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Abstract

Soil salinity (SS) is one of many constraints to sustainable crop production in coastal areas of Bang-
ladesh. With increasing the areas of saline soils in the south-eastern part of Bangladesh, it is of
utmost importance to observe the variations in SS at a spatio-temporal scale. Therefore, this study
attempted to assess the degree and extent of SS as well as the concentrations of ammonium acetate
(NH,OAc) extractable and water (H,0) soluble cations along with anions using laboratory and GIS
techniques. In connection with this, the middle part of Roypur Union of Anowara Upazila was di-
vided into three different zones considering cropping intensity and location of sampling sites. The
representative soil samples were collected from each zone in the pre-monsoon (April) and post-
monsoon (December) periods of the year 2018. The results indicate distinct analytical and mapping
differences in SS of the studied area in the pre-monsoon and post-monsoon seasons. The correlation
of EC with all of the cations and anions was found positive in both seasons. Furthermore, the mean
values of EC along with NH,OAc extractable and H,0 soluble cations as well as anions of all the
sampling sites varied significantly (p<0.01). The findings of this study successfully indicate the vari-

ations in degree and extent of the SS which would help in coping with the suitable crops to grow.

1. Introduction

Among the abiotic stresses, soil salinity (SS) possesses one
of the greatest threats to the sustainable production of crops
around the world (Etesami and Noori, 2019; Gull et al., 2019;
Roy and Chowdhury, 2020a). The solution of saline soils contain
substantial quantities of cations such as sodium (Na*), potassium
(K"), calcium (Ca?) and magnesium (Mg?*), and anions such as
chloride (CI), sulfate (SO,*) and bi-carbonate (HCO,) (Brady and
Weil, 2005; Shahid et al., 2018). The extent and distribution of
salt affected areas are increasing worldwide. Salt affected soils
occupy more than 1100 million hectares (Mha) of lands (Wicke
et al,, 2011) covering low-lying coastal, irrigated, arid and semi-
arid areas worldwide. The coastal regions of Bangladesh consti-
tute more than 30% of the cultivable land of the country of which
549% areas are affected by different degrees of salinity (Haque,
2006). According to the SRDI (2010), saline areas in Bangladesh
have increased by about 26.7% (1.06 Mha) compared to the pre-
vious estimate of 0.83 Mha in 1973.

Due to an increasing degree of salinity and expansion of the
salt-affected areas, normal crop production becomes restricted.
However, the crop production due to SS is not impaired to the
same extent throughout the year. The SS increases during the

months of March to June due to less precipitation (P) and high
evaporation (E), whereas SS decreases during July and August
due to high P and low E. The lack of P and high E are the im-
portant reasons for the SS in dry season (Wenquan et al., 2020).
Moreover, cyclone induced storms originating from the Bay of
Bengal (BoB) cause the agricultural lands of Bangladesh to be-
come saline through the inundation with salt water (Huq and
Shoaib, 2013). Salt accumulation in the dry season can reduce
agricultural productivity by 50%, threatening the livelihoods of
farmers in the coastal areas of Bangladesh (Clarke et al., 2015).
Soil salinity restricts the cultivation of crops in the dry season
and also delays the planting of crops in the wet season until rain-
fall reduces the salt content in the soil (Rahman et al., 2017).
With the increase in the extent and distribution of SS in
Bangladesh, there is an urge for better utilization of lands, so
that sustainable food security can be ensured for the vast popu-
lation. Selection of appropriate crops in salt affected areas de-
pending on the spatial and temporal variations in the intensity
of salt stress can be one of the approaches for maximum uti-
lization of lands. The study of SS in the south and south-west-
ern parts of Bangladesh with special emphasis on seasonal and
spatial changes has been carried out in recent years (Rahman
et al., 2017; Jamil et al., 2020). However, no such study on spatio-
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temporal variations in SS in the south-eastern part of Bangla-
desh was found so far. Considering the research gap, the present
study was conducted on Anowara Upazila under the Chattogram
district of Bangladesh to observe the spatio-seasonal variations
in SS through laboratory analysis and GIS techniques. This study
gives an insight into the concentrations of cations and anions
associated with SS at different locations in two different seasons
(i.e., pre-monsoon and post-monsoon). Moreover, the study fo-
cuses on GIS mapping to measure the degree and extent of SS as
well as the spatial variations of the major cation (e.g., Na*) and
anion (e.g., Cl) in two different seasons.

2. Materials and methods
2.1. Study area

Anowara Upazila (a sub-unit of a district) is located in the
south-eastern part of Chattogram district and exists in between
22°07’ and 22°16’ north latitudes and in between 91°49’ and
91°58’ east longitudes (Fig. 1). It covers an area of 16,413 ha
with 11 Union parishads (a local administrative unit), of which
Roypur Union is one of the listed categories. This Upazila had
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a population of 219,446 in 1991 with a density of 1300/km? and
is surrounded by Patiya Upazila on the north, Banskhali Upazila
on the south, Chandanaish Upazila on the east and BoB on the
west (Bhuiyan, 2012). The study area belongs to Roypur Union
under this Upazila which belongs to Chittagong Coastal Plain of
Agro-Ecological Zone (AEZ-23) (Huq and Shoaib, 2013), covering
approximately 2,456 ha. The physiography of the area is almost
level with an inclination of less than 5% (LRUG, 1997).

