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Abstract

A study was conducted to observe the soil properties under naturally occurring
saline soil conditions in Bagerhat and Pirojpur. Soil samples at 0-20 cm depth were
collected from Bagerhat sadar and Khachua upazila under Bagerhat district and Projpur
sadar and Nazirpur upazila under Projpur district. Observations were made on soil pH,
organic matter, cation exchange capacity (CEC), electrical conductivity (EC),
exchangeable sodium percentage (ESP), total N, available P, S and exchangeable K, Ca,
Na and Mg contents. Result indicates that pH value ranged from 6.70 to 7.40 and 6.60 to
7.79, organic matter 1.75 to 3.61% and 1.57 to 2.90 %, total N 0.11 to 0.18% and 0.08 to
0.97 %, available P 7.40 to 39.18 mg/kg and 2.92 to 23.40 mg/kg and 0.20 to 1.04%,
available S 15.53 to 66.82 mg/kg and 3.50 to 35.53 mg/kg in Bagerhat and Pirojpur
districts, respectively. In Bagerhat and Pirojpur districts, EC varied from 2.84 to 7.10
ds/m and 1.16 to 4.90 ds/m, CEC 9.77 to 36.35 and 10.34 to 48.70 meq100g™ soils,
exchangeable Na 0.62 to 2.80 meql00g™ soil and 0.75 to 2.11 meql00g™ soil,
exchangeable K 4.20 to 22.68 meql00g™soil and 3.64 to 41.04 meql00g™ soil,
exchangeable Ca 0.84 to 8.37 meq100g™and 0.80 to 17.82 meq100g™, exchangeable Mg
0.13 to 0.60 meq100g™soil 0.17 to 0.38 meq100g™ soil and ESP 4.36 to 11.72 and 3.12
to 7.34, respectively. In Bagerhat, a positive significant correlation of CEC was found
with total N, K, EC, Na, K, Ca and Mg contents. In Pirojpur, a negative significant
correlation of CEC was found with OM, S and Na contents. The paired shows that S, EC,
CEC, K, Ca and ESP will significant between the two locations. These results would be
useful for predicting crop production and varietal response to soil nutrient conditions and
developing fertilizer management in the coastal areas of Bangladesh.
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Introduction

A number of environmental issues and problems are hindering the development
of coastal livelihood of Bangladesh. Salinity is one of them, which is expected to be
aggravated by climate change and sea level rise and eventually which affects crop
production. Bangladesh has 147,570 km? land area that includes 710 km coastal line
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along the Bay of Bengal equivalent to 47,201 km? areas (Alam et al., 2017). The
cultivable land covers 59% in which 16% area is under rice cultivation (Ahmed, 2011).
Salinity has serious negative impacts on agriculture (Hossain, 2009) which otherwise
may enhance crop production and national economy. In Bangladesh about 0.883 million
hectares of the arable lands, which constitutes about 52.8 percent of the net cultivable
area in 64 Upazilas of 13 districts, are affected by varying degrees of soil salinity (Alam
et al., 2017). A recent study indicates that the salinity affected area has increased from
8,330 km* in 1973 to 10,560 km® in 2009 (Soil Resource Development Institute
(Mahmuduzzaman et al., 2014). In shrimp cultivation area soil salinity gradually
increased since 1990. This salinization accelerates which may be due to the effect of
saline water flooding for long period, slow permeability, presence of highly saline ground
water at shallower depth (SRDI, 2018). Tidal flooding occurs during wet season (June-
October), direct inundation by saline water and upward on lateral movement of saline
ground water during the dry season (November-May) (Alam et al., 2017). In addition,
cyclone and tidal surge is accelerating this problem (Abedin, 2010). Most of the river
water remains saline throughout the year and is not suitable for irrigation (SRDI, 2020).
The saline water as irrigation in the coastal areas reduces the growth of most agricultural
crops (Murtaza et al., 2006). Liang et al., (2005) also stated soil salinization is one of the
most serious types of land degradation as well as and a major obstacle to the optimal
utilization of land resources.

Salt affected area are estimated approximately 952 million ha and this area is
increasing year after year all over the world including Bangladesh (Wang et al., 2012).
Degraded in respect to salinization is around 1.02 million ha which amounts to 6.9% of
the geographical area of the country (SRDI, 2020). Soil with an electrical conductivity of
saturation extracts above 4 dS m™ is called saline soil (Flowers and Yeo, 1995). Soil
salinity (electrical conductivity: EC > 4 dS m™) is a major abiotic stress which limits
plant growth and development, causing yield loss in crop species (Corwin and Yemoto,
2017). Salt-affected soils are identified by excessive levels of water-soluble salts,
especially sodium chloride (NaCl) (Tanji, 2002). Salinity causes decline in the crop
productivity and yield of the crop which results in severe degradation of bio-environment
and ecology (Hoque et al., 2013) which is responsible for low cropping intensity in
coastal area (SRDI, 2020).

In an indirect way, soil salinization can abruptly affect plant growth, due to
destruction of the soil configuration and its consequent compacting. This occurs due to a
dispersion of the clay particles caused by substitution of the calcium (Ca®*) and
magnesium (Mg”") ions present in the complex by sodium (Na*), resulting in an increase
in soil solidity, which is, in the percentage of exchangeable sodium (PES), that, in the last
instance, is the main factor responsible for the deterioration of the physical properties of
salt-affected soils. The excessive amounts of salts provided by irrigation waters can have
adverse effects on the chemical and physical properties of the soils and on their biological
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processes (SRDI, 2020). These effects include mineralization of the carbon (C) and
nitrogen (N) and the enzymatic activity, which is crucial for the decomposition of organic
matter and release of the nutrients necessary for sustainability of the production (Wong et
al., 2008). In addition, the agricultural practices can increase or reduce the microbial
population, thus altering the activity, source and persistence of the enzymes in the soil.
(Gupta et al., 2022).

Research has been carried out on naturally occurring saline soils, and the
detrimental influence of salinity on the microbial communities of soil and their activities
reported in the majority of studies (Sardinha et al., 2003). Increase in salinity intrusion
and increase in soil salinity will have critically bad impacts on agriculture. The aim of the
present study was therefore, to study the soil properties in the south west coastal soils of
Bangladesh.

Materials and Methods
Study area

The south western coastal zone is covered by the Sundarban’s mangrove forest,
covering greater Khulna. Greater Khulna district consists of 9 (nine) Upazilas. Out of
them two upazillas namely Bagerhat sadar and Kachua were selected as study area. In
Pirojpur district 2 (two) upazillas were selected, namely, Pirojpur sadar and Nazirpur as
study areas. From each upazilla (3) three unions were identified for the study. 8 (eight)
land sides agriculture field and 4 (four) river sides agriculture field were selected as study
sites

Bagerhat District (Khulna division) comprises an area of about 3959.11 square
kilometer (sg. km), locates in between 21°49' and 22°59' North latitudes and in between
89°32' and 89°98' East longitudes. It is bounded by Gopalganj and Narail districts on the
North, The Bay of Bengal on the South, Gopalganj, Pirojpur and Barguna districts on the
East, Khulna district on the West. Kachua is located at 22°39'00"N 89°53'00"E/
22.6500°N 89.8833°E/22.6500; 89.8833. It has a total area of about 131.62 sg. km.

