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Abstract
This research reports the effects of shifting cultivation on soil environment collecting samples from 0-5 cm soil depth 
from five locations viz. at Burburichhara, Maichchari, Longadu, Sukurchhari and Muralipara in Rangamati district of 
Chittagong Hill Tracts (CHTs). Soil analyses showed that fungal and bacterial population, microbial respiration and 
active microbial biomass, maximum water holding capacity, conductivity and moisture contents were significantly (at 
least p≤0.05) lower in shifting cultivated soil compared to adjacent mixed tree plantations at all the sites. On an 
average in soils of 5 different shifting cultivated lands fungal population was 1.33x105 CFU/g dry soil and bacterial 
population 1.80x107 CFU/g dry soil and in mixed plantations fungal population was 1.70x105 and bacterial population 
2.51x107 CFU/g dry soil. Organic matter and exchangeable Ca and Mg contents were significantly (at least p≤0.05) 
lower and bulk density significantly (at least p≤0.05) higher in shifting cultivated land in most of the locations compared 
to adjacent mixed tree plantations. Ratios of microbial respiration and organic carbon as well as active microbial biomass 
and organic carbon were distinctly lower and pH higher at 3 locations in shifting cultivated soils compared to mixed 
plantations. Findings of various soil properties, therefore, suggest that shifting cultivation has deteriorating effects on 
soil environment.
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Introduction

Shifting cultivation mostly prevalent in tropical countries 
of the world and affected area is more in Asia than any other 
continents. In Asia 55,000 km2 of the forest is cleared every 
year with a short rotation cycle of 3-10 years through this 
age old cultivation system (Seubert 1975). Clearing of 
closed-forest through shifting cultivation is 70% in Africa, 
50% in Asia and 35% in America (Sandra and Lori 1988; 
Sandra 1984). This cultivation system is practiced in India, 
Sri lanka, Malaysia, Indonesia, Thailand, Philippine, 
Colombia, Latin America, Madagascar and Brazil after 

clearing of forests with short rotation of 3 to 15 years 
(Andreas et al. 2007; Philon 1998; Becker 1995; Nicholas 
1984). In Bangladesh major portion constituting 10.97% of 
upland watershed falls in Chittagong and Chittagong Hill 
Tracts (CHTs). Shifting cultivation is the primary occupa-
tion and major economic activities of the indigenous people 
living in CHTs. In this hill tract on 13 180-km2 land, thus 
population increased to 1.5 million altogether in 2009 
(Wikipedia 2009) from 61 957 indigenous and 1097 
non-indigenous people in 1872 (Suhrawardy 1995). It was 
found that the number of families of shifting cultivators over 
time increased rapidly from 2163 in 1964 to 35 000 in 2002 
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Fig. 1. Study site in upland watershed of Bangladesh.

in CHTs (Tripura and Harun 2003). In this region, about 
200-km2 areas of various categories of forest lands are now 
being cultivated every year in this system (Tripura and 
Harun 2003). Now, this cultivation system has become un-
sustainable because of reducing its cultivation cycle to 2-3 
years due to increase in number of shifting cultivators and 
also due to settlement of people from densely populated 
plain land to this mountainous region. Thus, present pro-
duction of crops from existing shifting cultivation of this 
area can hardly sustain for about 3-4 months due to very 
short rotation cycle and loss of top fertile soil. Shifting culti-
vation destructs forest vegetation as a whole and causes de-
nudation of forest land, oxidizes organic matter and destroys 
microorganism and earthworm and silting stream channel 
(Sommer et al. 2004; Gupta 2000; Dodds et al. 1996; Dthar 
and Mishra 1987). Miah et al. (2010) reported shifting cul-
tivation effects on soil fungi and bacteria population at two 
locations of Banderban and Rangamati districts of CHTs. 
This research, therefore, aimed to determine effects of shift-
ing cultivation on over all soil environments.