According to Google earth pro 7.3.3.7786 version (2020), the
elevation varies from 3-9 m from the mean sea level (MSL). Ag-
riculture represents 42% of the total income source of the people
living in this area. The pre-monsoon or dry period persists from
March to April, whereas the post-monsoon or winter period
lasts from November to February. The maximum and minimum
temperature was observed as 32.48°C and 24.25°C in April and
January of 2018, respectively. The average monthly precipitation
in the study area varies throughout the year (as per the record
of 2018), where maximum and minimum were observed 761.52
mm and 2.44 mm in the month of June and November, respec-
tively (NASA Earthdata, 2018) (Fig. 2). The area is susceptible to
salt water intrusion during the monsoon period and varying de-
grees of SS during the dry season due to low atmospheric mois-
ture and high temperature (LRUG, 1997).
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Fig. 1. Location map of the study area (part of Anowara Upazila) with soil sampling sites and station numbers (red circle point symbol)
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Spatio-temporal variations of soil salinity
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2.2. Collection and processing of soil samples

Based on the crop intensity and location of sampling sites,
the middle part of Roypur Union of Anowara Upazila represent-
ing 348.09 ha was divided manually into three different zones
(zone- 1, 2 and 3) (Fig. 1) with a distance of approximately one
kilometer from each other. In zone-1 (fallow land: 114.12 ha) no
crop is cultivated for the last 15 years due to extreme SS (ac-
cording to local people’s opinion), whereas zone-2 (arable land:
142.21 ha) and zone-3 (arable land: 91.73 ha) are experienced
with single and double crops every year, respectively. The land
types range from moderately low to moderately high, and the
soils of the study area belong to the Raozan soil series of the USDA
soil taxonomy and are characterized by clay loam texture, high
consistency, low drainage capacity, low organic matter content
(LRUG, 1997). The cultivation of rice is commonly practiced at
the advent of the rainy season in zone-2, whereas rice followed
winter crops is cultivated in zone-3.

Three sampling sites under each zone were selected ran-
domly in an almost parallel way because of the identical char-
acteristics and representative coverage of each zone in map.
Approximately 4-5 kg soil samples in triplicates from each site
were collected from the top layer in pre-monsoon (April) and
post-monsoon (December) seasons in 2018. Therefore, a total
number of 54 (9 sites x 3 replications x 2 seasons) soil sam-
ples were collected from the study area. Before collecting the
soil samples, the plant residues were removed with the help
of a spade. After collection, samples were brought immediately
to the laboratory of the Department of Soil Science, University
of Chittagong, Bangladesh for processing. Hard clods of soil
samples were broken with the help of a wooden hammer and
sieved through 2 mm stainless steel mesh. Representative sub-
samples were separated from the bulk sample for the labora-
tory analyses.

2.3. Laboratory analyses of soil samples and statistical
analysis

The pH and EC of soil samples were measured by using
glass electrode pH (Seven CompactTM pH/Ion S220) meter and
EC meter (Adwa AD 330), respectively after preparing suspen-

Oct Nov  Dec

Surface temperature °C

face temperature (°C) observed over
the study area for the period January-
December 2018

sion at 1:5 soil to water ratio (w/v) (Yue et al., 2016). The EC,
values of soil samples were converted to saturation extract
values by multiplying a conversion factor as mentioned in Ha-
zelton and Murphy (2007). The particle size of the soil sample
was analyzed by the hydrometer method as described in Huq
and Alam (2005). As mentioned in Richard (1954), the determi-
nation of ammonium acetate (NH,OAc) extractable and water
(H,0) soluble cations were performed by extracting the soils
with 1IN NH,OAc and distilled H,O, respectively. The results
for individual determination of NH,OAc extractable and H,0
soluble cations were presented accordingly in the results and
discussion section. In the present study, neither were the ex-
changeable bases determined by subtracting the concentration
of H,0 soluble cations from the concentration of NH,OAc ex-
tractable cations nor were the soils pre-washed for the deter-
mination of exchangeable bases. The concern was to express
the concentration of NH,OAc extractable and H,0O soluble Na’,
K*, Ca**and Mg* in the pre-monsoon and post-monsoon peri-
ods. In this regard, NH,OAc extractable cations (Na‘, K*, Ca*
and Mg?*) were extracted with 1N NH,OAc (pH 7.0) at 1:5 ratio
(w/v) by shaking for 30 minutes and filtration without any pri-
or washing of soluble salts, whereas H,0 soluble cations were
extracted at 1:5 ratio (w/v) with distilled H,0 by shaking for
60 minutes followed by filtration (Thomas, 1982). Both NH,OAc
extractable and H,O soluble parameters were extracted by
destructive methods involving seperate dissolution of the soil
samples (Vogel, 1989). The concentrations of Na* and K* in the
extracts were determined by atomic absorption spectrometer
(AAS) (Agilent Technologies 200 Series AA), whereas Ca?* and
Mg?" concentrations were determined by ethylene di-amine
tetra acetic acid (EDTA) method as described in Huq and Alam
(2005). The available Cl- was extracted by shaking the soil sam-
ples for 60 minutes with distilled water at the ratio of 1:5 and
then the concentration was determined by titrating the extract
against standard 0.05 N silver nitrate after adding 2-3 drops of
K,Cr,0, (Huq and Alam, 2005). The concentration of SO,2 was
determined by spectrophotometer (SP 3000 nano Optima) at
a wavelength of 420 nm following turbidimetric method using
Tween-80 (Huq and Alam, 2005) after extracting the samples by
shaking with KH,PO, at 1:5 ratio (w/v) for 30 minutes followed
by filtration with Whatman filter paper 42 (Gupta, 2001).
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Duncan’s Multiple Range Test (DMRT) was performed by
using statistical packages for social sciences (SPSS version 16)
to measure differences at 5% level of significance between
pairs of means of the obtained results for the specific sampling
season. Correlation analyses were also performed using the
same package.