Pirojpur District comprises with an area of about 1307.6 sg. km, is a district in
south-western Bangladesh. It is bounded by Gopalganj and Barisal districts on the north,
Barguna district on the south, Jhalokati district on the east, Bagerhat district on the west.
Geographically the study area falls in between 22.576475 N 89.9896735 E. Pirojpur
(Town) stands on the bank of the Damodor river. Nazirpur Upazila is located in between
22°40" and 22°52' north latitudes and in between 89°52" and 90°03' east longitudes. It has
a total area of about 233.63 sq. km.

The study sites are highlighted in Figure land 2. The areas lied at 0.9 to 2.1 m
above mean sea level. Soil characteristics of the western coastal zone were silty loams or
alluvium.
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Fig. 1. Study area at Karapara,Gotapara and Bagerhat Sadar in Bagerhat sadar Upazilla
and Badhal, Kachua Sadar and Raripara in Kachua Upazilla.
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Fig. 2. Study area at Shankorpasa, Pourosova and Sariktola dumuritola in Pirojpur
sadar upazilla and Sheikhmatia, Siramkathi and Mativanga in Nazirpur upazilla.

Soil sample collection

Systematic random sampling techniques were used for sample collection from
different paddy fields. Soil samples were collected from 0-20 cm depth. A total number
of 12 samples (with 3 replications for each sample) were collected to determine soil
salinity and fertility status. Samples were collected from 15-16 March, 2020. Global
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Positioning System (GPS) was used to record the absolute positions of collected samples
(Table 1). For soil samples, a transparent polythene bags were used to preserve the
samples and each bag was labeled. About 1kg of soil was collected from each place to
prepare a representative sample. Samples were placed in sealed polythene bags that were
labeled to avoid any damage. The level contained the name of the places, date of
collection and code number of soil sample. Samples were dried in laboratory at room
temperature (25 °C) for 20 days and then ground. The ground samples were then sieved
through a 20-mesh sieve (< 2 mm diameter) to make the samples suitable for chemical
analyses (Petersen, 2002). The labeled samples were analyzed in the central lab of the
Soil Resource Development Institute, Dhaka, Bangladesh.

Table 1. Sampling locations in the study area

Site Latitude Longitude
Sample Sampling Station g
No. no.
. Karapara, Bagerhat Sadar, (Agriculture ~ 22°39°49'N 89°46"16'E
Site 1 S; fiield)
Site 2 S, Gotapara, Bagerhat (Agriculture field) 22°39759.748'N 89°50'47.682"E
Site 3 s Bemorta, Bagerhat Sadar (River bank 22°63'16'N 89°8224"E
3 agriculture field)

Site 4 S, Badhal, Kachua (Agriculture field) 22°38"33.37962"N 89°51730.02828"E
Site 5 Ss Sadar, Kachua (Agriculture field) 22°38710.96476"N 89°5137.08216"E
. Raripara, Kachua (River bank agriculture 22°36°0.57107'N 89°50°6.97538"E

Site 6 Se field)
Site 7 S; Shankorpasa, Pirojpur (Agriculture field) 22°32°3.42144"N 89°5720.34396"E
. Pourosova , Pirojpur Sadar (Agriculture  22°352.77814"N 90°1'31.74766"E
Site 8 Sg field)
Site 9 s Sariktola dumuritola, Pirojpur (River bank 22°34°50.73542"N 90°1"32.00696"E
o agriculture field)
Site 10 Sio Siramkathi, Nazirpur (Agriculture field)  22°42°13.824" N 89°57°'56.124" E
Site 11 Sit Sheikhmatia, Nazirpur (Agriculture field) 22°43729.028" N 89°54°42.66" E
Site 12 12 Mativanga, Nazirpur (River bank 22°42°13.86"N 89°57°56.16" E
agriculture field)
Soil analysis

Soil pH was determined by glass electrode pH meter as described by Jackson,
(1962) with soil water ratios of 1:2.5. Soil electrical conductivity (EC) was measured
with the EM-38 instrument, a conductivity meter (Rhoades, 1982) and with four-
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electrode techniques in field plots having salinity adjusted to different levels but uniform
with depth and organic carbon was determined by wet-oxidation method Walkley and
Black, (1934) as modified by Allison, (1965). The organic matter was obtained by
multiplying the content of organic carbon by Van Bemmelen, factor of 1.73 Page et al.
(1982). Total N was determined by micro-Kjeldahl digestion by using CuSO4-NaSO,
catalyst mixture was used to determine total N. The ammonia (NHs) from the digestion
was distilled with 40% NaOH into 5% Boric acid and determined by titrating with 0.01 N
H,SO, (Jackson, 1973). Available P in the soil sample was measured colorimetrically by
the phospho-vanadomolybdate method (Hanson, 1950). Consentration of exchangeable
K, Ca and Mg of the soil samples were determined after the soil by mixing 10 milliliters
of 1 normal, pH-7, ammonium acetate with a 1 gram scoop of air-dried soil sample and
shaking for 5 minutes, the filtered extract is analyzed with an inductively coupled plasma
atomic emission spectrometer (ICP-AES) (Chintala et al., 2014). For both soil sample;
Na was determined by flame emission spectrophotometer and S was determined by turbid
metric method with the help of a spectrophotometer. CEC was reported as
milliequivalents per 100 grams of soil (meg/100g) Reganold and Harsh, (1985). The
ESP is an already familiar ion-exchange parameter: the exchangeable sodium equivalent
fraction multiplied by 100. A common alternative parameter is the exchangeable sodium
ratio (ESR) also found. (Bleam, 2017). Data were analyzed with SPSS 26.0 and
correlation among soil properties were performed with Microsoft Office Excel
spreadsheet.

Results and Discussion

Determination of chemical properties of soil

The pH, OM and the concentration of total N, available P and S in soil different
soil samples of Bagerhat district varied significantly (Table 2). In Bagerhat, the highest
pH value was (7.40) found in Sq sample and the lowest (6.70) was found S; sample which
is statistically similar with S,, S3, S4 and Ss samples. In Pirojpur, the pH value ranged
from 6.60 to 7.79 with a mean of 7.16. The highest pH value (7.97) found in S;, sample
and the lowest (6.70) was found in soil sample S;. The concentrations of soil nutrients
(e.g., organic C, N, P, and K) are good indicators of soil quality and productivity because
of their favorable effects on the physical, chemical, and biological properties of soil (Cao
et al., 2011). Saline soils vary widely in their physical and chemical properties as well as
hydrology (lkehashi and Ponnamperuma, 1978). The pH of the present study
corroborates with some other studies (Uddin et al., 2014).

