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INTRODUCTION

Bangladesh with an area of 147570 sq. km is a land 
of agriculture.  The contribution of agriculture to GDP of 
the country is in a decreasing trend in the recent past.  In 
spite of that agriculture has major role in country’s econ-
omy (BBS, 2013).  The 77% country’s total people are 
living in rural areas which primarily depend on a poorly 
developed agriculture for food (AIS, 2015).  Soil is the 
precious natural resource for global sustenance being 
the source of food, fiber and fuel.  Soil is one of the main 
factors of sustainable development which is important 
for proper functioning of ecosystem and assurance of 
food security.  Judicial soil management is the art of tak-
ing care of soil with full potential for further cultivation.  
Soil is one of the key natural resources of Bangladesh, 
but due to increase of cropping intensity deficiency of 
nutrients has been appeared in soil which has a common 
concern throughout the country.  Moreover, our soil 
health has been threatened by climate change, overex-
ploitation of resources, land degradation, water stress 
and deforestation.  

Physiographically, the land of Bangladesh is mainly 
classified into Holocene floodplains (80%), Tertiary hills 
(12%) and Pleistocene terrace (8%).  Based on mode of 
information and morphological appearance, soils of 
Bangladesh are grouped into 21 general soil types accord-

ing to the Bangladesh soil classification system that can 
be correlated with the USDA taxonomy and FAO–
UNESCO system of soil classification (Saheed, 1984).  
On the basis of land form, geology and agro–climatic con-
dition, Bangladesh has been divided into 30 agro–ecolog-
ical regions (popularly known as AEZs), 88 sub–regions 
of 535 agro–ecological units (FAO–UNDP, 1988); refer to 
the previous paper (Islam et al., 2003) for the map of 
AEZs. 

The present shred of work deals with the mineralogy 
of soils from the AEZ 29 (Northern and Eastern Hills).  
The AEZ 29 covered 1817172 ha area which is situated 
in Rangamati (456500 ha), Bandarban (442300 ha), 
Khagrachhari (316700 ha), Chittagong (232800 ha), Cox’s 
Bazar (133500 ha), Moulvibazar (1292 ha), Habiganj 
(49500 ha), Sylhet (27000 ha), Comilla (10800 ha), 
Sherpur (8200 ha) and Feni (6000 ha) districts of 
Bangladesh (BARC, 2012).  Irregular undulated hilly area 
comprises the region.  Very steep slopes and few hillocks 
with flat summit are the general view of those areas. 

Yellow–brown to deep brown colored permeable 
loamy soils composed of most hilly areas.  Those soils 
have low moisture holding capacity with mainly very 
strongly acidic soil reaction.  Sand, silt and clay content 
of underlying bed rock, mainly sedimentary rocks, and 
extent of erosion occurred on it are variable.  As a result, 
there is a complex soil patterns prevailing in those areas.  
The predominant general soil types of those areas are 
Brown Hill Soils (BARC, 2012).

Degree of weathering is indicated by the soil mineral 
content of an area.  The presence or absence of specific 
mineral in soil gives idea about soil forming process 
(Schulze, 1989).  Most of the mineralogical studies in 
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Bangladesh have been done for the agriculturally impor-
tant soil series representing some specific physiographic 
units or agro–ecological region.  All available information 
on clay mineralogy of Bangladesh was summarized by 
Moslehuddin et al. (1999) and a tentative clay mineral-
ogical map of Bangladesh was proposed.  In such situa-
tion, due to the lack of sufficient information about this 
issue, an attempt has been undertaken to study the min-
eralogy of soils from all AEZs of Bangladesh in the 
Department of Soil Science, Bangladesh Agricultural 
University (BAU), Mymensingh.  Moslehuddin et al. 
(1999) placed the AEZ 29 under mica–kaolinite–vermic-
ulite* suite (eastern part) and kaolinite–mica suite 
(northern part).  Here asterisk mark denoted partial chlo-
ritization of some vermiculite.  Further study is indispen-
sable to confirm the comprehensiveness of this.  In this 
context, the present study was undertaken to determine 
the mineralogical composition of soils collected from 
AEZ 29 and to validate the proposed mineralogical suit 
of the AEZ.