2.4. GIS map visualization

To further illustrate the data, based on the analytical val-
ues, selective important parameters were considered for GIS
map making and data visualization using ArcGIS 10.7 software.
To monitor the spatio-temporal variations of SS in the two dif-
ferent seasons, first the boundary of Anowara Upazila was con-
sidered, where specific study area (representing a part of Roy-
pur Union) was delineated and created a study area boundary
as a shapefile. The three zones were created based on the user
segment choice within the study boundary shapefile and the
zone area statistics in ha were created under the area column
heading by applying to calculate geometry option in ArcGIS
10.7 software. In the next stage, the selected parameters such
as EC, NH,OAc extractable and H,O soluble Na* as well as avail-
able Cl- in the pre-monsoon and post-monsoon periods were
considered for the mapping exercise and data visualization.
These have been done by using the Inverse Distance Weighted
(IDW) interpolation method as it was found better in previous
studies (Karim et al., 2019 and Roy et al., 2020).

To determine the spatio-temporal variations of SS, two
sets of distinct maps of individual selective parameters (as
mentioned above) were prepared based on the manual breaks

7 1 W Pre-monsoon [ Post-monsoon
2 b

od d dd b bed

pH
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method considering high and low values of both pre-monsoon
and post-monsoon data of the respective parameters, respec-
tively. For map visualization, the same color code was used to
represent high (red) and low (green) values. However, for EC
classification, five categories such as low, moderate, high, se-
vere, and extreme were selected by following the established
class range adopted from Hardie and Doyle (2012).

3. Results

To assess the spatial and temporal variations in SS, the con-
centrations of such cations as Na*, K*, Ca?>* and Mg?, and such
anions as Cl- and SO,> of soil samples collected from different
sampling sites in two different seasons were analyzed and pre-
sented sequentially. The texture of the soil samples in the study
area was clay loom which belongs to the broad group of loam.
The average contents of organic matter in zone-1, 2 and 3 were
1.91%, 1.79% and 2.07%, respectively. The maximum water hold-
ing capacity (WHC) of soils collected from different sites ranged
from 44 to 49%.

3.1. pH and EC

The highest pH value in the pre-monsoon period was found
in site-3 followed by site-2 and site-1 belonging to zone-1, and
the lowest value was found in site-5 which belongs to zone-2
(Fig. 3A). Similarly, in the post-monsoon period, the highest pH
values were observed in sites belonging to zone-1 and the low-
est values were observed in sites under zone-2. Compared to

the pre-monsoon, the pH values during the post-

A monsoon period increased by 3.85%-14.72%.

Fig. 3B shows the spatial and seasonal

¢ changes in soil EC. During both the pre-monsoon

and post-monsoon periods, the highest EC values
were observed in zone-1 and the lowest values
were observed in zone-3, respectively. During
the pre-monsoon period, the EC value in site-
3 was found to be 4.33-times higher compared
to site-9, whereas in site-1, it was found to be
7.84-times higher compared to site-7 during the
post-monsoon period. The EC value decreased
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Site-1 | Site2 | Site-3
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sampling sites in both the pre-monsoon and
post-monsoon periods differed significantly
(p <0.01).
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3.2. Concentrations of NH,OAc extractable and H,O soluble
monovalent cations

Fig. 4 (A-D) shows the concentrations of NH,OAc extract-
able and H,O soluble Na* and K* of soil samples collected in the
pre-monsoon and post-monsoon periods. The concentrations of
NH,OAc extractable and H,O soluble Na* were found to be high-
est in different sites belonging to zone-1 and the lowest in sites
belonging to zone-3 both in the pre-monsoon and post-monsoon
periods (Fig. 4A and Fig. 4B). In the pre-monsoon period, the
NH,OAc extractable Na*in site-2 belonging to zone-1 was 56.48%
higher relative to site-7 belonging to zone-3 (Fig. 4A). Similarly,
in the post-monsoon period, the NH,OAc extractable Na* in site-1
was found to be 86.21% higher compared to site-7 (Fig. 4A). On
the other hand, the concentration of H,0 soluble Na* in site-3
was found to be 56.15% higher compared to site-9 in the pre-
monsoon period, and 91.52% higher in site-1 compared to site-7
in the post-monsoon period (Fig. 4B). Both NH,OAc extractable
and H,O soluble Na* concentrations in the post-monsoon period
decreased by as highest as 72.86% and 84.92% respectively, rela-
tive to the pre-monsoon period.