In Bagerhat, the OM concentration of soil samples ranged from 1.75 to 3.61%
with a mean of 2.47%. The highest OM was found in S;; and lowest was recorded in S,
soil sample. In Pirojpur, the OM range of soil sample was from 1.57 to 2.90 % with a
mean of 2.12%. The highest OM found in S;sample and the lowest was recorded in Si;
soil sample.

Although the results represent OM content at considerable status in some of the
study areas but it was not the case for every sample location. Hossain (2001) reported that
the low OM content of soils in Bangladesh is one of the most serious threats to the
sustainability of agriculture and application of OM improves crop growth and yield. The
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low OM content in Bangladesh soils may be due to the rapid decomposition of OM
because of tropical monsoon climate, rapid removal of mineralized products through
leaching and crop removal, high cropping intensity and low return of crop residues to the
soil (Karim and Igbal, 2001).

The total N in the studied soils ranged from 0.11 to 0.18% in Bagerhat district
and the maximum content of total N was found in S;, S, S5 and Sgwhereas the minimum
was found in S; which is statistically similar to S,. The highest total N (0.97 %) was
found in Sg whereas the lowest (0.08) was found in S;in Pirojpur. Soil N content was low
in the study area (M = 0.08, Table 2) (Chowdhury et al., 2011). Nitrogen status in the
studied soils was less fertile and farmers need to use different organic and inorganic
fertilizers in paddy fields. The result of the present study showed similarities with several
researches, as of Islam et al., (2014) and Maliwal, and Somani, (2010) found most soils
had very low amounts of total N. Like other tropical and subtropical soils, Bangladesh
soils have long been categorized as poor in soil N fertility because of low N supplying
capacity (Islam, 1983). Patcharapreecha et al., (1989) reported that total N contents in
saline soils (0.005-0.043%) were very low in all the soils they studied. Several studies
have shown that salinity reduces N uptake (Al-Rawahy et.al., 1992) by crops and do not
support plant growth due to a higher osmotic pressure in the plant soil system (Bhumbla,
1977) despite adequate nutrient levels being available in the soil. Nitrogen availability in
wet soils prevailing in the saline areas is sensitive to various environmental factors,
including air temperature, water tables, flooding periods and soil properties (Ehrenfeld
and Yu, 2012).

Available P content of soils varied from 39.18 mg/kg (S; sample) to 7.40 mg/kg
(S4 sample). In Bagerhat, the concentration of available P was highest in S; (39.18
mg/kg) and that of the lowest in S; (7.40 mg/kg). However, the mean of total
concentration of P of the samples was 19.01 mg/kg. In case of Pirojpur, the concentration
of available P was highest in Sg sample (23.4 mg/kg) and that of the lowest in Sq sample
(2.92 mg/kg) whereas, the mean of total concentration of P was 13.85 mg/kg. available P
in soils are classified in four groups such as low (< 12), medium (12.1-24.00), high (24.0-
30.00) and very high (> 30.0) (Chowdhury et al., 2011). The critical limit for P in
Bangladesh soils is considered to be 10.0 mg/kg for neutral and calcareous soils and 7.0
mg /kg for acid soils (FRG, 2018). Thus, the concentration of % of total P were very low
(Tables 3 and 6) in study area according to BARC (2018) and Chowdhury et al., (2011)
who reported that 41% of the soils of Bangladesh contained P below the critical level and
35% of the soils contained P in between the critical level the optimum level. The P
content in soils depends largely on the application of fertilizers for agricultural practices
and it present in soil as solid phase with varying degree of solubility. When water soluble
P is added to the soil, it is converted very quickly to insoluble solid phase by reacting
with soil constituents. These may include calcium (Olsen, 1953), Fe and Al oxides (Dean
and Rubin, 1947) and partly OM. The added P is more likely to be absorbed on hydrated
Fe and Al oxides or on the edge of the clay minerals in neutral to acidic range of soils
(Russell, 1988). These reactions affect the availability of P and as a result of these
reactions, a very small amount of total P is present in soil solution at any time reflected
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by soil testing. However, a low to medium range of available P in soils of the under-study
area may be mostly affected by previous fertilization, pH, OM content, texture, various
soil management and agronomic practices (Verma et. al., 2005).

In Bagerhat, S content ranged from 15.5 to 66.82 mg/kg with an average content of
38.71 mg/kg, whereas the highest S (66.82 mg/kg) was recorded in S, sample (Table-2) and
the lowest (15.53 mg/kg) in S; sample. In Pirojpur, the total S content ranged from 3.5 to
35.5 % with an average content of 16.83 mg/kg, whereas the highest amount (35.5 %) was
found in Sy sample and lowest amount (3.50 mg/kg) in Sg sample. Except coastal saline
areas, most soils in Bangladesh react to K and S. The critical limits of S are 0.12 meg/100 g
soil and 10 mg/kg soil. Considering these critical limits, coastal soils usually have higher
concentrations of S than its corresponding critical limits (Hug and Shoaib, 2013).

Table 2. Soil nutrient content (%) in different soil samples from Bagerhat district

Sample no. pH m(;trt%?n(&) Total N (%) Available P(mg/kg) >
Si 6.70b 1.75f 0.11b 39.18a 15.53f
S, 6.90b 1.95e 0.13b 11.60e 66.82a
Ss 6.80b 2.15d 0.18a 22.68b 45.92¢c
S, 6.93b 2.89b 0.18a 7.40f 37.23d
Ss 6.87b 3.61a 0.18a 12.47d 16.83e
Se 7.40a 2.52¢ 0.18a 20.73c 49.92b
Mean 6.94 2.47 0.16 19.01 38.71
CV (%) 2.01 3.05 10.59 0.14 0.95

Note: S; =Karapara, Bagerhat Sador (agriculture field) S,=Gotapara, Bagerhat (Agriculture field), S;=
Bemorta, Bagerhat Sadar (River bank Agriculture field). S,= Badhal, Kachua (Agriculture field), Ss= Sador,
Kachua (Agriculture field) and Sg= Raripara, Kachua (River bank Agriculture field)

Table 3. Soil nutrient content (%) in different soils samples from Pirojpur district

Sample no. Organic Available P S
pH Moty o 7ol N (%) D
S; 6.60e 2.90a 0.19b 8.60e 25.15h
Ss 6.80d 1.96d 0.97a 23.40a 19.60c
So 6.70de 2.37b 0.12c 2.92f 3.50f
S0 7.97a 2.05¢ 0.12¢c 20.02b 35.53a
Su 7.80b 1.57f 0.08d 11.37d 6.57e
S, 7.12¢ 1.84e 0.09cd 16.80c 10.50d
Mean 7.16 2.12 0.21 13.85 16.81
CV (%) 1.19 0.45 0.033 0.75 1.92