Materials and Methods

Due to repeated shifting cultivation as well as defor-
estation process in CHTs it was very hard to select a pair of 
site representing a shifting cultivated land and natural for-
est covered area or mature plantation area side by side to 
find out the effect of shifting cultivation on soil 
environment. Therefore, to select such a pair site a re-
connaissance survey was conducted in approachable loca-
tions of Rangamati district to determine environmental 
change in soil due to shifting cultivation. Following de-
scribed 5 pair sites (Fig. 1) were selected in the dry season 
for soil sampling in the district:

Burburichhara shifting cultivated area with adjacent 
planted mixed forest
This current year shifting cultivated area was located at 

Burburichhara in Barkal upazila of Rangamati district with 
the geographical position of 22o43′07.03″N and 92o21′
02.19″E. This was a hilly area having steep (125-55%) 
slopes with an elevation of 364 m on the north-west aspect. 
Existed vegetation on the land consisted of paddy (Oryza 
sativa spp.) and turmeric (Curcuma longa) as shifting culti-

vated crops, Gmelina arborea (gamar) and banana (Musa 
paradisiaca) seedlings and some grasses in patches. 
Adjacent planted mixed forest was on steep (25-55%) high 
hill facing the north-western aspect at 22o43′06.99″N and 
92o21′01.50″E geographical positions. Vegetation con-
sisted of Albizia lebbeck (koroi), G. arborea, and teak (Tectona 
grandis) along with bamboo, sungrass (Imperata ar-
undinancea), banana etc. Tree canopy coverage was 98% and 
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undergrowth coverage had 80% with 4 cm forest floor 
thickness.

Maijchhari shifting cultivated area with adjacent planted 
mixed forest
Maijchchari shifting cultivated area was located in 

Barkal upazila of Rangamati district at geographical 
22o43'06.12″N and 92o19′06.95″E position. The area pos-
sessed 25-55% hill slope on south-western aspect having 
current year shifting cultivated land with crops of paddy, 
turmeric and banana. The adjacent planted mixed forest was 
on medium high hill with 25-55% slope at geographical 
22o43′06.06″N and 92o19′07.45″E position on south-west 
aspect. Vegetation of this area were teak, Syzygium cumini 
(jam), Lagerstroemia speciosa (jarul), Barringtonia acutangula 
(hijal) and Laena coromandelica (vadi), which provided 70% 
canopy coverage with 30% undergrowth. 

Longadu shifting cultivated area with adjacent planted 
mixed forest
This pair site was situated at Longadu upazila situated to 

the north-western part of Rangamati district at geographical 
position of 22o50′06.14″ N and 92o17′04.17″ E on steep 
high hill facing south eastern aspect. This was a current year 
shifting cultivated land with crops of paddy, turmeric, ba-
nana etc. with no undergrowth. Adjacent planted mixed for-
est of teak and G. arborea was on steep (25-55%) high hill 
slopes on south–eastern aspect at geographical position of 
22o45′05.12″ N and 92o18′05.45″ E. Tree canopy coverage 
on this hill was 70% with 40% undergrowth, mostly of herbs 
with very little or no litter on the forest floor. 

Sukurchhari shifting cultivated area with adjacent plant-
ed mixed forest
This pair site was situated at Sukurchori, 7 km from 

Manikchari under Kutukchari Range under Un-classed 
State Forest Division on the way to Rangamati-Manikchari- 
Mohalchari-Khagrachari Road. This site was one year old 
shifting cultivated land on medium high hill on eastern as-
pect at geographical position of 22o40′05.22″ N and 092o07′
02.35″ E. Paddy residues of the previous year was still ex-
isted on the land with 75% grass vegetation and 15% ground 
coverage, mostly of Eupatorium odoratum (asamlata) of 80 cm 
in height. Adjacent to this shifting cultivated area mixed 
planted forest of litchi (Litchi chinensis), jackfruit (Artocarpus 
heterophyllus), teak, G. arborea and Syzygium cumini (jam) 
were present on upper part of the medium high hill at 22o41′

05.45″ N and 092o06′02.42″ E geographical positions. Tree 
canopy coverage of this plantation was 80% with full under-
growth coverage and 4 cm litter depth. 

