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Abstract

Soil aggregate is one of the vital indicators of soil health that depends on organic carbon 
(OC), texture and basic cations. A total of 206 soil samples were collected from 12 agro-
ecological zones (AEZs) of Bangladesh to study the effects of organic carbon (OC), 
basic cations (Ca, Mg, K and Na) and different sized soil particles on soil aggregate 
stability. Soil samples were analyzed for bulk density, pH, OC, texture, basic cations 
and water stable soil aggregates (WSA) following standard protocols. Data revealed 
that OC positively increased WSA, while monovalent basic cations Na+ and K+ showed 
negative effects. Water stable soil aggregates and C stock of 0.25 mm sized soil fraction 
were found higher than that of larger sized soil fractions of 0.5, 1.0 and 2.0 mm. The 
roles of divalent basic cations Ca2+ and Mg2+ on WSA were found to be indistinct and 
need to be studied further.
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Introduction
Soil carbon (C) contents and aggregates are 
very important for sustaining soil health and 
crop productivity. Conservation and retention 
of terrestrial C in soil are very important in 
mitigating negative effects of global warming 
and climate change as well as in improving 
soil quality. Soil aggregation is a continuous 
process where organic matter plays a dominant 
role which depends on organic matter supply 
through addition of crop residues during 
harvest, application of different manures 
and composts, biochar, basic cations in 
soils, microbial abundance and soil and 
crop management practices. Soil aggregate 
is a basic factor influencing the functions of 

soils which has the ability to support plant 
and animal life. Aggregate stability is used 
as an indicator of soil structure (Six et al., 
2000). Aggregation in soil results from the 
rearrangement of particles, flocculation and 
cementation (Duiker et al., 2003). Aggregate 
stability is important for enhancing porosity, 
improving drainage, improving soil fertility, 
increasing agronomic productivity and 
decreasing erosion. 

Aggregation is mediated by biota, ionic 
bridging, clay, soil organic carbon (SOC) and 
carbonates. SOC acts as a binding agent and 
as a nucleus in the formation of aggregates. 
Depletion of SOC through continuous deep 
tillage and intensive cropping are major 
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causes of reduction of stable soil aggregates 
(Six et al., 2002; Rahman, 2013). If soil 
disturbance through tillage reduces, the 
rate of SOC mineralization decreases and 
consequently SOC storage increases (Paustian 
et al., 1997; Putte et al., 2010; Schimel and 
Schaeffer, 2012). SOC storage in agricultural 
soils has the greatest potential to improve 
soil aggregates as well as soil health. Since 
the clay particles and organic matter act as 
glues to create aggregates, soils having high 
organic matter and clay can accumulate more 
C through sequestration and exhibit stronger 
soil aggregation. The OC content in soils of 
Bangladesh is low because of faster microbial 
decomposition of soil organic matter (SOM) 
mediated by high temperature and moisture 
and also as a consequence of application of 
little or no organic fertilizer to soils (BARC, 
2018; Rahman, 2013). Moreover, crop 
production in Bangladesh solely depends 
on inorganic fertilizers where nitrogenous 
fertilizers especially urea alone contributes 
55% of the total inorganic fertilizers, which 
also results in faster microbial decomposition 
of SOM (Alam et al., 2019). Soil aggregate 
stability in the coastal saline zone is low 
since monovalent cations sodium (Na+) and 
potassium (K+) have dispersive effects, while 
in the calcareous region soil aggregates 
stability is high due to divalent cations 
calcium (Ca2+) and magnesium (Mg2+) which 
have flocculation effects in soils (Rengasamy 
and Marchuk, 2011). Moreover, the coastal 
saline soils are high in divalent cation Mg2+, 
which acts as a monovalent cation and 
has dispersing effect. In a study Roy et al. 
(2019) found that soil C positively related to 
the formation of soil aggregates. However, 
in general, studies on soil aggregates and 

factors affecting soil aggregate formation 
in Bangladesh are rather scanty. Therefore, 
the present study was conducted to evaluate 
the effects of organic C, basic cations and 
different sized soil particles on the stability 
of soil aggregates in different agro-ecological 
zones (AEZs) of Bangladesh. 