Note: S,= Shankorpasa, Pirojpur (Agriculture field), Sg= Pourosova, Pirojpur Sadar (Agriculture field), Sg=
Sariktoladumuritola, Pirojpur (River bank agriculture field), S;o=Siramkathi, Nazirpur (Agriculture field),
S1;= Sheikhmatia, Nazirpur& S;,= Mativanga, Nazirpur (River bank agriculture field)
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The EC, CEC, exchangeable Na, K, Ca, Mg and ESP value of different soil
sample varied significantly (Table 4). Results of the present study Result showed that in
Bagerhat, the highest EC value recorded in Szand Ss samples (7.10 ds/m) and the lowest
was recorded S, samples (2.84 ds/m) which is statistically similar with S; samples with a
mean EC value of 4.68 ds/m. In Pirojpur, the highest EC value was recorded in S;,
sample (4.90 ds/m) and the lowest was recorded in Sg sample (1.61 ds/m) with a mean
value of EC 3.19 ds/m. The higher EC values means transpiration of salts in this area
with negligible surface runoff. Instead evaporation of surface and groundwater at shallow
depth leave behind the salts which appear as encrustation on soils. On the other hand,
lower values of EC were recorded for upstream and topographically higher areas can be
attributed to the rolling topography, relatively higher gradient, seasonal irrigation and
alternating cropping patterns. About 33% of studied soil samples were saline according to
the acceptable range as indicated by Allotey et.al., (2009) and Indonesian Agency for
Agricultural Research and Development, Indonesia and NSW Department of Primary
Industries, Australia (2008). Almost similar findings were reported by Uddin and Islam
(1998) in different coastal agricultural saline soils. Soil EC is a measure of the amount of
salts in soil (salinity of soil). It is an important indicator of soil health and it affects crop
yields, crop suitability, plant nutrient availability, and activity of soil microorganisms
which influence key soil processes including the emission of greenhouse gases such as N
oxides, methane, and carbon dioxide (Smith and Doran, 1996).

The mean value of CEC was 20.7 meq100g~and the highest CEC was recorded in
S, sample (36.4 meq100g™) and the lowest was recorded in S, sample (9.77 megq100g™) in
Bagerhat. In case of Pirojpur, the mean value of CEC was 37.99 meq100g™ and the
highest was recorded in S;; sample (48.7 meq100g™) and the lowest was recorded in S;
sample (10.34 meq100g™). CEC is a fundamental soil property used to predict plant
nutrient availability and retention in the soil. It is the potential of available nutrient
supply, not a direct measurement of available nutrients (Barker, et al., 2017).

In Bagerhat, the total amount of exchangeable Na was found highest in S;;
sample (2.8 meq100g™) and that of the lowest in S; sample (0.62 meq100g™) with an
average of 1.42 meq100g™. The total amount of exchangeable sodium was found highest
in Sy sample (2.11 meq100g™) and that of the lowest was recorded in S; sample (0.75
meq100g™) in Pirojpur. Incase of Bagerhat, the highest amount of exchangeable K was
observed in S; sample (22.68 meq100g™) and the lowest in S, sample (4.20 meq100g™)
with an average of 12.7 meq100g™. In Pirojpur, the highest amount of exchangeable K
was observed in Sy, sample (41.04 meq100g™) and the lowest was recorded in S; sample
(3.64 meq100g™) with an average of 12.7 meq100g™. Adequate level of exchangeable K
in the study area may be attributed to the prevalence of K-rich clay minerals like Illite
and Kaolinite. Besides farmers use of different types of organic and inorganic fertilizers
that include K containing fertilizers (BARC, 2018; Islam et.al.,1985), the decomposition
of the minerals containing K are mentionable worthy reasons of increasing K in saline
soils (Sharpley,1989). However, K can be found rich in saline soils (Maliwal and
Somani, 2010).

Calcium (Ca) is the predominant positively charged ion (Ca™) held on soil clay
and OM particles. Soils normally have large amounts of exchangeable Ca (300-5000
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ppm). Exchangeable Ca of soils collected from Bagerhat area ranged from 0.84 to 8.37
meq100g™ soil with an average content of 4.45 meq100g™ soil. In Pirojpur, exchangeable
Ca ranged from 0.80 to 17.82 meq100g™ soil with an average content of 8.33 meq100g™
soil. Other reports also show low soil Ca content in the different soil samples in the saline
areas (BARC 2018; Chowdhury et al., 2011). This lower Ca content may be attributed to
changes in osmotic and ion-specific effects that can produce imbalances in plant
nutrients, including deficiencies of several nutrients or excessive levels of Na* (Kaya
et.al., 2001).

Table 4. Chemical properties of different soil samples from Bagerhat district

Sample no. Exchangeable cations (meq™100 g soil)

EC CEC Na K Ca Mg ESP

S; 2.96e 9.77c 0.62e 4.20f 1.11d 0.24c 6.41d

S, 3.20c 11.47c 1.33c 7.38d 0.93e 0.23c 11.72a

S3 7.10a 36.35a 2.80a 22.68a 7.97b 0.50b 7.71c

S, 2.84e 9.80c 0.80de 6.83e 0.84f 0.13c 8.22b

Ss 7.10a 27.58b 1.20cd 15.81c  8.37a 0.60a 4.36e

Se 4.90b 29.14b 1.80b 19.39b  7.48c 0.47b 6.18d
Mean 4.68 20.68 1.42 12.71 4.45 0.36 7.43
CV (%) 0.82 6.73 6.63 0.55 1.49 7.23 7.16

Note: S; =Karapara, Bagerhat Sador (agriculture field) S,=Gotapara, Bagerhat (Agriculture field), S;=
Bemorta, Bagerhat Sadar (River bank agriculture field). S,= Badhal, Kachua (Agriculture field), Ss= Sador,
Kachua (Agriculture field) and Sg= Raripara, Kachua (River bank agriculture field). EC=Electrical
conductivity. CEC=Cation Exchange Capacity, ESP= Exchangeable sodium percentage.

In case of Bagerhat, the highest amount of exchangeable Mg was found in Ss
sample (0.60 meq100g™ soil) and the lowest in S,sample (0.13 meq100g™ soil) (Table 4).

In case of Pirojpur the highest amount of exchangeable Mg was found in Sg
sample (0.38 meq™100 g soil) and the lowest in S;; sample (0.17 meq™100 g soil). Mg
content was very low in soil samples of Pirojpur district (Table 5). Similarly Mg content
was low in soil sample of Bagerhat district (Table 5). Similar results were also recorded
in the study of Chowdhury et. al., (2011). Differences in osmotic and ion-specific effects
as found in saline soils resulted in the imbalances in plant nutrients that caused nutrient
deficiencies in soil (Kaya et al., 2001). Mg is located both in clay minerals and associated
with cation exchange sites on clay surfaces. The primary and secondary minerals are
important sources of Mg for plant nutrition, especially in unfertilized soil. But plant-
available Mg concentrations cannot be accurately predicted based only on the parent
material composition due to differences in mineral weathering rates and leaching
(Chowdhury et. al., 2011).