The maximum concentration of NH,OAc extractable K" in
the pre-monsoon period was observed in site-3 which was 3.43-
folds higher compared to site-5 having minimum concentration
(Fig. 4C). Similarly, in the post-monsoon period, the concentra-
tion of NH,OAc extractable K- was found 5.40-folds higher in
site-2 belonging to zone-1 compared to site-6 belonging to zone-
2. On the other hand, the concentration of H,O soluble K" in the
pre-monsoon and post- monsoon periods were found to be 5.74
and 4.83-folds higher, respectively in site-3 and site-1 compared

[Post-monsoon A
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1600 a b ab b
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Spatio-temporal variations of soil salinity

to site-7 (Fig. 4D). However, the concentrations of NH,OAc ex-
tractable and H,O soluble K* decreased in all the respective sites
in the post-monsoon in comparison to the pre-monsoon period.
The NH,OAc extractable K* decreased by as highest as 58.09%
(Fig. 4C), whereas of H,O soluble K* by 69.01% (Fig. 4D) in the
post-monsoon relative to pre-monsoon season. The mean con-
centrations of NH,OAc extractable and H,O soluble Na' and K*
among all sampling sites varied significantly (p < 0.01) from
each other in both the seasons.

3.3. Concentrations of NH,OAc extractable and H,O soluble
divalent cations

Fig. 5 (A-D) shows the concentrations of NH,OAc extractable
and H,0 soluble Ca* and Mg?" of soil samples collected from dif-
ferent sites in the pre-monsoon and post-monsoon seasons. The
concentrations of NH,OAc extractable Ca? in site-4 were 35.29%
and 44.79% lower respectively in the pre-monsoon and post-mon-
soon periods compared to site-1 (Fig. 5A). On the other hand, the
concentration of H,0 soluble Ca*" was found to be 50.00% lower
in site-9 compared to site-2 in the pre-monsoon period, whereas
30.95% lower in site-5 compared to site-1 in the post monsoon
period (Fig. 5B). Both the concentrations of NH,OAc extractable
and H,O soluble Ca* were found lower in the post-monsoon
compared to the pre-monsoon period. In the post-monsoon sea-
son, NH,OAc extractable Ca* content decreased by as highest as
36.67%, whereas H,O soluble Ca?* content decreased by 80.0%
relative to the pre-monsoon season.

The highest concentrations of NH,0OAc extractable Mg? in
both the pre-monsoon and post-monsoon periods were found

W Pre-monsoon  [1Post-monsoon C

NH,OAC extractable K" (mg kg™)

Site-1 | Site-2 | Site-3 | Site-4 | Site-5 | Site-6 | Site-7 | Site-8 | Site-9

500 -+ ®Pre-monsoon  [JPost-monsoon D

Site-1 | Site-2 | Site-3 | Site-4 | Site-5 | Site-6 | Site-7 | Site-8 | Site-9

Fig. 4. Concentration of NH,0OAc extractable and H,O soluble Na* and K* in the pre-monsoon and post-monsoon periods. (A) NH,OAc extractable Na*, (B)

H,0 soluble Na, (C) NH,0Ac extractable K-, (D) H,O soluble K*
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(B) H,0 soluble Ca, (C) NH,OAc extractable Mg, (D) H,O soluble Mg*
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In the post-monsoon period, the concentration of Cl- decreased
by 59.57%-87.10% relative to the pre-monsoon period. In the
pre-monsoon and post-monsoon periods, the highest concen-
trations of SO, were observed in site-3 and site-2, which were
2.54-folds and 3.24-folds higher compared to sites-7 and site-
9, respectively (Fig. 6B). The concentration of SO,* decreased
in their respective sites ranging from 46.87% to 70.38% in the
post-monsoon compared to the pre-monsoon season. The mean
concentrations of CI- and SO,*> among all sampling sites varied
significantly (p < 0.01) in both the seasons.

3.5. Correlation co-efficient (r)

The correlation between EC with all NH,OAc extractable
mono- and di-valent cations in the pre-monsoon and post-mon-
soon seasons was positive and highly significant (p < 0.01) (Ta-
ble 1). Similarly, the relationship between EC with all H,0 solu-
ble mono- and di-valent cations as well as available anions (CI
and SO,*) was found positive and significant at 1% level except
EC and H,0 soluble Ca*" in the post-monsoon period (p < 0.05)
(Table 2).

