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Abstract

Abstract I the Chittagong Hill Tracts (CHT) of Bangladesh, shifting
enltivation is an age-old practice. Usnally rribal people pracriced
slash-and-burn agricrdture i the same area with long falfonw peri-
edds of 1520 years. But, with the rapid increase of popalation in the
kitls this rotation has come down 1o 3-5 vears, allowing insufficient
time for the soils 1o regain their natwral productivity, Altheugh less
thean 3% of the hill area is used for shifring cultivarion each year, 10-
20 times of the additional vegerative area bevond the shifting culii-
vated field can be destroved by wild fires in relation to the burning
process. Thus the combined affect of such cultivation is more exten-
sive than it is wsually predicred,

The present investigation is a baseline study of the nutrient stetus
in the topsoil and the impact of burning and subsequent runoff on
ehanges in topsail nuirients following land clearing and burning in a
sinaii carchment of § fra focated on steep 1o very steep slopes in CHT.
Analvses of topsoil samples{0-10cm) sampled before and after burn-
ing showed significant increase in pH, exchangeable base carions ( Ca,
Mg, K), 5, Fe, Mn and Zn but decrease in total C, exchangeable acid-
iy, toterd N and available P Afterhaving received about 273 of the mean
anr nual precipitation, 39 ton hae! soil was lost by erosion. As these
sediments were rich in most nutrients, this runoff remeoved up to 275%
af the nutrienr content in the upper 10 cm of soil. Losses of available

Cut aned P by evosion ave especially important as the contents of these
mudrients were very low before burning and were even reduced by the
burnivng. Although the short time period of less than a year imposed
some fimitation on the present investigation, the results indicate that
traditional shifting ewltivation with a shove fallow peried may cause
severe degradation of those soils on steep o very steep slopes ina very
fruemid elimate (~3000mm rain per year).
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Shifting cultivation, which is at the fore-front of forest ex-
ploitation in South and Southeast Asia, accounts for about
49% of deforestation (FAO, 1982). This form of agriculture
is practiced all over the region, either in its traditional form
by the tribal communities living in the highlands or by mi-
grants and settlers coming from other parts of the country as
a result of a lack of land, work or socioeconomic con-
straints. Often natural calamities including river erosion,
tidal surges, cyclones, earthquakes also contribute to the
migration. Traditional shifting cultivators usually practice
amore complex system of slash-and-burn agriculture that is
well adapted to the environment (Pimental and Heichel,
1991; Kidd and Pimental, 1992). These people live in areas
with low population density where land availability permits
low intensity land-use. In contrast, migrants live in areas of
high population and high land pressure (Myers, 1980;

Okigbo, 1984). They lack the tradition and concern for hill
land and its use as they try to use the same intensive crop-
ping systems they had been practicing in the flat lands. They
not only quickly ‘mine’ the soil of its fertility but also leave
it with little crop residues, encouraging devastating soil ero-
sion. Most farmers use slashing and burning to remove
weeds from the topsoil, destroy harmful insects, control
pests and diseases and keep wild predators away, and the
ashes serve as an instant source of fertilizer (Weischet and
Caviedes, 1993).

The shifting cultivation system is known as ‘JThum’ in
Bangladesh and India, ‘Kaingin® in the Philippines, ‘Chena’
in Sri Lanka, ‘Chancar Leu” in Kampuchea and ‘Ray’ in
Lao (FAQ, 1982). Culturally, slash-and-burn agriculture
has been practiced by a diverse range of societies, from un-
known, isolated tribal communities to larger civilizations
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like the early Mayans of Central America (Dove, 1985;
Hillel, 1992). Tt is practiced in a wide range of ecosystems
ranging from forests to grassland and savanna environ-
ments (Denevan, 1981). Jhum cultivation has three promi-
nent phases: a} land clearing and burning phase, b) cropping
phase and c) fallow phase.

a. Land clearing and burning phase

Land clearing followed by burning is the most destructive
land preparation system used in hill agriculture. The loss of
protective plant canopy after burning may cause a sharp
increase in surface soil temperatures and stimulate
volatilization of C, N and § (Christanty, 1986; Crutzen and
Andreae, 1990; Lal, 1987). The amount of mineral nutrients
released through burning depends upon the total nutrient
content in the biomass and the intensity of burning.
Andriesse and Schelhaas (1987) recorded a temperature
fuctuation of 200-700 °C at the soil surface during the burn-
ing of felled and dried biomass. They also observed that the
temperature remains below 175%C at | cm depth and below
100°C at 2 cm depth. But if the biomass is piled up and
burned at one place, temperature rose to 150-250°C at 5-cm
soil depth. Dunn et al. (1979) reported that a moderate burn
of moist biomass in which temperatures reached 530°C at
the surface and 150°C at 3 cm depth, killed almost 99% of
the fungi in the soil and reduced the heterotrophic bacteria
by 57-93%. Burning increases pH and decreases Al concen-
tration, which is beneficial for most crops and can be con-
sidered a significant improvement of acid soils (Ahn, 1974;
Ewel et al., 1981; Sanchez et al., 1983; Christanty, 1986).
Sometimes burning debris is transported to the nearby clus-
ter of huts of the tribal people, causing fire. To avoid such
catastrophe during the Jhum burning time, tribal people
usually carefully guard their houses. Almost all the area of
the Chittagong Hill Tracts has lost its primary vegetation
through this offsite effect of fire resulting from the slash-
and-burn system of agriculture.