The highest ESP value was observed in S, sample (11.72) and the lowest in Ss
sample (4.36) in Bagerhat. The highest ESP value was observed in S; sample (7.34)



Soil properties in the Coastal area 153

which was statistically similar with S, sample and the lowest in Sz sample (3.12) in
Pirojpur. When the values of ESP in soils are greater than 15, the soils are said sodic soils
and considered as problem soils (Osman, 2013). All collected soil samples were in the
category of non-sodic as ESP was found to be less than the critical sodicity values.
Highly significant positive relationship of CEC with clay content and CEC has already
been observed by several authors (Wang et al., 2005). The positive relationship between
clay content and exchangeable Ca and Mg may be the resultant effects of negatively
charged sites of clays which adsorb positively charged ions (Mckenzie et. al., 2004).

Table 5. Chemical properties of different soil samples from Pirojpur district

Sample no. Exchangeable cations (meq™100 g soil)
EC CEC Na K Ca Mg ESP
S; 2.18d 10.34e 0.75e 3.64e 0.80f 0.35b 7.34a
Sg 1.61f 47.77ab 1.62¢c 33.03d 10.34c 0.38a 3.39bc
Sq 2.12e 46.40bc 1.45d 23.18d 17.82a  0.35b 3.12c
S10 4.29b 29.47d 2.11a 23.98d  3.06e 0.32c 7.16a
Si 4.06¢c 48.70a 1.83b 41.04a  5.66d 0.17e 3.77bc
Si, 4.90a 45.29¢ 1.92b 30.84c 12.31b  0.22d 4.25h
Mean 3.19 37.99 1.61 25.95 8.33 0.29 4.83
CV (%) 0.66 2.58 3.017 2.72 2.82 4.99 10.33

Note: S;= Shankorpasa, Pirojpur (Agriculture field), Sg= Pourosova, PirojpurSadar (Agriculture field), Sg=
Sariktoladumuritola, Pirojpur (River bank agricure field), Syp=Siramkathi, Nagirpur (Agriculture field), S;=
Sheikhmatia, Nazirpur& S;,= Mativanga, Nazirpur (River bank agriculture field. EC=Electrical conductivity.
CEC=Cation Exchange Capacity, ESP= Exchangeable sodium percentage.

Correlation

The correlations among the studied parameters were done to observe the
relationship. In Bagerhat, in case of EC the positive significant relation was found with
total N, total K, CEC, exchangeable Na, exchangeable K, exchangeable Ca and
exchangeable Mg whereas the negative non-significant relation was found with total P
and ESP (Tabel-6). In CEC the positive significant relation was found with total N, total
K and EC exchangeable Na, exchangeable K, exchangeable Ca and exchangeable Mg
whereas the negative non-significant relation was found with total P and ESP (Tabel-6).

In Pirojpur, in case of EC, the positive significant relation was found with total
pH and CEC whereas the significant negative relation was found with OM, N, K, S and
Ca. In CEC, the negative significant relation was found with total OM, total S and
exchangeable Na whereas the significant positive relation was found with exchangeable
Ca (Tabel-8). These results were in conformity with the results reported by several
researchers (Pan et.al.,2013; Eltaib, 2003).
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Table 6. Correlation in different field and riverbank field soil of Bagerhat district

pH ((?%M) N P K S EC CEC Na K Ca Mg ESP

pH 1
OM (%) .206 1

N 293 613"

P  -237 -608" -510° 1

K A74 449 459 032 1

S 375 -367 072 -412  -189 1

EC .030 .464 543" -078 933" -.159 1

CEC 219 274 625~ .002 .890™ .057 .916" 1

Na  .174 449 459 032 1.000™ -189 .933" .890™

K 360 269 657 -083 832" 178 .867 982" .832" 1

Ca .301 .468 .616™ -.031 .960™ -112 .939™ 956 .960™ .932" 1

Mg .170 -112 436 -024 563" 442 6717 824" 563".852" 660" 1
ESP  .007 -442 -336 -242 -503" 646" -419 -369 -503" -290 -497° 181 1
Note: OM=Organic Matter, EC=Electrical conductivity. CEC=Cation Exchange Capacity, ESP=
Exchangeable sodium percentage.
Table 7. Correlation of different soils sample of Pirojpur District, Bangladesh

pH 82’)' N P K S EC CEC Na K Ca Mg ESP

pH 1

OM (%) -.649™ 1

N -359 -.059 1

P 345 -466 582" 1

K -573" 6697 541" .055 1

S 255 308 .166 .537" .426 1

EC 7337 -572°-622" 220-773" 027 1

CEC 167 -7937 214 152 -363-.671" 151 1

Na -567" 667 539" .040 .997" .411-783" -.355 1

K 507°-.969" 167 .369 -576" -451 .382 .898" -.570" 1

Ca -373 -207 105 -.244 .074-7197 -160 .7267 .081 .360 1

Mg 760" -850 -086 .533" -451 .004 .689" 616" -454 7647 192 1

ESP 208 512" -286 .094 .214 8157 .161-896" .203-682"-801" -231 1
Note: OM=Organic Matter, EC=Electrical conductivity. CEC=Cation Exchange Capacity, ESP=

Exchangeable sodium percentage.

Paired t-test

In pair sample t test of studied parameters of both Bagerhat and Pirojpur soils, S,
EC, CEC, exchangeable K, exchangeable Ca and ESP were found significant while other
parameters did not vary significantly (Table-8).



Soil properties in the Coastal area

155

Table 8. Soil nutrient content (%) in different field and riverbank field soils from

Bagerhat and Pirojpur districts

Mean T value Significance
pH Bagerhat 6.93 -1.735 NS
Pirojpur 7.16
Bagerhat 2.47 1.503 NS
OM (%)
Pirojpur 211
N (%) Bagerhat .16 -1.242 NS
Pirojpur .26
Bagerhat 19.00 1.354 NS
i Pirojpur 13.85
K Bagerhat .36 1.143 NS
Pirojpur .29
Bagerhat 38.70 4.103 fala
s Pirojpur 16.80
EC Bagerhat 4.68 2.955 x*
Pirojpur 3.19
CEC Bagerhat 20.68 -6.501 foied
Pirojpur 37.99
Na Bagerhat .36 1.121 NS
Pirojpur .29
K Bagerhat 12.71 -5.161 **
Pirojpur 25.95
Ca Bagerhat 4.45 -3.423 il
Pirojpur 8.33
Mg Bagerhat 1.42 -.939 NS
Pirojpur 1.61
ESP Bagerhat 7.43 3.082 **x
Pirojpur 4.83