Table 1

Spatio-temporal variations of soil salinity

3.6. Map visualizations

Furthermore, the sampling sites were categorized from low
saline to extreme saline for both the pre-monsoon and post-mon-
soon periods based on the manual breaks classification method
(5 classes are generated in this regard) shown in Fig. 7. The total
study area has been calculated as 348.09 ha.

In the pre-monsoon season, the EC of zone-1 was found more
than 32.0 mS cm™. Besides, the EC was reported in the range of
16.0-32.0 and 8.0-16.0 mS cm in zone-2 and zone-3, respective-
ly. On the other hand, in the post-monsoon season, the degree of
salinity in zone-1 decreased representing EC within the range of
8.0-16.0 mS cm. Similarly, the degrees of salinity in both zone-2
and zone-3 declined with EC values in the range of 4.0-8.0 and
2.0-4.0 mS cm™ respectively (Fig. 7). Similar to SS mapping, the
variations in the concentrations of the major cation (e.g., Na*)
and anion (e.g., CI) which contribute to SS are shown in Fig.
8-10. The spatial and temporal differences in the concentrations
of NH,OAc extractable and H,O soluble Na* as well as available
Cl were depicted with the color gradient, where red color rep-
resented high concentration and green color represented low
concentration (Figs. 8-10).

Correlation among NH,OAC extractable ions in pre-monsoon and post-monsoon

pH EC Na* K*

K
Ca*

M g2+

Ca2¢

Mg2+

Orange color and green color represent correlation co-efficient (r) values in pre-monsoon and post-monsoon repectively

** Correlation is significant at the 0.01 level (1-tailed)
* Correlation is significant at the 0.05 level (1-tailed)

Table 2

Correlation among H,0 extractable ions in pre-monsoon and post-monsoon

pH EC Na* K

pH 1

K
Ca*
Mg
Cl
SO,

Ca2+

Mg ar S0z

Orange color and green color represent correlation co-efficient (r) values in pre-monsoon and post-monsoon repectively

** Correlation is significant at the 0.01 level (1-tailed)
* Correlation is significant at the 0.05 level (1-tailed)
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Fig. 7. Visualization of the extent and degree of SS in terms of EC (mS cm™) in the pre-monsoon (left) and post-monsoon (right) periods
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4. Discussion

All the collected soil samples belonging to zone-1, 2 and 3
were acidic in nature which was found in consistent with other
observations (Brammer, 1996; LRUG, 1997). Salt affected soils
having low pH are rare throughout the world and these soils
show characteristics identical to the acidic-salt affected soils (Gu-
narathne et al.,, 2020). The dominance of SO,* over CI' might be
responsible for lowering the pH of saline soils. Several research-
ers also reported the acidic nature of saline soils that exist in
different coastal parts of Bangladesh (Chowdhury, 2016; Haque,
2018; Jamil et al., 2020). Compared to the pre-monsoon season,
the soil pH of all the sampling sites in the post-monsoon season
increased which was likely due to the removal of SO,* with rain
water during the monsoon period. In the recent study, Roy and
Chowdhury (2020b) observed that the leaching of acidic saline
soils resulted in an increased pH compared to non-leached soils.
In contrast to the present study, Chaganti et al. (2015) found a
significant decrease in pH when the soils amended with organic
matters were subjected to irrigation.

In general, soils having EC of saturated soil extract greater
than 4 mS cm™ are referred to as saline soils (Brady and Weil,
2005). The study area was grouped from low to extremely saline
depending on EC values of saturation extract. All the sampling
sites belonging to zone-1 were found in the class of extremely
saline in the pre-monsoon season and highly saline in the post-
monsoon season, whereas all the sites belonging to zone-2 fell in
the group of severely saline in the pre-monsoon and moderately
saline in the post-monsoon period (Fig. 7). On the other hand, all
the sampling sites collected from zone-3 were found in the cat-
egories of highly saline and low saline in the pre-monsoon and
post-monsoon periods, respectively (Fig. 7). The salinity of soil
and the concentrations of cations and anions decreased with in-
creasing distance from the Sangu River valley (SRV) toward the
north. A similar observation was found by Hoque et al. (2019),
where salinity decreased with the distance from the coastal
belt. The variation in the degree and extent of soil salinity might
be due to tidal influences in the depressions, washing off salts
with freshwater from the upper ground, or complex geological
formations (Rahman et al., 2017). It is worth mention that, the
coastal plains of Bangladesh are characterized by the almost lev-
el, clay landscape and crisscrossed by numerous interconnected
tidal rivers and creeks causing shallow to moderate periodical
submergence by flash flood (Huq and Shoaib, 2013). Despite of
uniform sediment characteristics, the salinity in these coastal
areas is mainly influenced by the climatic elements especially
variations in temperature and rainfall, as well as changes in sea
level rise (Dasgupta, 2014). The low lying coastal belts of Bang-
ladesh are highly vulnerable to sea level rise and saline water
intrusion as a result of global climate change (Clarke et al., 2015).
In the post-monsoon period, the salinity levels were found lower
in all the respective sites compared to the pre-monsoon period,
which was in agreement with the findings of Jamil et al. (2020).
Moreover, Hoque et al. (2019) also observed that the salinity and
concentration of ClI- decreased in the wet season compared to the
dry season. This could be due to the leaching of soluble salts dur-
ing monsoon rain. Saline soils contain salts of Na*, K*, Ca* and
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Mg* in association with ClI, SO,* and HCO,” which are soluble
and leachable with irrigation water (Zhang et al., 2014; Roy and
Chowdhury, 2020b).