Muralipara shifting cultivated area with adjacent bushy 
forest
This site was 2 year old slashed and burnt area, situated 

at Mulari para on the way to Gagra, Kaptai Road, Phulgaji 
Forest Range under Jhum Control Division. In this shift-
ing cultivated area vegetation was wild banana on eastern 
aspect of a medium high hill at geographical position of 
22o34′09.42″ N and 092o06′02.29″ E. Sun grasses was the 
only vegetation on this land that provided 15% coverage. 
Area adjacent to this shifting cultivated land was consisted 
of only one 25 year old jackfruit tree with bushy under-
growth on medium high hill top at geographical position of 
22o33′05.82″ N and 092o07′06.22″ E. This bushy vegeta-
tion covered a very small area. 

Soil sampling and analysis 

From each of the above mentioned 5 locations, 5 re-
plicated soil samples were collected from a depth of 0-5 cm 
from each land use, mixed thoroughly to give a composite 
sample and brought to the laboratory in labeled poly bag 
sterilized with 95% ethyle alcohol. In the laboratory sam-
ples were divided into two sub-soil samples: one used for 
determination of physical and chemical properties and the 
other kept in incubator at 4oC temperature for determining 
biological properties. In both the cases, 3 sub-samples were 
taken from each composite sample for determination of var-
ious parameters of soil and result expressed for each param-
eter based on oven dry basis.

Determination of physico-chemical properties

Moisture content was determined drying the soil in an 
oven at 105°C for 8 hours (Huq and Alam 2005). Soil bulk 
density was determined from core samples (Blake 1965). 
Moist soil pH was determined by TOA pH meter in tripli-
cate at 1:2 soil-water ratios. Soil organic carbon and organic 
matter were determined by loss on ignition method (Ball 
1964) and total nitrogen by micro-Kjeldahl method 
(Jackson 1973). Electric conductivity was measured using 
a digital conductivity meter (TOA, Japan). Available phos-
phorus was extracted with Bray and Kurtz No.2 extractant 
and measured by SnCl2 reduced molybdophosphoric blue 
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color method using spectrophotometer (Jackson 1973). 
Available calcium and magnesium was determined accord-
ing to Petersen (2002).

Determination of biological properties

Fungi
Potato dextrose agar (PDA) media was used for cultur-

ing fungi. After primary washing of all the glass wares with 
water used in microbial culture were ringed with 95% ethyl 
alcohol and wrapped with brown paper. The sterile media of 
PDA kept in conical flask prepared previously after tight 
cotton plucking was also wrapped with brown paper. All the 
materials in wrapped condition were then placed carefully 
in an autoclave and sterilized at 121oC for 15 minutes to 
free from undesired microorganisms. Exactly 1g sieved 
soil, passed through 2 mm mesh size, was dispersed in 99 
mL sterile water in a conical flask to produce 10-2 dilution, 
from which 1 mL suspension taken out using sterilized pip-
ette and mixed thoroughly adding 99 mL sterile water to 
another conical flask to give 10-4 dilution. In this way dilu-
tions were made up to10-5, and dilutions of 10-3, 10-4 and 
10-5 were used for culturing and isolation of fungi. Each of 
the conical flasks with different dilutions was then covered 
with a rubber stopper. Three replicated soil samples were 
analyzed for each depth and land use for making such 
dilutions. Laminar flow bench was first cleaned with abso-
lute alcohol using cotton and allowed to pass ultra violate 
ray until fluorescent light lit on. All the sterilized glassware 
and PDA media in conical flask were then transferred to 
the running lamina flow bench unwrapping carefully to 
avoid any contamination. About 15 mL of sterilized PDA 
media from conical flask was poured evenly throughout the 
Petri-dish and thus 18 different replicated cultures pre-
pared from PDA media. Exactly 0.1 mL streptomycin sul-
fate (0.25 mg mL-1) solution was added and spread to 
Petri-dish for inhibiting any bacterial growth and allowed 
to solidify (Miah et al. 2010). 

