio (>3:1) results in severe water infiltration
problems, mainly due to lack of sufficient Ca>" to counter
the dispersing effect of Na™ (Table 1). Excessive Na™ also
creates problem in crop water uptake, poor seedling
emergence, lack of aeration, plant and root decreases, etc.
(Ayers and Westcot 1985). Surface water (especially river
water) and DTW of the area had higher Na:Ca value.

Salinity classification given by the US salinity labora-
tory (Richards 1954) classifies 16 classes, with reference to
SAR as an index of sodium hazard and EC as an index of
salinity hazard (Michael 1992; Mirsa and Ahmed 1987).
SAR is expressed in terms of classification of irrigation
water as low (S1: <10), medium (S2: 10-26), high (S3:
18-26) and very high (S4: <26), (Richards 1954). A high
SAR value implies a hazard of sodium replacing Ca** and
Mg*" in the soil through a cation exchange process that
damages the soil structure, mainly permeability, and ulti-
mately affects the fertility status of the soil and reduce crop
field (Gupta 2005). The SAR value of surface water of the
study area ranged from 3.675 to 14.955 with an average
value of 9.745, which can be classified as irrigation water
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of low sodium hazard. The average SAR value of STW
water and DTW water of the study area were 5.575 and
11.633, which can be considered as irrigation water with
low sodium hazard and that with medium sodium hazard,
respectively.

From Fig. 3, it is apparent that out of ten STW samples,
nine (90 %) fell under C1-S1, indicating low alkali and low
salinity hazard, while only one sample fell under medium
sodium hazard. Among the three DTW sample, one fell in
the C1-S3 group, indicating high sodium hazard but low
salinity hazard; one fell under C2-S2, indicating medium
alkali and medium salinity hazard; and one fell under C2-
S1 group, indicating medium salinity hazard but low alkali
hazard. Among the three pond water samples, two fell
under C1-S1, that is, low hazard in terms of both salinity
and sodium hazard, while one sample fell under low
salinity hazard but medium alkali hazard. Among the five
river water samples, two fell in C1-S1 (low hazard in terms
of both salinity and sodium) and three fell under the C2-S1
group, indicating medium salinity hazard but low alkali
hazard. On the other hand, surface water contained 50 % of
medium sodium hazard-low salinity hazard making it
unsuitable for irrigation purposes.

The soluble sodium percentage (SSP) is also widely uti-
lized for evaluating the suitability of water quality for irri-
gation (Wilcox 1948). The SSP is computed with respect to
relative proportions of cations present in water, where the
concentrations of ions are expressed in meq/L. Excess Na™,
combined with carbonate, leads to the formation of alkaline
soil, whereas with Cl™ saline soil is formed. Neither soil will
support plant growth. The SSP value of surface water ranged
from 46.03 to 83.968 with coverage value of 69.52. The SSP
value of groundwater of the study area ranged from 22.67 to
82.76 with an average of 49.292. Wilcox’s diagram (Wilcox
1948) is especially implemented to classify groundwater
quality for irrigation, wherein the EC of water is plotted
against SSP (Fig. 4). Out of nine STW, 55.55 % fell under
good class, 44.44 % fell under fair class and one sample fell
under poor class. However, out of the three DTW samples,
two fell under poor class, while on was of good class. Surface
water samples fell under fair to poor class of irrigation water
quality. Therefore, from both diagrams of salinity hazard
classification and Wilcox diagram for irrigation water clas-
sification, it is clear that STW was an excellent source of
irrigation containing low alkali and low sodium hazard and
good to fair class of water.

Correlation coefficient is normally measured to establish
the relationship between two variables. On the other hand
based on the correlation coefficients, principal component
analysis (PCA) is a method complementary to classical
approaches of hydrogeochemical research (Morell et al.
1996). PCA provides quick visualization and shows cor-
relation among different water quality variables. The

correlation matrices for EC, TDS, major ions and TH with
respect to nine other anions and cations were prepared and
illustrated (Table 2). EC and TDS showed a strong positive
correlation with Ca** and Mg®". TH showed strong posi-
tive correlation toward EC, TDS, Ca2+(r ~ 0.95), Mg2+
(r ~ 0.89) and PO,*~. Mg*" showed a strong correlation
toward Ca>* (r ~ 0.86). This also indicated that the water
samples of the area were hard, which was also evident from
the TH classification of the samples. This also signifies a
positive and strong correlation with EC and TDS, indi-
cating that the ions originated from the same sources of
water.