b. Cropping phase

The choice of crops in shifting cultivation varies widely
among the agroecosystems and is mainly influenced by the
socioeconomic needs of the farmers and their food habits.
Combination and diversity of crops (shallow or deep-
rooted and fibrous or tap rooted) grown in Jhum influence
soil mining and erosion. Diversified rooting systems of the
crops means soil nutrients are taken by these crops from dif-
ferent depths of the soil profile but tap rooted crops enhance
erosion. Tillage may improve the soil conditions in the be-
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einning of the growing season but may also disrupt the soil
surface, destroy aggregates and increase the surface area
exposed to rain and wind erosion. This may increase the
runoff and soil loss (Lal, 1987). Soil organic matter declines
during the cropping season resulting in decreased CEC, in-
creased acidity, reduced nutrients levels {especially N and
P). degradation of soil structure, increased bulk density and
hence, reduced porosity and aeration and lowered water in-
filtration capacity (Ahn, 1974). Removal of soil nutrients
by the harvested crop adds to the decrease of soil fertility.

¢ Fatlow phase

Fallow can be viewed as a weed management strategy and
as an amelioration of soil conditions for future cropping pe-
riods (Van Wambeke, 1992). The success of fallow depends
on the past degradation of the soil, nature and kind of the
succession community and the length of the fallow period.
Too short a fallow period may result in fertility depletion up
to a point where the land would be abandoned (Zinke et al.,
IS £0), LUNHIE (400w, IIULNICIIL WGl uph vy e Py div
stored in the vegetation until they are partly released to the
soil after burning, Natural bush growth is considered the
most effective type of fallow regeneration for nutrient recy-
cling and biomass accumulation because it consists of
many plant species with different types of root systems
{Young, 1989). In areas of intense land use pressure, as in
CHT of Bangladesh, longer periods of fallow may not be
possible and the agroecological system may not be sustain-
able and therefore will eventually break down.

This is the background of the present study aimed at
showing the effect of Jhum cultivation on the nutrient
status, soil loss and hence the sustainability of this
agroecosystem. The investigation comprises:

¢ (a) Inventory of the nutrients stored in the soil after 5
years of fallow,

* (h) Nutrient input-output in topsoil following burning of
slashed vegetation.

* (¢) Indication of nutrient loss in the initial stage of the
Jhum cycle.

Materials and Methods

Description of the study area

The field experiment was conducted at the Soil Conserva-
tion and Watershed Management Research Cenler
(SCWMRC), Banderban, CHT, Bangladesh (Fig. 1}. Hill
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Figure I: Location and Contour Map of the Experimental Site.

lands occupy nearly 1.7 million hectares, i.e. 12% of the
total area of Bangladesh. These hills lie mainly in
Khagrachari, Rangamati and Banderban districts and partly
in Old Chittagong, Sylhet, Mymensingh and Comilla dis-
tricts. The hills of Bangladesh are part of Hindu Kush-

Himalayan mountain ecosystem and are considered to be-
long to the youngest mountain chains in the world. They are
composed of low-grade metamorphic and sedimentary
rocks ol Mio-Pliocene o Early Pleistocene age, aligned ap-
proximately North-Northwest to South-Southeast with
some transverse faults. Most of these hills are closely dis-
sected, mainly with steep to very steep slopes, ranging up to
an altitude of 1000 m. They consist of unconsolidated,
semi-consolidated and consolidated beds of sandstones,
siltstones, shales and some conglomerates, folded into a
succession of pitching anticlines and synclines (RSS Re-
portof CHT, 1975). As aresult of a high silica contentin the
prevailing geological material, the majority of the soils in
the region is inherently acidic and have rather low nutrient
status. The only macronutrient that is generally abundant is
potassium as a consequence of the dominance of mica min-
erals in the region (ICIMOD, 1998). The hilly regions of
Bangladesh receive the highest annual rainfall (2,500-
3,750 mm) in the country. Most of the rainwater drains out
of the hills through numerous creeks, streams and rivers.
Previously these hills were covered with dense tropical rain
forest.

Site selection, cultural practices, sample collection

The experimental site is situated on a closely dissected me-
dium high hill (150-180 m above MSL) and constitutes a
small watershed unit of about one ha. Average soil tempera-
ture within 100 m of the experimental site varied from 24.5
t034.8,22.91034.9, 22910 30.8 and 23.4 to 30.6 °C al the
soildepths of 5, 10, 30 and 50 cm respectively (3 years aver-
age recorded in 1997 to 1999).

Previously tribal farmers used this area for shifting culti-
vation with varying rotation periods of 10-15 years. Now
the rotation period has been reduced to 3-5 years. After the
last Jhum in 1993, the site was left fallow for 5 years and
was covered with secondary forest like shrubs, climbers,
thickets and grasses. In January 1998, profile samples were
collected from top, middle and lower slope (Fig. 1) of the
hill and analyzed for texture and nutrient status.