For isolation, 1 mL soil suspension was pipette out from 
each of 10-2 and 10-4 dilutions to the test tubes, and 9 mL 
sterile distilled water added to get 10-3 and 10-5 dilutions, 
respectively. From each of the test tubes, 1ml soil suspen-
sion was then pipette out and spread over the solidified me-
dia in Petri-dishes. From each of the test tubes, 1ml soil sus-
pension was then pipette out and spread over the solidified 

media in Petri-dishes. After 72 hours incubation all 
Petri-dishes were examined. Petri-dishes which had ＞300 
or ＜30 colonies on the plates were discarded (Clark 1965). 
Colonies of diameter greater than 2cm in any plate were al-
so discarded. Total number of colonies on each of the ac-
ceptable plates were counted using colony counter and the 
result expressed as Colony Forming Unit (cfu) according 
to Clark (1965).

Bacteria
For culturing bacteria, nutrient agar (NA) media was 

used and dilutions made up to10-9. Dilutions 10-7, 10-8 and 
10-9 were used for bacterial culture. All the procedures de-
scribed for fungi above were applied for the culture of 
bacteria. However, following exceptions were for bacterial 
culture. Each of the dilutions in conical flasks was shaken 
vigorously for 10 minutes. Nystate solution (0.005 mg 
mL-1) was used as antifungal for the culture (Miah et al. 
2010). After 24 hours incubation all Petri-dishes were 
examined. 

Basal respiration in soil was estimated according to 
Dubey and Maheswari (1999). According to this method, 
100 g moist soil was taken into a sterile 500 mL conical 
flask. Three test tubes, each containing freshly prepared 10 
mL of 1N NaOH, were placed inside to this conical flask. 
Each conical flask was then closed with a rubber stopper 
and sealed with wax. A set of blank experiment was also 
prepared to represent control. The conical flasks were then 
incubated at 30oC for 7 days, after which 1N NaOH sol-
ution was taken out from test tube, titrated against N/10 
HCl in a conical flask adding 2 or 3 drops of phenolph-
thalein indicator. The end point of the reaction turned from 
pink to colorless. The basal respiration was calculated from 
the following relationship: 

where, CO2–Csoil represents evolution of CO2 from soil, 
and CO2–Cair represents atmospheric CO2 absorbed by 1N 
NaOH.

Active microbial biomass (CAMB) of soil was determined 
according to Van de Werf and Verstrate, (1987) glu-
cose-amendment method, which also known as substrate 
induced respiratory assay. According to this method ap-
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Table 1. Soil physical properties in shifting cultivated and adjacent mixed planted forest lands of Rangmati hill district

Land use Moisture content (%) Maximum water holding capacity (%) Bulk density

Burburichara shifting cultivated land
Adjacent mixed planted forest
Maichhari shifting cultivated land  
Adjacent mixed planted forest
Langadu shifting cultivated land
Adjacent mixed planted forest
Shukurchari shifting cultivated land
Adjacent mixed planted forest
Muralipara shifting cultivated land
Adjacent bushy forest

 12.60a*
 18.60*
 12.00***
 25.24***
 13.49***
 31.22***
 14.15***
 34.64***
   3.49*
   7.19*

27.21*
43.38*
28.06***
56.25***
32.28*
49.32*
33.89***
60.78***
29.37*
46.80*

1.31*
1.23*
1.28*
1.12*
1.34***
1.19***
1.25***
1.46***
1.37***
1.53***

aEach value is the mean of 3 sub-soil samples of a composite from 5 spots in the field; * indicates significant difference between the means of 
shifting cultivated and adjacent mixed planted forest lands at p≤0.05 and *** indicate at p≤0.001.

proximately 0.2 g talc and 0.03 g glucose were grinded and 
thoroughly mixed with 20 g moist soil and taken into a 500 
mL conical flask. Exactly 10 mL standardized N/10 
NaOH was taken in each of the triplicate test tubes to trap 
CO2 and placed into conical flask. Conical flasks were then 
sealed with wax and incubated for 10 hours at room tem-
perature 25oC±1. After incubation the amount of evolved 
CO2 was measured after titration the content against N/10 
HCl. The active microbial biomass (CAMB) was calculated 
from the following formula:

where, CO2–Camend indicate evolution of CO2 from the 
glucose-talc amended soil, CO2–Cunamend indicate evolu-
tion of CO2 from soils only (un-amended), and AC is the 
coefficient (0.283) to convert CO2–C into CAMB (Van de 
Werf and Verstrate 1987). 