156 Begum et al.

Conclusion

Coastal field soils and Riverbank agriculture field soils of Bagerhat district in
Bangladesh can be characterized as nearly neutral to basic in soil reaction (pH ranged
6.70 to 7.40%) and soil salinity fell in low to medium (EC ranged 2.84 from 7.10). Soils
of Shankorpasa, Pirojpur (Agriculture field), Pourosova, Pirojpur Sadar (Agriculture
field) and Sariktoladumuritola, Pirojpur (River bank agriculture field), can be
characterized as slightly acidic to basic (pH ranged 6.60 to 7.8), EC low to normal range
(EC ranged from 1.16 to 4.90) in soil reaction. The OM level of both districts exhibited
lower to medium than good agricultural soil (OM ranged 1.75 to 3.61% and 1.57 to 2.90
%).The soils of Bagerhat district showed low concentrations of total N, available P,
exchangeable Ca, low exchangeable Mg and high level of exchangeable K. In Piropur
district total N, K, S concentrations were low and exchangeable K and Ca was medium to
high. In Bagerhat, CEC had positive significant relation with total N, total K, EC,
exchangeable Na, K, Ca and Mg. In Pirojpur, CEC had the significant positive relation
with pH, OM, total N, K, exchangeable Na and exchangeable Ca. Further investigation
can be performed to justify these significant correlations between chemical characteristics
of soil.

Acknowledgement

We gratefully acknowledge the financial support of Bangabandhu Fellowship
Trust under Ministry of Science and technology which enabled the author to conduct PhD
thesis research at Agroforestry and Environmental Science Department of Sher-e-Bangla
Agricultural University, Dhaka.

Conflicts of Interest

The authors declare no conflicts of interest regarding publication of this
manuscript.

References

Abedin, M. Z. 2010. Global warming, climate change and impact on agriculture in Bangladesh. 4™
National Convention of Krishibid Institute, Bangladesh.

Ahmed, A. 2011. Some of the major environmental problems relating to land use changes in the
coastal areas of Bangladesh. A review. J. of Geography and Regional Planning. 4:1-8.

Alam M. Z., Boggs, L. C., Mitra, S., Haque, M., Halsey, J., Rokonuzzaman, M., B. Saha and M.
Moniruzzaman. 2017. Effect of salinity intrusion on food crops, livestock, and fish
species at Kalapara Coastal Belt in Bangladesh. J. Food Qual. 2045157.

Allison, L. E. 1965. Organic carbon. In C. A. Black et al. (Eds.), Method of soil analysis part 1.
Am. Soc. Agronomy. 9:1367-1378.

Allotey, D. F. K., Asiamah, R. D., Dedzoe, C. D. and A. L. Nyamekye. 2009. Physico-chemical
properties of three salt-affected soils in the lower Volta Basin and management strategies
for their sustainable utilization. West African J. of Applied Ecology. 12(1):1-14.
http://dx.doi.org/10.4314/wajae.v12i1.45776.


http://dx.doi.org/10.4314/wajae.v12i1.45776

Soil properties in the Coastal area 157

Al-Rawahy, S. A., Stroehlein, J. L. and M. Pessarakli. 1992. Dry matter yield and nitrogen-15,
Na+ CI- and K+ content of tomatoes under sodium chloride stress. J. Plant Nut.
15(3):341-358. http://dx.doi.org/10.1080/01904169209364323.

Bangladesh Agricultural Research Council (BARC). 2018. Fertilizer recommendation guide.
Bangladesh Agricultural Research Council, farmgate, Dhaka-1215.

Bangladesh Bureau of Statistics (BBS). 2013. Statistical year book of Bangladesh. Planning
division, Ministry of planning, Government of the people’s republic of Bangladesh,
Dhaka.

Barker, D. 2017. Ohio Agronomy Guide, 15" Edition. Ohio State University Extension
Bulletin 472. agcrops.osu.edu/publications/ohio Agronomy Guide, 15" Edition
Bulletin 472.

Bleam, W. 2017. Soil and Environmental Chemistry, 2" Edition. Chapter 6 - Acid-Base
Chemistry. pp. 253-331.

Bhumbla, D. R. 1977. Alkali and saline soils of India). Proc. Indo-Hungarian sem. Management of
salt-affected soils, Karnal, India. pp. 14-19.

Cao, C,, Jiang, S., Ying, Z., Zhang, F. and X. Han. 2011. Spatial variability of soil nutrients and
microbiological properties after the establishment of leguminous shrub Caragana
microphylla Lam. Plantation on sand dune in the Horgin sandy land of northeast China.
Eco. Engineering. 37(10):1467-1475. http://dx.doi.org/10.1016/j.ecoleng.2011.03.012.

Corwin, D. L. and K. Yemoto. 2017. Salinity: electrical conductivity and total dissolved solids,
Methods of Soil Analysis, SSSA Book Ser. 5. SSSA, Madison, WI.

Chen, Y. T., Borken, W., Stange, C. F. and E. Matzner. 2012. Dynamics of nitrogen and carbon
mineralization in a fen soil following water table fluctuations. Wetlands. 32(3):57-587.
http://dx.doi.org/10.1007/s13157-012-0295-7.

Chowdhury, M. A., Khairun, Y., Salequzzaman, M. and M. M. Rahman. 2011. Effect of combined
shrimp and rice farming on water and soil quality in Bangladesh. Aquacult. Int. 19(6):
1193-1206. http://dx.doi.org/10. 1007/s10499.011.9433.0.

Chintala, R., Mollinedo, J., Schumacher, T. E., Malo, D. D. and J. L. Julson. 2014. Effect of
biochars on chemical properties of acidic soil. Archives of Agro. and Soil Sci. 60(3):393-
404. http://dx.doi.org/10.1080/03650340.2013.789870.

Dean, L. A. and E. J. Rubin. 1947. Anion Exchange in Soils. Exchangeable phosphorous and
anion exchange capacity. Soil Sci. 63(5):377-388. http://dx.doi.org/10.1097/00010694-
194705000-00005.

Ehrenfeld, J. G. and S. Yu. 2012. Patterns of nitrogen mineralization in wetlands of the New
Jersey pinelands along a shallow water table gradient. Am Midl Nat. 167(2):322-335.
http://dx.doi.org/10.1674/0003-0031-167.2.322.

Eltaib, S. M. 2003. Spatial Variability of Nutrients, Electrical Conductivity and Yield and Site
Specific Fertilizers Management in a Paddy Field (The Ph.D. Thesis). Faculty of
Engineering, University Putra Malaysia

Flowers, T. J. and A. R. Yeo. 1995. Breeding for Salinity Resistance in Crop Plants. Australian J.
Plant Phy. 22:875-884.