PCA on the combined datasets with nine anions and
cations in relation to EC, TDS and TH provided five factors
with eigenvalue >1 that can explain approximately
84.24 % of the variability of the data (PC 1 variance of
32.10 % and PC 2 variance of 15.77 %) (Table 3). When
two variables are far from the center and close to each
other, they are significantly positively correlated (r ~ 1).
Therefore, PC1 may represent the anions and cations that
represent TH (Ca2+, Mg”, Fe, PO437 and SO427), while
PC2 in relation to anions and cations represents the salinity
(EC and TDS with Na*, K*, C17) of the water samples
(Fig. 5). The elevated EC, C1~ and high content of Na™
relative to Ca*", Mg*" and K samples suggest their saline
origin and brackish nature of DTW and surface water,
which agrees with the previous study (Halim et al. 2009;
Bahar and Reza 2010). Salinity, TH and Na*, K™, C1~ ions
indicate that most of the surface water and DTW samples
might be affected by the seawater influence and hydro-
geochemical processes and may not be suitable for irriga-
tion in the pre-monsoon season.

Discussion

River water and the DTW in the study area are more
endangered to sodium hazard compared to shallow
groundwater in the study area. The ratio of Ca®" and Mg*"
of all water samples indicated that there was no perme-
ability problem of the soil. Considering Na:Ca ratio, the
STW showed high suitability for irrigation. Moreover,
simultaneous decrease in good-quality water resources
emphasizes the need of using surface water and ground-
water resources conjunctively for irrigation. The conjunc-
tive use allows the utilization of poor-quality water, which
cannot be used as such for crop production due to its
harmful effect on soil and crop health (Singh 2014).
Analysis of secondary electrical conductivity (Ec) data of
Madhumati River from 2004 to 2011 with each month
interval indicated that the temporal variation of salinity
increased from the month of December (pre-monsoon
season) and reached its highest peak in May, followed by a
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Table 2 Pearson correlation matrix for irrigation water samples (n = 21) collected from Gopalganj Sadar Upazila

pH EC TDS Ca*+ Mg>* Na* K* Fe NeYen PO~  CI” TH
pH 1
EC —0.38 1
TDS —0.38 0.99* 1
Ca*" —0.25 0.56* 0.56* 1
Mg>" —0.14 0.69* 0.69* 0.86* 1
Na*t 0.11 0.20 0.20 —0.25 0.06 1
K" 0.41 0.21 0.21 0.06 0.16 0.12 1
Fe —0.03 0.09 0.09 0.49% 0.34 —0.435% 0.15 1
S04~ —0.10 0.12 0.12 0.33 0.24 —0.07 0.04 —0.12 1
PO, —0.22 —0.02 —0.02 0.15 —0.05 0.03 —0.16 0.14 0.06 1
ClI™ —0.21 0.07 0.07 —0.03 0.04 0.19 —0.20 0.05 —0.23 —0.23 1
TH -0.21 0.60%* 0.61°%* 0.95% 0.89% —0.16 0.04 0.32 0.48* 0.06 —0.04 1
Two-tailed test of significance is used
* Correlation is significant at the 0.05 % level
0.5 0.0 0.5 1.0
Table 3 Extracted eigenvectors for coefficients of principal compo- T T T T T
nent analysis (PCA) of irrigation water samples collected from .
Gopalganj Sadar Upazila ] ¢ 1
Coefficients of PC1  Coefficients of PC2 % Nd
pH ~0.17071 —0.04712 g _ Ec 1%
£ o 4 “TDS
Ec 0.40078 0.32411 S K
TDS 0.40122 0.32348 Eg 0 Mgb 0.0
Ca*t 0.4372 —0.22972 2 JoepH Total Hardness
- & 1580, Tca”
Mg 0.44024 0.03141 PO,.
Na® —0.02643 0.59473 o, Fe 105
Kt 0.07151 0.1106
Fe 0.17795 —04277 27 v ' T !
SO427 0.16783 —0.15239 Principal Component 1
PO, 0.03411 —0.23592
cr- 0.00811 0.29081 Fig. 5 PCA of the sample water of Gopalganj Sadar Upazila
Total hardness 0.44432 —0.1484
Eigenvalue 4.33 1.78 ’
Percentage of variance  36.15 % 14.86 % T

Total variance

47.87 % (approx.)

declining trend in June (Fig. 6). The reason for the salinity
increase from January to May is the low flow from Ganges
and low rainfall as well as inflow of saline water from the
Bay of Bengal. April and May are regarded as the most
salinity-affected months with the level of salinity reaching
to 2.36 £ 1.71 and 2.35 £+ 1.88 dS/m, respectively. With
the setting of the hydrological season in June, enough
rainfall runoff and upstream river discharge, the salinity

level falls down.