Metabolic quotient (CRes. COrg
-1) was determined divid-

ing basal respiration (CRes.) by organic carbon. Again, met-
abolic quotient (CAMB COrg

-1) was determined dividing ac-
tive microbial biomass (CAMB) by organic carbon (COrg) 
(Anderson and Domsch 1990). Significance difference be-
tween the means of shifting cultivation and mixed planted 
forest was determined by one way analysis with the triplicate 
data for each parameter using SPSS 16.0 package. 
Differences for the means between the shifting cultivation 
and mixed planted forest are shown in result at two differ-
ent levels, for small difference at p≤0.05 and large differ-

ence at p≤0.001.

Results

Soil physico-chemical properties

Moisture content, maximum water holding capacity and 
conductivity in soil were significantly (at least p≤0.05) 
lower at all the 5 locations in Rangamati district of CHTs in 
shifting cultivated land compared to adjacent mixed plant-
ed forest (Table 1). Organic matter content significantly (at 
least p≤0.05) lower and bulk density significantly (at least 
p≤0.05) higher in shifting cultivated land at three loca-
tions viz: Burburichara, Maichhari and Langadu com-
pared to mixed planted forest land and reverse true for oth-
er two locations viz. Sukurchari and Muralipara (Table 1, 
2). Sukurchari was an orchard dominated planted forest 
and Muralipara contained only one jackfruit tree represent-
ing a poor forest cover. For this reasons at these two sites or-
ganic matter content was lower and bulk density became 
higher compared to shifting cultivated land. The relation-
ship between organic matter and bulk density was inversely 
proportional at all the pair sites. At Burburichara moisture 
content, maximum water holding capacity, conductivity, 
bulk density and organic matter in shifting cultivated land 
were 12.60%, 27.21%, 113 μs/cm, 1.31g cm-3 and 2.31%, 
respectively, while their corresponding values in adjacent 
mixed planted forest were 18.60%, 43.38%, 201 μs/cm, 
1.23 g cm-3 and 2.75%. Exchangeable Ca and Mg contents 
were significantly (at least p≤0.05) higher in shifting culti-
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Table 2. Soil chemical properties in shifting cultivated and adjacent mixed planted forest lands in Rangmati hill district

Land use pH
Organic C 

(%)
Organic 

matter (%)
Conductivity 

(μs/cm)
Total N

(%)
Available P 
(mg kg-1)

Available cations 
(meq/ 100 g soil)

Ca++ Mg++

Burburichara shifting cultivated land
Adjacent mixed planted forest
Maichhari shifting cultivated land 
Adjacent mixed planted forest
Langadu shifting cultivated land
Adjacent mixed planted forest
Shukurchari shifting cultivated land
Adjacent mixed planted forest
Muralipara shifting cultivated land
Adjacent bushy forest

4.54a

4.22
4.88*
4.28*
4.38
4.16
4.11*
4.60*
4.73*
5.09*

1.34*
1.60*
1.69
1.93
2.20**
4.78**
1.42**
0.64**
1.01*
0.93*

2.31
2.75
2.31*
3.90*
3.78***
8.22***
2.45***
1.10***
1.73*
1.60*

113.00***
201.00***
  98.00***
326.00***
308.80***
625.00***
346.00***
519.00***
327.00***
482.00***

0.04*
0.09*
0.06*
0.16*
0.11*
0.04*
0.07
0.08
0.07
0.07

  7.8*
  7.5*
12.21*
10.6*
  4.50*
  6.38*
  6.53***
16.09***
  2.30***
  7.40***

5.44***
2.50***
4.37
4.69
3.34*
2.07*
5.62***
1.61***
3.81*
4.46*

1.59*
1.02*
1.09
1.12
1.25*
1.11*
1.64
0.79
2.30*
1.22*

aEach value is the mean of 3 sub-soil samples of a composite from 5 spots in the field; * indicates significant difference between the means of 
each land use at p≤0.05 and *** indicate at p≤0.001.