MATERIALS AND METHODS

Soil used
Eight soil samples of AEZ 29 Northern and Eastern 

Hills were collected from 0–15 cm soil depth.  The soils 
pertained to five soil series namely, Pritimpasha (2 sam-
ples), Varella (3 samples), Pahartali (1 sample), Mirsarai 
(1 sample) and Borkal (1 sample).  The first two series 
were located in the Burichong upazila of Comilla district 
while the other three were located in the Teknaf upazila 
of Cox’s Bazar district.  General features of these soils 
are presented in Table 1.  The soil samples were dried at 
room temperature, crushed, mixed thoroughly, sieved 
with 2–mm sieve using standard procedures and pre-
served in plastic containers for subsequent different lab-
oratory analyses. 

Particle–size analysis
After treating the processed soil samples with hot 7% 

H2O2 to decompose organic matter present in those sam-

ples, the particles were dispersed by mechanical stirring 
and adjusted to the pH 10 using 1 M NaOH.  By repeated 
stirring–sedimentation–siphoning the <2 µm fraction 
was separated.  The 2–20 µm fractions were separated 
with repeated sedimentation–siphoning whereas the 
20–53, 53–212, 212–2000 µm fractions were separated 
by wet sieving.  In order to calculate particle–size distri-
bution the weight of each fraction was measured. 

Determination of pH and EC
The soil pH was measured electrochemically using a 

glass–electrode pH meter in the soil suspension having a 
soil:water ratio of 1:2.5 after 30 minutes shaking.  The 
electrical conductivity (EC) was determined by an EC 
meter in the soil suspension having a soil:water ratio of 
1:5 after 30 minutes shaking.

Determination of exchangeable cations (Na, K, Ca)
Exchangeable K, Ca and Na were extracted by add-

ing 8 mL of CH3CHOONH4 into a 15 mL centrifugal tube 
having 2.5 g soil sample in it.  After 10 minutes shaking of 
the tube, the suspension was centrifuged for 5 minutes 
at 1500 rpm and the supernatant was decanted and fil-
tered into a 25 mL volumetric flask.  The process was 
repeated two more times.  The concentration of extracted 
K, Na and Ca were determined directly by flame pho-
tometer.

Mineralogical analysis
Duplicate clay sols containing 50 mg of clay (<2 µm) 

were taken to prepare the specimens for X–ray diffrac-
tion (XRD).  The sols were placed in 10 mL centrifugal 
tubes.  Washing through centrifugation and decantation 
were carried out twice with 8 mL of an equal mixture of 
1 M NaCl and 1 M CH3COONa (pH 5) in order to decrease 
the pH of preserved clay sols.  Of the duplicate sets, one 
was saturated with K and the other with Mg by washing 
three times with 8 mL of 1 M KCl and 0.5 M MgCl2, respec-
tively.  Excess salt was removed by washing once with 
8 mL of water. 

Clay in the tube was suspended thoroughly with 1 mL 

Table 1.  General information of soil samples

Sample name Location Land Type2) USDA3) soil taxonomy Cropping pattern4)

Pritimpasha–1 Burichong Upazila1), Comilla MHL Aeric Haplaquepts B– F– T.A

Pritimpasha–2 Burichong Upazila, Comilla MHL Aeric Haplaquepts B– A– T.A

Varella–1 Burichong Upazila, Comilla MHL Typic Haplaquepts B– A– T.A

Varella–2 Burichong Upazila, Comilla MHL Typic Haplaquepts B– F– T.A

Varella–3 Burichong Upazila, Comilla MHL Typic Haplaquepts B– F– T.A

Pahartali Teknaf Upazila, Cox’s Bazar HL Typic  Ustipsamments F– F– F

Mirsarai Teknaf Upazila, Cox’s Bazar HL Typic  Ustipsamments F– F– F

Borkal Teknaf Upazila, Cox’s Bazar HL Typic  Ustipsamments F– F– F

1) Upazila= Subdistrict;
2) �HL–High Land, above flood level; MHL–Medium High Land, normally flooded up to a depth of 90 cm during the monsoon 