Materials and Methods

Study sites and soil sample collection
The study was conducted using soil 
samples collected from 12 agro-ecological 
zones (AEZs) of Bangladesh viz., Old 
Himalayan Piedmont Plain (AEZ 1), Tista 
Meander Floodplain (AEZ 3), Karatoya- 
Bangali Floodplain (AEZ 4), Ganges Tidal 
Floodplain (AEZ 13), Old Meghna Estuarine 
Floodplain (AEZ 19), Northern and Eastern 
Piedmont Plain (AEZ 22), Chittagong 
Coastal Plain (AEZ 23), Level Barind Tract 
(AEZ 25), North-eastern Barind Tract (AEZ 
27), Madhupur Tract (AEZ 28), Northern 
and Eastern Hills (AEZ 29) and Akhaura 
Terrace (AEZ 30). The numbers of collected 
soil samples of the mentioned AEZs were 
10, 10, 12, 20, 7, 14, 15, 12, 10, 73, 16 and 7, 
respectively with a total of 206 soil samples. 
Soil samples (0–15cm) were collected from 
arable land during November to December 
in both 2017 and 2018 after harvesting of 
transplanted aman rice using core samplers 
to determine soil bulk density. A bulk sample 
from each sampling point was also collected 
to analyze other soil parameters. The soil 
samples were air dried, ground and sieved 
(2mm) and analyzed in the Laboratory of Soil 
Science Department, BSMRAU, Gazipur.
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Soil sample analysis
The soil samples were analyzed for bulk 
density, texture, pH, organic C, Na, K, Ca, 
Mg and water stable soil aggregates. For 
aggregates, soil was sieved by four different 
sized sieves (2, 1, 0.5 and 0.25 mm) and 
water stable soil aggregates were determined 
by the wet sieving method. To determine 
aggregates, 10 g air dried soil sample was 
taken in 50 ml conical flask and the sample 
was kept overnight under water. The soaked 
soil samples were then transferred to sieves of 
respective sizes. Sieves with soil were taken 
to agitation rack placed under water in plastic 
box containing 15 L water and agitated 20 
times per 40 seconds. Then sieves were kept 
in oven at 105 °C for 2 hours. After complete 
drying, weight of sieves with soil was 
recorded and again agitated in NaOH solution 
(1.6 g/L). Again sieves were dried in oven 
and weight of dried sample with sieve was 
recorded as mentioned above. Empty sieve 
weight was also recorded and calculation was 
done following (Castellanos-Navarrete et al., 
2013). Soil texture was determined by the 
Bouyoucos hydrometer method as described 
by Gee and Baunder (1986). The collected 
core samples were oven dried at 105°C for 24 
hours and bulk density was calculated (Rowell, 
1994). Soil pH was measured by a glass 
electrode pH meter (Horiba model No. M-8L) 
using a soil: water ratio of 1:2.5 (Jackson, 
1973). The basic cations (Na, K, Ca, and Mg) 
were determined by the ammonium acetate 
extraction method (Thomas, 1982) using an 
atomic absorption spectrophotometer and 
reading was taken at a 285.2 nm wavelength. 
Organic C was determined by the wet 
oxidation method (Walkley and Black, 1934). 
Sodium adsorption ratio (SAR), monovalent 

cation adsorption ratio (MCAR) and cations 
ratio of soil structural stability (CROSS) were 
determined using procedures proposed by 
Rengasamy and Marchuk (2011). Soil C stock 
was calculated using the following equation 
(Rahman et al., 2016).

Soil C stock (t ha-1) = Soil C % × soil bulk 
density (g/cc) × depth of soil (cm)

Statistical data analysis 
The data collected on different parameters 
were subjected to statistical analysis (Gomez 
and Gomez, 1984). The Microsoft Excel 
and SPSS 20 software programs were used 
wherever appropriate to perform statistical 
analysis. Relationships among the parameters 
were established through correlation and 
regression analysis. Mean differences among 
the treatments were interpreted by using the 
least significant difference (LSD) test at 5% 
level of significance.

Results and Discussion

Soil physical properties in different AEZs
Bulk density (BD), texture and aggregate 
stability of soils of different AEZs are presented 
in Table 1. Soil BD insignificantly differed 
among different AEZs (p>0.05). The highest 
BD (1.45 g/cc) was recorded in soils of AEZ 
27 and 29, while the lowest density (1.36 g/cc) 
was recorded in soils of AEZ 13. The data on 
soil BD of the 12 AEZs were found moderate 
(1.36-1.45 g/cc) which revealed that the soils 
are neither clayey nor sandy. Sand particle 
(2.00-0.05 mm) in the soil samples varied 
from 13.50 to 38.43%, where the highest sand 
content (38.43%) was recorded for soils of 
AEZ 29 and the lowest (13.50%) for soils of 
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AEZ 4. Silt particles (0.05-0.002 mm) in the 
soil samples varied from 34.06-59.50%, where 
the highest (59.50%) was recorded for AEZ 4 
and the lowest (34.06%) for soils of AEZ 28. 
Clay particles (<0.002 mm) in the soil samples 
varied from 21-38.20%, where the highest 
clay content (38.20%) was recorded for AEZ 
28 and the lowest clay content (21%) was for 
AEZ 27. The Soils of AEZ 1, 3, 23, 29 and 30 
were of loamy texture, those of AEZ 4, 19 and 
27 were silt loam and those of AEZ 22 and 28 
were clay loam.  Silty clay texture was found 
in AEZ 13 and silty clay loam texture in AEZ 
25. Soil textures are good in the AEZ studied, 
because these were neither heavy nor light. So, 
it could be concluded that soils of the selective 
AEZs were good for crop production.