Table 3. Fungal and bacterial population, microbial respiration and biomass of soil in shifting cultivated land adjacent mixed planted forest in
Rangmati hill district

Land use 
Fungal population 
(CFU/g dry soil)

Bacterial population 
(CFU/g dry soil)

Microbial respiration 
(CO2-C/kg/day)

Active microbial 
biomass (mg C/kg soil)

Burburichara shifting cultivated land
Adjacent mixed planted forest
Maichhari shifting cultivated land
Adjacent mixedplanted forest
Langadu shifting cultivated land
Adjacent mixedplanted forest
Shukurchari shifting cultivated land
Adjacent mixedplanted forest
Muralipara shifting cultivated land
Adjacent bushy forest
Mean of shifting cultivated land
Mean of mixed planted forest

1.32x105a

1.30x105

1.40x105**
1.85x105**
1.52x105***
2.13x105***
1.38x105**
1.85x105**
1.04x105**
1.38x105**
1.33x105

1.70x105

2.12x107**
2.53x107**
2.35x107**
2.84x107**
1.85x107***
2.81x107***
1.58x107***
2.79x107***
1.05x107**
1.59x107**
1.80x107

2.51x107

4.30***
7.40***
5.28***
7.51***
4.19**
4.51**
4.30**
5.45**
3.57***
5.22***
4.33
6.02

51.47***
72.47***
45.68**
55.36**
67.48**
76.44**
66.55***
91.89***
56.63**
62.31**
57.56
71.70

aEach value is the mean of 3 sub-soil samples of a composite from 5 spots in the field; ** indicates significant difference between the means of 
each land use at p≤0.01 and *** indicate at p≤0.001.

vated soil than the mixed planted forest in most of the 
locations. At Sukurchari exchangeable Ca and Mg were 
5.62 meq/100 g soil and 1.64 meq/100 g soil in shifting cul-
tivated land and their corresponding values were 1.61 
meq/100 g soil and 0.79 meq/100 g soil in mixed planted 
forest. Soil pH and available P did not show any definite 
trend between the lands (Table 2). For all the soils N deter-
minations were not markedly differentiated. 

Soil biological properties 

Fungal and bacterial population, microbial respiration 
and active microbial biomass were significantly (at least p≤
0.05) lower in shifting cultivated soil compared to adjacent 
mixed planted forest at all the five locations (Table 3). At 
Langadu fungal and bacterial population, microbial respira-
tion and active microbial biomass in shifting cultivated land 
were 1.52x105 cfuㆍg-1 dry soil, 1.85x107 cfuㆍg-1 dry soil, 
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Fig. 3. Quotient of active microbial biomass (CAMB) and organic carbon 
(COrg.) in soil of shifting cultivated and mixed planted forest lands in 
Rangamati district.

Fig. 2. Quotient of microbial respiration (CRes.) and organic carbon (COrg.) 
in soil of shifting cultivated and mixed planted forest lands in Rangamati 
district.

4.19 CO2-C kg-1/day and 67.48 mg C/kg soil, respectively, 
while in adjacent mixed planted forest their corresponding 
values had 2.13x105 cfuㆍg-1 dry soil, 2.81x107 cfuㆍg-1 
dry soil, 4.51 CO2-C/kg/day and 76.44 mg C/kg soil. On an 
average fungal and bacterial population, microbial respira-
tion and active microbial biomass were 1.33x105 cfuㆍg-1 
dry soil, 1.80x107 cfuㆍg-1 dry soil, 4.33 CO2-C/kg/day and 
57.56 mg C/kg soil in shifting cultivated land, respectively, 
and their corresponding values in mixed planted forest on an 
average were 1.70x105 cfuㆍg-1 dry soil, 2.51x107 cfuㆍg-1 
dry soil, 6.02 CO2-C/kg/day and 71.70 mg C/kg soil (Table 
3). 