season.
3) USDA: United States Department of Agriculture 
4) A: Aus; B: Boro; F: Fallow; T.A: Transplant Aman
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of water.  An aliquot of 0.4 mL of the sol was dropped 
onto a glass slide (7.6 cm × 2.6 cm), covering two–thirds 
of its area, air–dried and X–rayed (Parallel powder 
mount).  The XRD patterns were obtained using a Rigaku 
X–ray diffractometer (RINT 2100V) with Cu Kα radia-
tion at 40 kV and 20 mA, and at a scanning speed of 2°2θ 
min–1 over a range of 3 to 30°2θ.  In addition to the air–
dried specimen, the Mg–saturated clay was X–rayed after 
solvation with glycerol, and the K–saturated clay was X–
rayed after heating at 300°C and 550°C for 2 hrs.

RESULTS

Particle–size distribution
Based on the USDA system, particle–size distribution 

and textural classes of the soils were determined and 
have been presented in Table 2.  The average clay con-
tent of soils was 17.9% where the highest content was 
found in Varella–2 soil (32.5%) and the lowest content 
(7.9%) was in Pritimpasha–1 and Mirsarai soil.  The clay 
content varied in Pritimpasha soil series from 7.9% 
(Pritimpasha–1) to 18.4% (Pritimpasha–2) and in Varella 
soil series from 10.4% (Varella–1) to 32.5% (Varella–2).  
Besides, the clay contents of Pahartali, Mirsarai and 
Borkal soil series were 12.9, 7.9 and 25.5%, respectively.

The silt fraction having the size of average 2–20 µm 

was 21.5% and it varied from 14.1% in Pritimpasha–1 
soil to 28.7% in Pritimpasha–2 soil.  The 20–53 µm frac-
tion varied from 19.2% in Pritimpasha–2 and Borkal soil 
to 37.7% in Varella–3 soil.  The sand fraction with aver-
age size of 53–212 µm was 29.4% and it ranged from 
5.7% in Varella–3 soil to 45.8% in Mirsarai soil.  Except 
Varella–2 and Varella–3, this sand fraction was above 
10% in all other soils.  The coarse sand of 212–2,000 µm 
was found in a low range (from 0.2% in Varella–3 to 7.9% 
in Borkal soil).  According to the USDA system for tex-
tural classes in AEZ 29, five samples were loam, two 
were silt loam and one was silty clay loam out of eight soil 
samples.

Soil pH and EC
Strongly acidic to slightly acidic soil reaction was 

found in the soils of Northern and Eastern Hills with the 
pH values ranging between 4.85 (Varella–3) and 6.04 
(Pritimpasha–2) (Table 3).  The EC value varied from 
0.02 (Pritimpasha–2) to 0.08 (Varella–3) dS m–1 (Table 3).

Exchangeable sodium, potassium and calcium
The exchangeable sodium ranged from 0.06 cmolc 

kg–1 (in Mirsarai series) to 0.46 cmolc kg–1 (in 
Pritimpasha–1 and Pritimpasha–2 soil series) with an 
average value of 0.31 cmolc kg–1.  The average exchange-

Table 2.  Particle–size distribution and textural classes of soil samples 

Sample name
Particle–size distribution (%) USDA soil

textural class<2 µm 2–20 µm 20–53 µm 53–212 µm 212–2000 µm

Pritimpasha–1 7.9 14.1 25.8 45.5 6.7 Loam

Pritimpasha–2 18.4 28.7 19.2 33.2 0.5 Loam

Varella–1 10.4 17.4 21.5 45.5 5.2 Loam

Varella–2 32.5 19.3 34.5 9.9 3.8 Silty clay loam

Varella–3 28.0 28.4 37.7 5.7 0.2 Silt loam

Pahartali 12.9 27.9 35.4 19.4 4.4 Silt loam

Mirsarai 7.9 19.4 26.3 45.8 0.6 Loam

Borkal 25.5 16.9 19.2 30.5 7.9 Loam

Average 17.9 21.5 27.5 29.4 3.6

Table 3.  pH, EC, exchangeable Na, K and Ca of soil samples

Sample name pH
EC

(dS m–1)
Exchangeable Na

(cmolc kg–1)
Exchangeable
K (cmolc kg–1)