Gupta, A., Singh, B. U., Sahu, P. K., Paul, S., Kumar, A., Malviya, D., Singh, S., Kuppusamy, P.,
Singh, P., Paul, D., Rai, P.J., Singh, V. H., Manna, C. M., Crusberg, T. C. A. Kumar and
A. K. Saxena. 2022. Microbes-mediated integrated nutrient management for improved


http://dx.doi.org/10.1080/01904169209364323
http://agcrops.osu.edu/publications/ohio-agronomy-guide-15th-edition-bulletin-472
http://agcrops.osu.edu/publications/ohio-agronomy-guide-15th-edition-bulletin-472
https://www.sciencedirect.com/book/9780128041789/soil-and-environmental-chemistry
http://dx.doi.org/10.1016/j.ecoleng.2011.03.012
http://dx.doi.org/10.1007/s13157-012-0295-7
http://dx.doi.org/10.%201007/s10499.011.9433.0
http://dx.doi.org/10.1080/03650340.2013.789870
http://dx.doi.org/10.1097/00010694-194705000-00005
http://dx.doi.org/10.1097/00010694-194705000-00005
http://dx.doi.org/10.1674/0003-0031-167.2.322
https://pubmed.ncbi.nlm.nih.gov/?term=Gupta%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Singh%20UB%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Sahu%20PK%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Paul%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Paul%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Singh%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kuppusamy%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Singh%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Paul%20D%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Rai%20JP%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Singh%20HV%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Manna%20MC%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Crusberg%20TC%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Saxena%20AK%5BAuthor%5D

158 Begum et al.

rhizo-modulation, pigeonpea productivity, and soil bio-fertility in a semi-arid agro-
ecology. Int. J Environ. Res. Public Health.19(5):3141.

Hanson, W. C. 1950. The photometric determination of phosphorus in fertilizers using the
phosphovanado-molybdate complex. J. Sci. Food Agric. 1(6):172-173. http://dx.doi.org/
10.1002/jsfa.2740 010604.

Hossain, M. A. 2009. Global warming induced sea level rise on soil, land and crop production loss
in Bangladesh. SRDI, Ministry of Agriculture, Dhaka, Bangladesh. Retrieved from
http://msucares.com/crops/soils/phosphorus.html

Hossain, M. Z. 2001. Farmer's view on soil organic matter depletion and its management in
Bangladesh,Nutrient Cycling in Agroecosystems. 61:197-204.

Hoque, M. A., Saika, U., Sarder, B. C. and K. K. Biswas. 2013. Environmental and socio-
economic impacts of salinity intrusion in the coastal area: A case study on Munshigong
Union, Shymnagor, Satkhira. Jahangirnagar University Environmental Bulletin, 2:41-49.
http://dx.doi.org/10.3329/jueb.v2i0.16329

Hug, S. M. I. and J. U. M. Shoaib. 2013. The Soils of Bangladesh. World soils book series.
Springer, Dordrecht.

Ikehashi, H., and F. N. Ponnamperuma. 1978. Varietal t olerance to rice for adverse soils. Soils
and Rice. pp. 801-822. IRRI, Manila, Philippines.

Indonesian Agency for Agricultural Research and Development, Indonesia and NSW Department
of Primary Industries, Australia. 2008. A practical guide to restoring agriculture after a
tsunami. Soil salinity (Chapter 5). Retrieved from http://www.dpi.nsw.gov.au/
__data/assets/pdf_file/0010/254863/A-practical-guide-to-resto  ring-agriculture-after-a-
tsunami.pdf

Islam, M. S. 1983. Soil management in agricultural research in Bangladesh (pp. 105-109).
Bangladesh Agricultural Research Council, Dhaka, Bangladesh.

Islam, M. S., Altamash, S., Sarker, N. I. and K. M. Hossain. 1985. Potassium responses in green
house and field studies in Bangladesh. Proceedings of the International Symposium on
Potassium in Agricultural Soils. pp. 70-89. Soil Science Society of Bangladesh and
Bangladesh Agricultural Research Council.

Islam, K. K., Anusontpornperm, S., Kheoruenromne, I. and S. Thanachit. 2014. Relationship
between Carbon sequestration and physico-chemical properties of soils in salt-affected
areas, Northeast Thailand. Kasetsart J.Nat. Sci. 48:560-576.

Jackson, M. L. 1962. Soil chemical analysis. pp. 498. New York: Prentice-Hall Inc.

Jackson, M. L. 1973. Soil chemical analysis. pp. 498. Prentice Hall of India Pvt. Ltd., New Delhi.

Karim, M. F. and N. Mimura. 2008. Impacts of Climate Change and Sea-Level Rise on Cyclonic
Storm Surge Floods in Bangladesh. Global Environmental Change.18:490-500.
http://dx.doi.org/10.1016/j.gloenvcha.2008.05.002

Karim, Z. and A. Igbal. 2001. Impact of land degradation in Bangladesh: changing scenario in
agricultural land use, AGRIS, Bangladesh Agricultural Research Council.

Kaya, C., Higgs, D., and H. Kirnak. 2001. The effects of high salinity (NaCl) and supplementary
phosphorus & potassium on physiology & nutrition development of spinach. Bulgarian
Plant Phys. 27:47-59.

Liang, Y., Si, J., Nikolic, M., Peng, Y. and W. Chen. 2005. Organic manure stimulates biological
activity and barley growth in soil subject to secondary salinization. Soil Biol Biochem,
37(6):1185-1195.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8910389/
http://dx.doi.org/10.1002/jsfa.2740%20010604
http://dx.doi.org/10.1002/jsfa.2740%20010604
http://msucares.com/crops/soils/phosphorus.html
https://link.springer.com/journal/10705
http://dx.doi.org/10.3329/jueb.v2i0.16329
http://dx.doi.org/10.1016/j.gloenvcha.2008.05.002

Soil properties in the Coastal area 159

Maliwal, G. L. and L. L. Somani. 2010. Nature properties and management of saline and alkali
soils. Agrotech publishing academy, India. ISBN 976-81-8321-177-2

Mahmuduzzaman, M., Ahmed, Z. U., Nuruzzaman A. K. M. and F. R. S. Ahmed. 2014. Causes of
salinity intrusion in coastal belt of Bangladesh .Int. J. Plant Res. 4(4A):8-13.

McKenzie, R. H., Middleton, A. B., Hall, L., De Mulder, J. and E. Bremer. 2004. Fertilizer
response of barley grain in south and central Alberta .Canadian J. of Soil Sci.
https://doi.org/10.4141/S04-013

Murtaza, G., Ghafoor, A. and M. Qadir. 2006. Irrigation and soil management strategies for using
saline-sodic water in a cotton-wheat rotation. Agri. Water Management, 81(1-2):98-114.
http://dx.doi.org/10.1016/j.agwat.2005.03.003

Olsen, S. R. 1953. Inorganic phosphorous in alkaline and calcareous soils. In W. H. Pierre & A. G.
Norman (Eds.). Soil and Fertilizer Phosphorous (Agronomy). 4:81-122. Ame. Soc.
Agron. Madison Wis.