Quotient of microbial respiration and organic carbon 
(CRes. COrg

-1) as well as quotient of active microbial biomass 
and organic carbon (CAMB COrg

-1) were distinctly lower at 3 
locations viz. Burburichara, Maichhari and Muralipara 
and higher at 2 shifting cultivated lands viz. Langadu and 
Sukurchhari than their compared adjacent mixed planted 
forest (Fig. 2, 3). 

Discussion

Soil physico-chemical properties 

Various reports (Miah et al. 2010; Biswas et al. 2010; 
Gafur et al. 2000) indicate that shifting cultivation may ei-
ther decrease or increase soil pH depending on cultivation 
stage, runoff condition and amount of organic matter pres-
ent on the land. Higher pH in shifting cultivated land at 
three locations namely Burburichara, Maichhari and 
Langadu was associated with addition of ashes in soil from 
complete burning of earlier vegetation before sowing paddy 

seeds, turmeric and similar other crops and from deep hoe-
ing of the soil. Moreover, these three locations also con-
tained lower organic matter compared to adjacent mixed 
planted forest of several tree species having good canopy 
coverage. Biswas et al. (2010) also found in this mountain-
ous region higher pH on land just after sowing at Alutila of 
Kharacharichari district. Gafur et al. (2000) reported higher 
pH from shifting cultivated area with more run-off com-
pared to vegetated land comprised of mixed trees of horti-
culture and forest species in Soil Conservation and Watershed 
Management Center at Banderban. At Muralipara with the 
presence slashed materials as well as at Sukurchari with the 
presence of paddy residues of previous year showed lower 
pH compared to mixed tree plantation. The results there-
fore suggest that stage of shifting cultivation as well as site 
specific conditions influence the reaction of soil. Moreover, 
where now presence of tree vegetation previously this land 
also might pass through shifting cultivation, because with 
increased population in CHTs on each and every place ei-
ther shifting cultivation or tree and fruit plantation in combi-
nation are being practiced. Similarly, lower pH in shifting 
cultivated land compared to village common forest/natural 
forest was reported by Miah et al. (2010) in mountainous re-
gion of Bandarban and Rangamati district. 

Higher bulk density in the shifting cultivated land at all 
the locations was usually related with lower organic matter 
and compaction of soil. Sukurchari was an orchard domi-
nated planted forest and Muralipara contained only one 
jackfruit tree representing a poor forest cover. For this rea-
sons at these two sites organic matter content was lower and 
bulk density became higher compared to shifting cultivated 
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land.
Lower total nitrogen in shifting cultivated soil was influ-

enced by the absence of vegetation, burning of crop resi-
dues as well as accelerated soil erosion and reverse was true 
for forested land with the presence of more litter and tree 
coverage. Due to forest clearance lower total N content in 
soil was reported by several authors from different parts of 
the world (Girma 1998; Jing-cheng et al. 2004). DeBano et 
al. (1979) reported that losses of soil N can occur when 
heated to temperature as high as 100oC, which may happen 
during burning associated with shifting cultivation. 
Significant increase in available Ca and Mg of the preset 
study compared to forest land in most of the locations was 
in agreement with Gafur et al. (2000), who also reported an 
increase of the two elements in shifting cultivated soil than 
mixed planted forest land in Banderban district. 

It needs to mention here that land use in CHTs after 
1990 is changing rapidly due to fast growing population 
and in absence of scope for rotation on the new available 
lands for cultivation. Thus many of the forests of the past 
time or shifting cultivated land are being brought under ei-
ther shifting cultivation or fruit cultivation or tree and or-
chard in combination. However, all such lands in the long 
past was under natural forest with luxuriant growth. Thus, 
the three different locations viz. Maijchhari, Burburichhara 
and Longadu might past through only shifting cultivation, 
for which findings from the compared land showed rather 
better results.