Exchangeable
Ca (cmolc kg–1)

Pritimpasha–1 5.02 0.07 0.46 0.16 3.70

Pritimpasha–2 6.04 0.02 0.46 0.14 2.87

Varella–1 5.20 0.08 0.42 0.14 4.93

Varella–2 5.52 0.06 0.27 0.16 5.54

Varella–3 4.85 0.08 0.29 0.30 4.70

Pahartali 5.39 0.06 0.24 0.70 0.78

Mirsarai 5.55 0.05 0.06 0.40 3.70

Borkal – – – – –

Average 5.37 0.13 0.31 0.29 3.75
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able K content was 0.29 cmolc kg–1 having a range from 
0.14 cmolc kg–1 (in Pritimpasha–2 and Varella–1 series) 
to 0.70 cmolc kg–1 (in Pahartali series).  The exchangea-
ble Ca content varied from 0.78 cmolc kg–1 (in Pahartali 
series) to 5.54 cmolc kg–1 (in Varella–2) (Table 3) having 
an average of 3.75 cmolc kg–1. 

Mineralogical composition of clay fraction
The clay (<2 µm) fraction of dominating samples in 

XRD patterns are shown in figures 1 and 2.  The peaks 
of the most samples are sharp, indicating the good crys-
tallinity and/or large crystallite size of the minerals.  
Various relevant measurements as well as ratios of the 
peaks were used to detect the existence of mineral com-
ponents of the soil samples under study i.e., mica, chlo-
rite, kaolinite, smectite, vermiculite, quartz and feld-
spars as described by Akter et al. (2015). 

According to Moslehuddin and Egashira (1996), the 
approximate mineral composition of the clay fraction 
(<2 µm) was estimated based on the relative peak inten-
sities of the respective minerals in the XRD charts follow-
ing was presented in Table 4.  Among the minerals iden-
tified, mica was found as the most dominant one and it 

varied from 22% in Varella–2 soil to 46% in Pahartali soil.  
Following mica, chlorite was present in considerable 
amount compared to other minerals ranging from 14 to 
26%.  Pritimpasha–1 and Varella–3 soils possess the high-
est amount of chlorite while the lowest amount was found 
in Pahartali soil.  Kaolinite was also found in all the soil 
samples having a range from 9 to 41% with the highest 
value in Varella–2 soil and the lowest value in Pahartali 
soil.  Smectite was found in little amount in Mirsarai 
(13%) soil and in negligible amount in Pahartali (5%) 
soil.  Vermiculite was identified in two samples namely 
Varella–2 (6%) and Pahartali (9%) soils.  Quartz was 
found in all the soil samples ranging from 5% (Varella–2) 
to 18% (Varella–1).  A little amount of feldspar was iden-
tified in all the soils varying from 2% (Pritimpasha–1, 
Pritimpasha–2, Varella–2, Pahartali and Mirsarai) to 5% 
(Varella–1).  In two soil samples (Pritimpasha–2 and 
Varella–1), goethite was present in a negligible amount 
varied from 1 to 2%.  Besides, lepidocrocite was only 
identified in Pritimpasha–2 soil (8%).  Two soil samples 
had vermiculite–chlorite intergrade mineral viz.  Varella–1 
(12%) and Borkal (14%).  Mica–chlorite interstratified 
mineral was found in one sample viz. Borkal (5%) soil. 