In coastal areas of Bangladesh, the degree of SS increases
continuously from the beginning of winter and reaches its peak
during the months of March to April, whereas the intensity of sa-
linity decreases with the advent of the rainy season and reaches
its minimum during the months of July to August. The seasonal
changes in SS with respect to temperature and rainfall in the
year of 2018 is clearly visible from Fig. 2. This phenomenon
has been also reported by Yan et al. (2015) that the levels of SS
change with the season, where SS increases gradually reaching
its peak in the dry season and decreases in monsoon period. This
could be due to the release of ions from the exchange sites and
concomitant removal from the soil solution with percolating wa-
ter during the monsoon period. In another study, Clarke et al.
(2015) stated that salts are significantly deposited on the agricul-
tural land during the dry season and monsoon rains determine
the accumulation of salts by regulating the removal of these salts
through leaching. A similar observation was found by Cucci et al.
(2016), where rain water of the autumn-winter period ensures
good control of SS. Mojid and Acharjee (2013) also observed that
the monsoon rainfall resulted in a significant decrease in salt
content at the end of the rainy season that accumulated in the
top soil layer due to irrigation by synthetic saline water.

The magnitude of the mean concentration of cations of all
the sampling sites in the order of Na* > Mg?* > Ca* > K" was in
consistent with the previous observation (Roy et al., 2020). SRDI
(2010) also stated that Na‘, Ca?, Mg?* and K' are the dominant
cations found in saline soils, and the ionic preponderance de-
creased in the order of Na* > Mg?* > Ca?* > K in areas under the
influence of brackish water. The positive correlation of EC with
that of other cations and anions (Table 1 and 2) in the present
study was in consistent with other findings (Cebas-Csic et al.,
1997; Roy et al,, 2020; Roy and Chowdhury, 2020b). The EC of
soil solution is the measure of its ability to conduct an electric
current which usually depends on the number of ions present
in the soil, and the higher the concentration of dissolved ions in
soil solution, the higher its EC (Brady and Weil, 2005). A strong
relationship between EC and total dissolved salts (TDS) was also
observed by Rusydi (2018) and Jemily et al. (2019).

5. Conclusions

It can be concluded from the present work that the degree
and extent of SS as well as the concentrations of associated cati-
ons and anions decreased in the post-monsoon compared to the
pre-monsoon period, and also with increasing distance from the
SRV. These variations of SS in the coastal areas are influenced by
a number of factors including seasonal changes in temperature
and rainfall, almost level landscape, and a number of intercon-
necting tidal rivers. Moreover, the relationship of EC with that of
all NH,OAc extractable and H,O soluble cations as well as anions
was positive and highly significant. The magnitude of the mean
concentration of cations of all the sampling sites was observed
in the order of Na* > Mg?* > Ca®* > K.
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Soil salinity is one of the most severe environmental factors
limiting the production of crops in the coastal area of Bangla-
desh. The identified trend in SS regarding spatial and seasonal
variations could provide guidelines for developing sustainable
crop production in the coastal areas of Bangladesh. Growing
short duration winter crops can be practiced with proper soil
management during the months of December to February to
better use of agricultural lands in the study area. Taking into
account the severity of the problem to sustainable crop produc-
tion, it is recommended to take a large number of soil samples
from the coastal zones of Bangladesh to assess the spatio-tempo-
ral variations of SS to a great extent through laboratory and GIS
techniques in the future research.

Acknowledgments

The authors are highly grateful to the Department of Soil
Science, Faculty of Biological Sciences, University of Chittagong,
Bangladesh for providing laboratory supports to conduct this
research.

References

Bhuiyan, G.K,, 2012. Anowara upazila. [In:] Islam, S. (Ed), Banglapedia:
national encyclopedia of Bangladesh. Asiatic Society of Bangladesh.

Brady, N.C., Weil, R.R., 2005. The nature and properties of soils. Pearson-
Prentice Hall, India.

Brammer, H., 1996. The geography of the soils of Bangladesh. University
Press Limited, Dhaka.

Cebas-Csic, J.A.R., Herndndez, J., Silla, R.O., Alcaraz F., 1997. Patterns of
spatial and temporal variations in soil salinity: Example of a salt
marsh in a semiarid climate. Arid Soil Research and Rehabilitation
11(4), 315-329. https://doi.org/10.1080/15324989709381485

Chaganti, V.N., Crohn, D.M., Simunek, J., 2015. Leaching and reclamation
of a biochar and compost amended saline-sodic soil with moderate
SAR reclaimed water. Agricultural Water Management 158, 255-265.
https://doi.org/10.1016/j.agwat.2015.05.016

Chowdhury, N., 2016. Influence of rice straw incorporation on the mi-
crobial biomass and activity in coastal saline soils of Bangladesh.
Open Journal of Soil Science 6, 159-173. https://doi.org/10.4236/
0jss.2016.610016.