In Bangladesh, deep wells were originally drilled to
avoid salinity in shallow groundwater (Ravenscroft et al.
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Fig. 6 Electric conductivity EC (dS/m) of Madhumoti River
(2004-2011). Vertical and capped bars indicate standard deviation
of the means
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2013). However, it is evidenced from the study that DTW
of the study area was rather unsafe and is a potential source
of salinity hazard. By considering the salinity and sodium
hazard of all water sources, it can be recommended that
STW is the best source for irrigation compared to others,
although heavy withdrawal might lead to the intrusion of
brackish water in the shallow aquifer and adversely affect
drinking water resources. Utilization of river water and
DTW when salinity levels are low during the monsoon
season simultaneously can ensure conjunctive utilization
and sustainable water resources. Conjunctive use of poor-
quality water has many benefits, which include increasing
the agricultural production and productivity by maintaining
effective leaching of the root zone, reducing salt export
requirements to prevent groundwater degradation and
controlling the waterlogging of the root zone. According to
the Department of Environment (MOEF/DoE/GOB 1997),
EC for irrigation water should be 2.25 dS/m. So it can be
suggested that from March to end of May, farmers should
avoid surface water from river for irrigation. Additionally,
it is also revealed that the careful and efficient management
of irrigation with saline water can leave the groundwater
salinity levels unaffected (Malash et al. 2008).

However, despite several advantages, the conjunctive
use of poor-quality water has some limitations as well,
i.e., salinity buildup (Singh 2014). Blending and cyclic
use are two options available for the conjunctive use of
different qualities of water. The good-quality water is
mixed with the poor one in a certain proportion before
applying to the field in the blending mode, while two
water sources are used alternately in the cyclic mode
(Ayers and Westcot 1985; Rhoades 1990). Nevertheless,
considering the existing situation, the blending mode is
not possible, which left with the options of cyclic mode of
using poor-quality saline water through seasonal varia-
tion. Various seasonal modes of using saline and good-
quality waters for growing sensitive and salt-tolerant
crops were advocated by Rhoades (1989). Various com-
binations for using saline and good-quality waters should
be considered for winter irrigation season. Besides that,
excavation of ponds and storing rainwater is a good way
to mitigate irrigation water scarcity in the affected area.
During dry periods, this pond water can be utilized for
irrigation practices. Moreover, it is necessary to bring
down the salinity from soil by leaching salts from land.
Application of simple ashes and biochar can ameliorate
salt stress effects on plants through salt sorption, sug-
gesting novel applications of biochar to mitigate the
effects of salinization in agriculture (Thomas et al. 2013).
Biochar addition reduced plant sodium uptake by tran-
sient Na* binding due to its high adsorption capacity,
decreasing osmotic stress by enhancing soil moisture
content and by releasing mineral nutrients (particularly

K*, Ca®", Mg®>") into the soil solution (Akhtar et al.
2015). Taking this into account, further research can be
taken in the saline-affected areas of the country to ame-
liorate salt stress in agricultural production.

Conclusion

Irrigation water quality is largely influenced by the existing
anions and cations in the water. The sustainability of irri-
gated agriculture in coastal Bangladesh is in jeopardy
because of dwindling water supplies from overextraction,
seawater intrusion and low flow from upstream and climate
change impacts. The presence of high salinity can deteriorate
the soil properties of valuable agricultural land as well as
damage crop production. It is palpable that a large production
in the agricultural sector is highly dependent on good quality
of irrigation water. However, because of increasing salinity
trend in Bangladesh, many areas of the country have started
to realize the impact of using poor-quality water for irriga-
tion. The presence of high salinity and sodicity in irrigation
water can deteriorate the soil properties of valuable agri-
cultural land as well as damage crop production. So, it is very
important to assess the salinity hazard of irrigation water
sources of any agricultural area to earn maximum agricul-
tural yield. Gopalganj District in Bangladesh is a highly
potential district in terms of agriculture and fisheries. The
conjunctive use of surface water and groundwater resources
can solve the water shortages problem of irrigated agricul-
ture up to some extent in the study area. It also allows the
utilization of poor-quality saline water, which cannot be used
per se for crop production due to its harmful effect on soil and
crop health sustainably.
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