Total soil aggregates (TSA) varied from 26.48 
to 53.95%, where the highest and lowest TSA 
were recorded in soils of AEZ 30 and 13, 
respectively. Aggregate stability in different 
AEZs followed the order AEZ 30>22> 
25>27>29>23>19>1>28>3>4>13, where the 
values were 53.95, 50.47, 49.90, 48.99, 48.42, 
46.16, 43.85, 42.54, 41.74, 41.47, 38.44 and 
26.48%, respectively. The low TSA in the 
AEZ is due to high Na content in the Ganges 
Tidal Floodplain soil. To increase and maintain 
aggregate stability of soils, regular application 
of different organic materials (manures, 
compost, crop resides etc.) to crop fields are 
recommended which can enhance SOC as 
well as aggregate stability of soils. Organic C 
content in soils is low in Bangladesh because 
of improper land management and use of high 

Table 1. Physical characteristics of soil samples collected from different AEZs of Bangladesh

AEZ No.
Soil physical properties (Mean ± S.E.)

BD ( g/cc) Sand (%) Silt (%) Clay (%) TSA (%)

1 1.41±0.00 33.50±3.92 40.00±4.83 26.50±2.17 42.54±6.31

3 1.42±0.01 29.16±2.99 44.66±4.67 26.33±6.04 41.47±4.26

4 1.39±0.01 13.50±3.50 59.50±2.50 27.00±1.00 38.44±2.36

13 1.36±0.01 26.50±2.33 36.40±2.87 37.09±4.10 26.48±1.57

19 1.39±0.02 20.57±1.87 54.42±1.52 25.00±1.43 43.85±2.88

22 1.40±0.01 32.14±5.40 37.64±3.45 30.28±4.28 50.47±0.87

23 1.41±0.01 24.20±4.80 49.00±1.51 26.80±5.53 46.16±2.86

25 1.38±0.00 14.00±1.00 53.50±1.50 32.50±2.50 49.90±0.04

27 1.45±0.00 33.00±2.00 46.00±2.00 21.00±0.00 48.99±1.77

28 1.39±0.00 27.84±1.17 34.06±0.77 38.20±1.10 41.74±1.36

29 1.45±0.01 38.43±3.96 39.18±3.51 22.43±3.48 48.42±1.60

30 1.41±0.01 35.66±1.20 38.33±0.88 26.00±2.00 53.95±1.92

CV % 3.25 38.02 30.24 47.64 19.57
BD = bulk density, TSA = total soil aggregates
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rates of inorganic fertilizers, especially the 
N fertilizer urea, which stimulates microbial 
decomposition of organic matter the resultant 
effect being low soil aggregates. 

Soils chemical properties 
Soil pH, organic C (OC), C stock (CS) and 
total N (TN) varied among different AEZs 
(Table 2). Soil pH value varied 4.96-7.65, 
which was strongly acidic to slightly alkaline. 
The highest pH (7.65) was recorded in soils 
of the AEZ 13 and the lowest (4.96) in AEZ 
27. BARC (2018) ranked soils of AEZ 3, 22, 
23, 27, 28 and 29 as strongly acidic, soils of 
AEZ 1, 19, 25 and 30 as slightly acidic and 
soils of AEZ 4 and 13 as slightly alkaline. 

Soil pH governs most physical, chemical and 
biological processes in soils which in turn may 
affect formation of soil aggregates. Among 
the soil organic matter decomposer microbial 
communities, bacteria and fungi are dominant 
and bacteria prefer a neutral soil reaction, 
while fungi like acidic soils for their functions 
(Rousk et al., 2009). Bacteria and fungi greatly 
influence soil aggregate formation. Six et al. 
(2002) reported several biological processes 
resulting in the formation of soil biological 
macro-aggregates which include the release 
of exudates from both bacteria and fungi 
which facilitate strong bonding among soil 
particles and help formation of aggregates. 
Also, fungal hyphae may encapsulate fine soil 
particles into aggregates. 