Clarke, D., Williams, S., Jahiruddin, M., Parks, K., Salehin, M., 2015. Pro-
jections of on-farm salinity in coastal Bangladesh. Environmen-
tal Sciences: Processes and Impacts 17(6), 1127-1136. https://doi.
0rg/10.1039/c4em00682h

Cucci, G., Lacolla, G., Mastro, M.A., Caranfa, G., 2016. Leaching effect of
rainfall on soil under four-year saline water irrigation. Soil and Wa-
ter Research 11(3), 181-189. https://doi.org/10.17221/20/2015-SWR

Dasgupta, S., Kamal, F.A., Khan, Z.H., Choudhury, S., Nishat N., 2014. River
salinity and climate change: Evidence from coastal Bangladesh. Poli-
cy Research Working Paper No. 6817, Development Research Group,
World Bank, Washington, DC. https://openknowledge.worldbank.org/
handle/10986/17735.

Etesami, H., Noori, F., 2019. Soil salinity as a challenge for sustainable ag-
riculture and bacterial-mediated alleviation of salinity stress in crop
plants. [In:] Kumar, M., Etesami, H., Kumar, V. (Eds.), Saline soil-based
agriculture by halotolerant microorganisms. Springer, Singapore,
1-22. https://doi.org/10.1007/978-981-13-8335-9_1

Gull, A, Lone, A.A,, Wani, N.U.L, 2019. Biotic and abiotic stresses in plants.
[In:] de Oliveira, A.B. (Ed), Abiotic and biotic stress in plants. Intech-
Open, London, 1-6. https://doi.org/10.5772/intechopen.85832

Spatio-temporal variations of soil salinity

Gunarathne, V., Senadeera, A., Gunarathne, U., Biswas, J.K., Almaroai,
Y.A., Vithanage, M., 2020. Potential of biochar and organic amend-
ments for reclamation of coastal acidic-salt affected soil. Biochar 2,
107-120. https://doi.org/10.1007/s42773-020-00036-4

Gupta, PK.,, 2001. Methods in environmental analysis: water, soil and air.
Agrobios, India.

Haque, M.A., 2018. Variation in salinity through the soil profile in south
coastal region of Bangladesh. Journal of Bangladesh Academy of
Sciences 42(1), 11-23. https://doi.org/10.3329/jbas.v42i1.37829

Haque, S.A., 2006. Salinity problems and crop production in coastal re-
gions of Bangladesh. Pakistan Journal of Botany 38(5), 1359-1365.

Hardie, M., Doyle, R., 2012. Measuring soil salinity. [In:] Shabala, S., Cuin,
T.A. (Eds.), Plant salt tolerance: methods and protocols. Humana
Press,Totowa, 415-425. https://doi.org/10.1007/978-1-61779-986-0_28

Hazelton, P., Murphy, B., 2007. Interpretating soil test results: what do all
the numbers mean? CSIRO publishing, Australia.

Hoque, A., Hossen, M.A., Islam, M.F., Mahmud, M.L.U., 2019. Seasonal vari-
ation of salinity of ground water at Patenga area of Chittagong dis-
trict in Bangladesh. Progressive Agriculture 30(1), 65-70. https://doi.
0rg/10.3329/pa.v30i0.41559

Hugq, S.M.I, Alam, M.D., 2005. A Handbook on analysis of soil, plant and
water. BACER-DU, University of Dhaka, Bangladesh.

Hug, S.M.I, Shoaib, J.U.M., 2013. The soils of Bangladesh. Springer, Dor-
drecht. https://doi.org/10.1007/978-94-007-1128-0

Jamil, M.R., Kabir, M.H., Chowdhury, M.N,, Islam, M.T., Islam, M.S., 2020.
Seasonal changes of soil salinity and nutrients in the coastal Bhola
Island, Bangladesh. Bangladesh Journal of Environmental Science 39,
5-12.

Jemily, N.H.B., Sa’ad, F.N.A., Amin, A.R.M., Othman, M.F., Yusoff, M.Z.M.,
2019. Relationship between electrical conductivity and total dissolved
solids as water quality parameter in Teluk Lipat by using regression
analysis. [In:] Bakar, M.A., Sidik, M.M., Ochsner, A. (Eds.), Progress
in engineering technology. Advanced sructured materials, Springer,
Cham, 169-173. https://doi.org/10.1007/978-3-030-28505-0_13

Karim, M.A., Uddin, M.H., Barua, S., Nath, B., Chowdhury, A.I, Hoque,
M.A., Rahman, I.M.M., 2019. Pollution source identification of Halda
River water using field observation, laboratory analysis and GIS tech-
nique. Oriental Journal of Chemistry 35(5), 1480-1490. http://dx.doi.
0rg/10.13005/0jc/350502

LRUG, 1997. Land resource utilization guide (Anowara Thana). Soil Re-
source Development Institute, Ministry of Agriculture, Government
of the People’s Republic of Bangladesh Bangladesh.