Olsen, S. R. and L. E. Sommers. 1982. Phosphorus. In A. L. Page & R. H. Miller (Eds.), Methods
of soil analysis, Part 2, 2" edi., Agronomy Monograph. 9:403-430. ASA and SSSA,
Madison, WI.

Osman, K. T. 2013. Plant Nutrients and Soil Fertility Management. Soils. pp. 129-159

Pan, C., Zhao, H., Zhao, X., Han, H. and Y. Wang. 2013. Biophysical properties as determinants
for soil organic carbon and total nitrogen in grassland salinization. PLoS ONE.
8(1):e54827. http://dx.doi.org/10.1371/journal.pone.0054827

Patcharapreecha, P., Topark-Ngarm, B., Goto, I. and M. Kimura. 1989. Studies on saline soils in
KhonKaen region, northeast Thailand I. Physical and chemical properties of saline soils.
Soil Science and Plant Nutrition, 35(2):171-179. http://dx.doi.org/10.1080/
00380768.1989.10434751

Page, A. L., Miller, R. H. and D. R. Keeney. 1982. Methods of soil analysis, Part 2, Chemical and
microbiological properties, 2™ edi., pp. 1159. Madison, Wisconsin: Ame. Society of
Agronomy and Soil Science.

Petersen, L. 2002. Analytical methods, soil, water, plant material, fertilizer. Soil resource
management and analytical services. Soil Resource Development Institute, DANIDA,
KAMPSAX, Dhaka.

Rahman, M. A., Hassan, K. M., Alam, M., Akid, A. S. M. and A. S. M. Riyad. 2014. Effects of
salinity on land fertility in coastal areas of Bangladesh. International J. of Renewable
Energy and Environmental Engineering, 2(3):174-179.

Reganold and Harsh. 1985. Expressing cation exchange capacity in milliequivalents per 100
grams and in Sl units. J. of Agro.Edu. 14(2):84-90.

Rhoades, J. D. 1982. Soluble salts. In A. L. Page, R. H. Miller, & D. R. Keeny (Eds.), Methods of
soil analysis, Part 2, Chemical and microbiological properties. pp. 167-17. American
Society of Agronomy and Soil Science Society of America, Inc., Madison.

Russel, E. W. 1988. Recent advances in chickpea agronomy. Proceeding of the International
Workshop on Chickpea Improvement 28 Feb-2 March, 1979, ICRISAT Centre, India.
Patancheru, A. P. 502 324, India. pp. 89-96.

Sardinha, M. Muller., T. Schmeisky, H. and R. G. Joergensen. 2003. Microbial performance in
soils along a salinity gradient under acidic conditions. Applied Soil Ecology. 23(3):237-
244, 1SSN:0929-1393


https://cdnsciencepub.com/doi/abs/10.4141/S04-013#con1
https://cdnsciencepub.com/doi/abs/10.4141/S04-013#con2
https://cdnsciencepub.com/doi/abs/10.4141/S04-013#con3
https://cdnsciencepub.com/doi/abs/10.4141/S04-013#con4
https://cdnsciencepub.com/doi/abs/10.4141/S04-013#con5
https://doi.org/10.4141/S04-013
http://dx.doi.org/10.1016/j.agwat.2005.03.003
https://link.springer.com/book/10.1007/978-94-007-5663-2
http://dx.doi.org/10.1080/00380768.1989.10434751
http://dx.doi.org/10.1080/00380768.1989.10434751

160 Begum et al.

Sharpley, A. N. 1989. Relationship between soil potassium forms and mineralogy. Soil Science
Society of America J. 53(4):1023. http://dx.doi.org/10.2136/ss5aj1989.03615 9950053000
40006x

Smith, J. L. and J. W. Doran. 1996. Measurement and use of pH and electrical conductivity for
soil quality analysis. In J. W. Doran & A. J. Jones (Eds.). Methods for assessing soil
quality pp. 169-185. Soil Science Society of America Spec. Publ. 49. SSSA, Madison,
WI. http://dx.doi.org/10.2136/sssaspecpub49.c10

Soil Resource Development Institute. 2010. Soil salinity in Bangladesh. Ministry of Agriculture,
Dhaka, Bangladesh.

Soil Resource Development Institute. 2018. Soil salinity in Bangladesh. Ministry of Agriculture,
Dhaka, Bangladesh.

Soil Resource Development Institute. 2020. Soil fertility trends in Bangladesh 2010 to 2020.
Ministry of Agriculture, Dhaka, Bangladesh.

Soil Resource Development Institute. 2020. Land degradation. Ministry of Agriculture, Dhaka,
Bangladesh.

Tanji, K. K. 2002. Salinity in the Soil Environment. Salinity: Environment — plants — molecules.
pp. 21-51. Kluwer Academic, Dordrecht, the Netherlands. http://dx.doi.org/10.1007/0-
306-48155-3_2

Uddin, M. M. M. and M. S. Islam. 1998. Current status, problems and management of the coastal
soils of Bangladesh. Proceedings of the national Seminar on Coastal Environment and
Energy Resources in Bangladesh. Khulna. Bangladesh.

Uddin, M. S., M. M. Rahman, M. M. Hossain and M. A. K. Mian. 2014. Genetic diversity in
eggplant genotypes for heat tolerance. SAARC J. Agri. 12(2):25-39.

Verma, V. K., Patel, L. B., Toor, G. S. and P. K. Sharma. 2005. Spatial distribution of
macronutrients in soils of arid tract of Punjab. India. In. J. Agric. & Biology. 7(2):370-
372.

Walkley, A. and Black, I. A. 1934. An examination of Degtjareff method for determining soil
organic matter, and a proposed modification of the chromic acid titration method. Soil
Science. 37(1):29-38. http://dx.doi.org/10.1097/ 00010694-193401000-00003

Wang, Q. Z., Wu, C. H., Xie, B., Liu, Y. and J. Cui. 2012. Model analyzing the antioxidant
responses of leaves and roots of switch grass to NaCl-salinity stress. Plant Physiol
Biochem, 58:288-296. http://dx.doi.org/10.1016/j.plaphy.2012.06.021

Wong, V. N. L., Dalal, R. C. and R. S. B. Greene. 2008. Salinity and sodicity effects onrespiration
and microbial biomass of soil. Biology and Fertility of Soils. 44(7):943-953. ISSN: 0178-
2762.


http://dx.doi.org/10.2136/sssaspecpub49.c10
http://dx.doi.org/10.1007/0-306-48155-3_2
http://dx.doi.org/10.1007/0-306-48155-3_2
http://dx.doi.org/10.1016/j.plaphy.2012.06.021