Table 2. Soil pH, organic C, C stock and N contents in different AEZs of Bangladesh

 AEZ No.
Chemical characteristics of soils (mean ± S.E.)

pH OC (%) CS (t/ha) TN (%)

1 5.70±0.28 0.93±0.11 19.75±2.44 0.07±0.02

3 5.44±0.24 0.81±0.10 17.25±2.13 0.07±0.02

4 7.44±0.38 1.22±0.04 25.46±0.76 0.11±0.00

13 7.65±0.14 0.81±0.05 16.73±1.04 0.07±0.02

19 5.82±0.22 1.29±0.45 25.95±8.26 0.11±0.11

22 5.18±0.17 1.01±0.10 21.27±2.04 0.09±0.03

23 5.47±0.26 0.92±0.18 19.60±3.79 0.08±0.03

25 6.29±0.38 0.98±0.05 20.48±1.13 0.08±0.00

27 4.96±0.38 0.88±0.06 19.22±1.41 0.08±0.00

28 5.33±0.04 0.94±0.02 19.54±0.43 0.08±0.02

29 5.22±0.16 1.04±0.10 22.76±2.13 0.09±0.03

30 6.15±0.32 1.05±0.23 22.31±4.86 0.09±0.03

CV % 8.44 43.67 39.35 40.81
OC = organic carbon, CS = carbon stock, TN =  total nitrogen
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Soil OC varied from 0.81-1.29% across AEZs 
(Table 2) studied. The highest OC was recorded 
for AEZ 19 and the lowest for AEZ 3 and 13. 
Soil OC content was found to be very low in 
all the AEZs. The lower OC content is the 
result of continuous intensive crop cultivation 
solely depending on inorganic fertilizers 
with little or no application of organic 
fertilizers (Rahman, 2013). Furthermore, 
high temperature and moisture in the tropical 
and subtropical countries like Bangladesh 
stimulate microbial decomposition of inherent 
and applied crop residues or organic fertilizers. 
Such conditions result in low OC as well as 
low N contents in soils. Organic C content in 
soil is one of the vital components that may 
largely regulate soil physical, chemical and 
biological properties and play a tremendous 
role in soil aggregate formation. Kumar et al. 
(2013) reported that plants and soil organic 
matter played a vital role in the formation 
of soil aggregates where the quantity of OM 
application and their quality especially C 
content govern the formation and stabilization 
of soil aggregates.

Roy et al. (2019) found that high organic C 
enhanced soil aggregate formation. Organic 
matter acts as a glue in binding soil particles 
together and makes soil aggregates stronger. 
Improvement in soil structure contributes 
to nutrient retention and as well as erosion 
control. As the OC content in soils of the 
selected AEZs of Bangladesh is low, the 
potential of aggregate formation is also low. 
Hence, regular application of organic materials 
whatever the sources is recommended to 
maintain soil health and productivity.

Four basic cations (Na, K, Ca, Mg) found 
in the soils of different AEZs under study 

are presented in Table 3. The exchangeable 
Na+, K+, Ca+ and Mg+ contents in soils varied 
widely (Na+ 0.05-1.54, K+ 0.09-0.29, Ca+ 
1.98-21.21 and Mg+ 0.51-2.64 cmol/kg). The 
highest exchangeable Na+, K+, Ca+ and Mg+ 
contents were found at AEZ 13, while the 
lowest amount of exchangeable Na+ and K+ 
were found in AEZ 1, and Ca+ and Mg+ in 
AEZ 30. The exchangeable Na+ contents in all 
the AEZs were moderate, whereas K+ contents 
were very low. Islam (2008) reported that most 
of the soils of Bangladesh (75%) contained 
K below critical level and 17% below the 
optimum level. The Ca+ contents were found 
to be optimum to high and Mg+ were found 
to be at the optimum level in all the AEZs. 
Research findings revealed that monovalent 
cations like Na+ and K+ may have a dispersive 
effect in soils, while divalent cations Ca2+ and 
Mg2+ show flocculation effects (Rengasamy 
and Marchuk, 2011).

Aggregate stability in different soil particle 
fractions
It was observed that the stability of soil 
aggregates increased with the decrease soil 
particle size with some exception (Fig. 1). 
Higher amounts of aggregates were found 
in 0.25 mm sized soil samples. The trend 
of aggregate stability of different sized soil 
samples under different AEZs followed the 
order 0.25> 0.50> 1>2mm. Soil aggregates in 
0.25 mm sized soil samples varied from 115 
to 200 g/kg, with the lowest in AEZ 13 and 
the highest in AEZ 4. Aggregates stability in 
2 mm sized soil sampled varied from 46 to 
143 g/kg, with the lowest in AEZ 13 and the 
highest in AEZ 25. Roy et al. (2019) found 
that smaller sized soil particles contributed 
to a higher degree of aggregate stability. Soil 
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Table 3. Basic cations in soils of different AEZs of Bangladesh

AEZ No.
Basic cations in soils (c-mol/kg) (Mean ±S.E.)