Mojid, M.A., Acharjee, T.K.,, 2013. Efficacy of monsoon rainfall in salt
leaching through a field soil after wheat cultivation under saline wa-
ter irrigation. Environmental Control in Biology 51(1), 35-39. https://
doi.org/10.2525/ech.51.35

NASA Earthdata, 2018. Available at: https://earthdata.nasa.gov/

Rahman, S., Sarker, R.H., Mia, Y., 2017. Spatial and temporal variation of
soil and water salinity in the south-western and south-central coastal
region of Bangladesh. Irrigation and Drainage 66(5), 854-871. https://
doi.org/10.1002/ird.2149

Richards, L.A., 1954. Diagnosis and improvement of saline and alkali
soils. Agricultural hand book 60. U.S. Dept. of Agriculture, Washing-
ton D.C.

Roy, S., Akhtaruzzaman, M., Nath, B., 2020. Spatio-seasonal variations of
salinity and associated chemical properties in the middle section of
Karnaphuli river water, Chittagong, Bangladesh using laboratory
analysis and GIS technique. International Journal of Environmental
Science and Development 11(8), 372-382. https://doi.org/10.18178/
ijesd.2020.11.8.1278

Roy, S., Chowdhury, N., 2020a. Salt stress in plants and amelioration strat-
egies: A critical review. IntechOpen, London, United Kindom. https://
doi.org/10.5772/intechopen.93552

Roy, S., Chowdhury, N., 2020b. Effects of leaching on the reclama-
tion of saline soils as affected by different organic and inorganic

11

144725



Roy et al.

amendments. Journal of Environmental Science and Sustainable
Development 3(2), 332-358. https://doi.org/10.7454/jessd.v3i2.1075

Rusydi, A.F., 2018. Correlation between conductivity and total dis-
solved solid in various type of water: A review. IOP Conf. Ser.:
Earth Environ. Sci. 118 012019. https://doi.org/ 10.1088/1755-
1315/118/1/012019.

Shahid, S.A., Zaman, M., Heng, L., 2018. Introduction to soil salinity, sodic-
ity and diagnostics techniques. [In:] Zaman, M., Shahid, S.A., Heng, L.
(Eds.), Guideline for salinity assessment, mitigation and adaptation
using nuclear and related techniques. Springer, Cham, 1-42. https://
doi.org/10.1007/978-3-319-96190-3_1

SRDI, 2010. Saline soils of Bangladesh. Soil Resources Development Insti-
tute. Ministry of Agriculture, Government of the People’s Republic of
Bangladesh.

Thomas, G.W., 1982. Exchangeable cations. [In:] Page, A.L., Miller, R.H.,
Keeney, D.R. (Eds), Methods of soil analysis: chemical and micro-
biological properties (part-2). American Society of Agronomy, Inc.
and Soil Science Society of America, Inc., Madison, Wisconsin, USA,
159-161.

Vogel, A.L, 1989. Vogel’s textbook of quantitative chemical analysis. Long-
man Scientific & Technical, Harlow, Essex, England.

12

144725

SOIL SCIENCE ANNUAL

Wenquan, L., Fang, L., Xingyong, X., Guangquan, C., Tengfei, F., Qiao, S.,
2020. Spatial and temporal variation of soil salinity during dry and
wet seasons in the southern coastal area of Laizhou Bay, China.
Indian Journal of Geo Marine Sciences 49(2), 260-270.

Wicke, B., Smeets, E., Dornburg, V., Vashev, B., Gaiser, T., Turkenburg, W.,
Faaij, A., 2011. The global technical and economic potential of bioen-
ergy from salt-affected soils. Energy & Environmental Science 4,
2669-2681. https://doi.org/10.1039/C1EE01029H

Yan, S., Yu, S., Wu, Y, Pan, D., She, D,, Ji, J., 2015. Seasonal variations in
groundwater level and salinity in coastal plain of eastern China
influenced by climate. Journal of Chemistry 2015, 1-8. https://doi.
org/10.1155/2015/905190

Yue, Y., Guo, W.N,, Lin, Q.M,, Li, G.T,, Zhao, X.R,, 2016. Improving salt
leaching in a simulated saline soil column by three biochars derived
from rice straw (Oryza sativa L.), sunflower straw (Helianthus an-
nuus), and cow manure. Journal of Soil and Water Conservation 71,
467-475. https://doi.org/10.2489/jswc.71.6.467

Zhang, W.T., Wu, H.Q., Gu, H.B,, Feng, G.L., Wang, Z., Sheng, ].D., 2014. Var-
iability of soil salinity at multiple spatio-temporal scales and the re-
lated driving factors in the oasis areas of Xinjiang, China. Pedosphere
24(6), 753-762. https://doi.org/10.1016/S1002-0160(14)60062-X




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