Table 4.  Approximate mineral contents (%) in the clay fraction (<2 µm) of soil samples of AEZ 29

Sample name
Minerals

Mc St Vt Ch Kt Vt–Ch Mc/Ch Qr Gt Lp Fd

Pritimpasha–1 36 – – 26 22 – – 14 – – 2

Pritimpasha–2 37 – – 17 17 – – 17 2 8 2

Varella–1 35 – – 16 13 12 – 18 1 – 5

Varella–2 22 – 6 24 41 – – 5 – – 2

Varella–3 28 – – 26 25 – – 17 – – 4

Pahartali 46 5 9 14 9 – – 15 – – 2

Mirsarai 40 13 – 18 12 – – 15 – – 2

Borkal 38 – – 16 11 14 5 13 – – 3

Abbreviations: Mc: mica; St: smectite; Vt: vermiculite; Ch: chlorite; Kt: kaolinite; Vt–Ch: vermiculite–chlorite intergrade; Mc/Ch: 

interstratified mica/chlorite; Qr: quartz; Gt: goethite; Lp= lepidocrocite; Fd: feldspar.

Fig. 1.   �X–ray diffraction patterns of the <2 µm clay fraction of 
Pritimpasha–1 (left) and Varella–2 (right) soil.  Spacing is 
in Å. Treatments: a) Mg–saturation and glycerol–solvation; 
b) Mg–saturation and air–drying; c) K–saturation and air–
drying; d) K–saturation and heating at 300°C; e) K–satura-
tion and heating at 550°C.

Fig. 2.   �X–ray diffraction patterns of the <2 µm clay fraction of 
Mirsarai (left) and Borkal (right) soil.  Spacing is in Å. 
Treatments: a) Mg–saturation and glycerol–solvation; b) 
Mg–saturation and air–drying; c) K–saturation and air–
drying; d) K–saturation and heating at 300°C; e) K–satura-
tion and heating at 550°C. 
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DISCUSSION

According to particle–size distribution it is evident 
that most of the soils from AEZ 29 were medium tex-
tured with loam to silt loam textural classes while the 
exception was in Varella–2 soil which possess silty clay 
loam texture.  According to the reports of SRDI (1999 & 
2001), in context of textural classes the soils of 
Pritimpasha and Varella series were grouped as clay 
loam and the soils of Pahartali as loam or sandy loam 
which partially supports the present data.  Strongly acidic 
to slightly acidic nature of soils under this study is in 
agreement with BARC (2012).  The results are accorded 
to the report of SRDI (1999) and SRDI (2001) regarding 
the soil reaction of relevant soil series.  Again, the results 
of the present study indicate that all the soils were non–
saline in nature which is well fitted with BARC (2012).  
The exchangeable K content was very high in one soil, 
high in one soil, optimum in one soil and low in four 
soils.  On the other hand, the exchangeable Ca content 
was very low in one soil, low in one soil, medium in three 
soils and optimum in one soil.  SRDI (1999, 2000) also 
support the present data in relation to exchangeable K 
and Ca content of the soils. 

Mica, chlorite and kaolinite were the three major min-
erals with negligible amount of smectite and vermiculite 
as indicated by the results of the present study.  Mica–
chlorite and vermiculite–chlorite intergrade minerals 
were almost unavailable except Varella–1 and Borkal soil. 
Moslehuddin et al. (1999) put the soils of Northern and 
Eastern Hills (eastern part) in the mica–kaolinite–ver-
miculite* suite where mica, kaolinite and vermiculite are 
the major minerals and parts of vermiculite being chlor-
itized which does not support the present data.  Again, 
they also placed the soils of Northern and Eastern Hills 
(northern part) in the kaolinite–mica* suite where kao-
linite is the predominant mineral which partially supports 
the present data.  However, the AEZ 29 has coverage of 
large hilly areas of Bangladesh and the present study area 
was limited to only a part of this AEZ.  Therefore, inten-
sive study is recommended with soils from other areas of 
this AEZ for final comment on it. 

CONCLUSION

Mostly non–saline, medium textured with strongly 
acidic to slightly acidic nature of the soil samples were 
observed in Northern and Eastern Hills region.  Mica, 
chlorite and kaolinite are the dominant minerals in clay 
fraction.  Hence, the results of the present study do not 
confirm the mica–kaolinite–vermiculite* suite but par-
tially confirm kaolinite–mica suite for this AEZ by 
Moslehuddin et al. (1999).  Further study is necessary 
to confirm this issue.  The findings of this research are 
useful for solving the soil related problems and for con-
sideration of land use and management, especially in 
terms of nutrient and water management as well as crop 

selection for the area.
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