Na+ K+ Ca2+ Mg2+

1 0.05±0.01 0.09±0.00 3.07±0.81 1.34±0.06

3 0.09±0.01 0.11±0.02 2.91±0.30 1.15±0.10

4 0.11±0.00 0.13±0.01 6.36±1.20 1.55±0.10

13 1.54±0.16 0.29±0.01 21.21±1.60 2.64±0.20

19 0.75±0.26 0.11±0.01 5.12±0.37 1.48±0.37

22 0.21±0.02 0.16±0.01 3.74±0.57 1.18±0.19

23 0.54±0.12 0.14±0.01 4.87±0.76 1.43±0.35

25 0.20±0.01 0.12±0.02 3.05±0.62 1.00±0.19

27 0.19±0.01 0.10±0.02 2.76±0.11 1.90±0.30

28 0.29±0.02 0.13±0.00 6.50±0.51 1.64±0.07

29 0.21±0.05 0.18±0.04 2.80±0.44 0.91±0.14

30 0.07±0.01 0.22±0.03 1.98±0.52 0.51±0.07

CV % 59.39 44.11 33.24 40.95

Fig. 1.  Water stable soil aggregates of different soil particle size fractions in different AEZs of Bangladesh 
(AS = aggregate stability).
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and crop management practices may affect 
and breakdown larger aggregates, while the 
smaller aggregates may exist in high percentage 
(Simansky, 2013). Aggregate size distribution 
and its stability can change considerably because 
of tillage method (Singh et al., 2014; Beare et al., 
1994). Lands usage and management (cropping 
systems) are important factors influencing 
soil aggregates size distribution and stability 
(Lebron et al., 2002). 

Among the 12 AEZs in the present study, the lowest 
amount of water stable soil aggregates was found 
in AEZ 13 i.e. in the Ganges Tidal Floodplain. 
Because of higher concentration of Na+ in the soils 
of AEZ 13, soil aggregates dispersed and hence the 
lower soil aggregate content.

Effects of monovalent and divalent basic 
cations on soil aggregates stability
The monovalent basic cations Na+ and K+ showed 
negative relation with soil aggregates (Fig. 2). 
Decreasing the amount of Na+ in soil was found 
to be increasing soil aggregates. Similar results 
were also found in case of K+ content and 
aggregate stability of soils. Since Na+ and K+ 
disperse clay particles, they hinder aggregation 

of soil and negatively affect soil structure. 
Sodium and K+ can cause clay dispersion and 
swelling which result in the degradation of soil 
aggregates (Rengasamy et al., 2016). 

The divalent basic cations Ca+ and Mg+ also 
showed negative relation with soil aggregates 
(Fig. 3). Data indicated that Ca2+ and Mg2+ 
increased soil aggregates. Correlation 
matrices of different ratios of basic cations 
like SAR, MCAR and CROSS with 
aggregates also showed negative relations 
(Table 4.4). Although, divalent cations Ca2+ 
and Mg2+ are known as flocculating agents 
(Rengasamy and Marchuk, 2011), they 
showed dispersion effect in the current study. 
Contradictions exist in case of Ca2+ and Mg2+ 
on their capability either as flocculating and 
/ or dispersing agents in soil systems. Curtin 
et al. (1994) and Keren (1991) reported that 
Mg2+ enhances dispersion of soil aggregates 
in many cases; however, the efficacy of Ca+ 
as a flocculating agent is documented in 
many cases. The diameter of a hydrated Ca2+ 
ion is slightly less than that of Mg2+ ion and 
therefore, Ca2+ adsorbs more strongly on 
clay surface (Gardner, 2003). Furthermore, 
higher mobility and abundance of Mg2+ ion in 

Fig. 2. Relationship between Na+ and K+ with total soil aggregates (TSA).
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soils attributes weaker formation of organo-
mineral bonding and thus contributes to less 
aggregated soils (Gransee and Fuhrs, 2013).

Conclusions 
Soil organic C content was found to have 
positive and monovalent basic cations have 
negative effects on aggregate stability of soil, 
while divalent basic cations played indistinct 
roles which need to be studied further. 
Aggregate stability and C stock in the 0.25 
mm sized soil fraction were higher than those 
in larger sized soil fractions. 
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