Soil biological population

Shifting cultivation brought drastic changes of fungal as 
well as bacterial population, microbial respiration and active 
microbial biomass in soil because of several reasons. 
During shifting cultivation burning was done for land 
preparation which affected moisture content, organic mat-
ter and pH as well as vegetation coverage on soil. In ex-
treme temperature from burning of soil associated with 
shifting cultivation, topsoil might undergo complete 
sterilization. Extreme high temperature affected survival 
and colonization of soil organisms through reduction and 
modification of organic substrates, reduction in sources of 
organic residues, buffering etc. (Bissett and Parkinson 
1980; Monleon and Cromack 1996). Moreover, some or-
ganic pollutants were produced during combustion process 

which had also adverse effect on soil biota. Some toxic com-
pounds, such as polychlorinated dibenzo- p-dioxins 
(PCDDs), dibenzofurans (PCDFs) and polynuclear ar-
omatic hydrocarbons (PAHs) are released during fire and 
redistributed in soil (Kim et al. 2003). Islam and Weil 
(2000) reported that microbial communities in forest soils 
are more active and less stressed than any other land uses. 
Miah et al. (2010) also found higher fungi and bacterial 
population in village common forest compared to shifting 
cultivated soil in absence or with scattered vegetation in the 
same mountainous region in Banderban and Rangamati 
district. Lower microbial population in shifting cultivated 
land of the present study was supported by several re-
searchers from outside countries also (Gupta et al. 1986; 
Islam and Weil 2000; Dthar and Mishra 1987). Dthar and 
Mishra (1987) reported that grass as well as forest lands 
had higher microbial population than shifting cultivated 
land. Thus, it is clear that absence of forests and burning in 
no way is beneficial to microbial population in soil. 

Reduced active microbial biomass and basal respiration 
in shifting cultivated soil were related to lower microbial ac-
tivity compared to mixed planted forest, which had sig-
nificantly higher amount of moisture. Similarly reduced ag-
gregate stability in shifting cultivated land was associated 
with lower input of labile C having lower amount of lit-
ter-fall and root exudates compared to either natural forest 
or plantation rich in litter and root exudates. Active micro-
bial biomass is usually limited with the availability of labile 
C and sensitive to land-use type as well as soil management 
practices (Islam and Weil 2000). Dthar and Mishra (1987) 
found in shifting cultivated soil significant lower microbial 
population and biomass production compared to vegetated 
area, and a positive correlation revealed between bacterial 
population and moisture content in both the land uses. 
Microbial population and CO2 evolution are usually higher 
in the vegetated soils compared to that of 'slash and burn' 
type agriculture. A field experiment by Hedlund (2002) 
showed that the biomass of bacteria and fungi were higher 
in forest soil than in the adjacent agricultural land.

Conclusion

No doubt that shifting cultivation deteriorates soil envi-
ronment through loss of vegetation and soil fertility, but this 
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cultivation system cannot be stopped completely in CHTs, 
because this is the widely practiced primary occupation and 
major economic activities of the indigenous people in CHTs 
over the last several centuries. This cultivation system thus 
becomes the only source of sustenance for most ethnic back-
ward people in this hilly region without the knowledge of 
modern cultivation. However, their indigenous knowledge 
in managing forest land is admirable, since they do mini-
mum tillage for growing crops and manage community 
based forest sustainable way through community’s prepared 
rules and regulations. With the settlement of plain land peo-
ple and fast growth of their own families, this hilly region 
becomes over populated in comparison to cultivable land 
and has reduced the choice of shifting at present from one to 
other place as they did in the past. Thus lands are not get-
ting any rest period to regain its fertility due to repeated 
cropping and people clear more forests for their livelihood. 
Under the circumstances the only option to increase perma-
nent vegetated area through encouraging naturally regen-
erated hundreds of species which grow following monsoon 
rains in this only mountainous region of the country with 
the aim to stop deterioration of soil biological and phys-
icochemical properties. To keep overall environment with 
respect to natural resources at optimum condition in this 
upland watershed shifting cultivation is to be restricted to 
only on gentle sloping land with the adoption of long cycle 
and creating alternative employment opportunities to the 
shifting cultivators for their livelihood at their door step 
through developing landscaping and tourism facilities in 
this mountainous region. However, to achieve such benefits 
and services in this distinct region from plain land geo-
graphically, culturally, demographically, economically, ad-
ministratively, legally and historically, require political deci-
sion from all parties at local and national level with the assis-
tance of international environmental associations. 
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