To assess the change in nutrient content in the topsoil by
slashing and burning, the surface soil was sampled two times,
one in middle of March 1999, immediately after slashing the
vegetation and the other in middle of April 1999, immedi-
ately after burning the in-situ slashed materials.

Inthe beginning of March 1999 a tribal family comprising
3 members was engaged to practice shifting cultivation on
the site following their traditional way of cultivation. They
were assured that they would not be influenced or biased to
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do anything beyond of their normal and traditional Jhum
practice. Close monitoring of all the tillage operations con-
ducted by the farmer family were recorded and taken into
account during the entire study period.

From the | ha catchment, 31 composite samples from the
depth of 0-10 ¢cm were collected following the contour lines
(Fig. 1). In a long dry spell of 7 months (October, 98 to
April, 99), the surface soil cracked down to ~10 cm. As-
suming that the fire will affect it and the ash will enter the
crack and influence the soil characteristic down to the bot-
tom of the crack, 0-10 cm sampling depth was chosen. From
each 25 cm x 25 cm sampling spot, topsoil from 3 to 4 spots
were collected in a bucket, pulverized and mixed thor-
oughly. During sampling, all the sampling sites were
marked with a recognizable earth mark so that the sites
could be easily identified even after burning the slashed
materials. Approximately 1 kg soil was collected from each
sampling site. As the site has a very complex sloping pattern
LB TIUn 20150 T0 aud tae sunis wi shanow 1o madar
ately deep in nature, sampling was performed following the
contour lines maintaining horizontal distance of 19-20 m
and vertical interval of 6-7 m.

On the upper, middle and lower parts of the slope, pits
were excavated, profiles described and soil samples col-
lected. Profile descriptions were made according to FAQ
(1990) guidelines. As the profiles were all very similar, ex-
cept for depth to parent rock, only one profile description is
presented here.

Description of the upper profile

Location: SCWMRC, Banderban (22°10° N, 92° 11" E).

Altitude: 176 m above MSL.

Landform: Closely dissected, medium and low hills.

Site: Upper part of rounded hill with 30-40 % slope.

Parent material; Tertiary shale.

Drainage: Well drained.

Land use: Fallowed Jhum (5 years) with secondary forest,
shrubs, climbers, thickets and grasses.

Soil classification: Typic Haplohumult (Soil Taxonomy),
Haplic Alisol (FAQ), Endoleptic Luvisol (WRB).

Comments: Worm casts and forest litter occurred on the

mineral soil surface. Partially weathered, broken rock frag-

ments were common throughout the profile but the amount

increases with depth. Almost unweathered shales and sand-

stone were present ata depth of 75 cm, which can be consid-

ered as the lithic contact of the profile.

A (0-3 cm): Very dark gray (10 YR 3/1) moist, clay loam;
weak fine and medium granular structure; sticky, plas-
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tic, friable moist, hard dry; many very fine to medium in-
terstitial pores; frequent fine to coarse roots; common,
medium and coarse, flat and angular, fresh or slightly
weathered rock fragments; irregular wavy boundary.

E (3-15cm): Dark yellowish brown (10 YR 4/4) moist; clay
loam; weak medium to coarse subangular blocky break-
ing easily to moderate fine and very fine angular blocky;
sticky, plastic, friable to firm moist; broken to continu-
ous, thin to moderately thick, dark grayish brown cutans
along the pores and root channels; many very fine to me-
dium interstitial pores; frequent fine to coarse roots;
common, medium and coarse, flat and angular, fresh or
slightly weathered rock fragments; clear smooth bound-
ary.

Bt (15-45 cm): Yellowish brown (10 YR 5/6) moist, clay;
weak medium to coarse subangular blocky breaking eas-
ily to moderate fine and very fine angular blocky; sticky,
plastic, friable to firm moist; broken, thin to moderately

T3 50D PR PO el ke Aitane alane tha aneac aed

cracks; many very fine to medium interstitial pores; fre-
quent fine to coarse roots; common hard brownish iron
oxide nodules; common, medium and coarse, flat and
angular, fresh or slightly weathered rock fragments;
clear smooth boundary.

C (45-75 ¢m):Yellowish brown (10 YR 5/6) moist, clay;
massive; sticky, plastic, friable to firm moist; no detect-
able cutans; common very fine to medium interstitial
pores; frequent fine to medium roots; common hard
black manganese oxide and few brownish iron oxide
nodules; common, medium and coarse, flat and angular,
fresh or slightly weathered rock fragments.

Runoff and rainfall gauging station

Anautomatic runoff gauging station, constructed with 90 V
notch, stilling tank and 4 m® sized upstream debris tank was
in operation at the site to monitor runoff and sediment loss
(Fig. 2). Runoff samples (known volume) were collected
during each rainfall event and were filtered for sediment
and water estimation. In the beginning of the monsoon
when the rain did not continue for a long time, the tank could
be emptied after every rainstorm. Afterwards, most of the
time the debris tank was full of runoff sediment and the sam-
ples were collected from the running water at the down-
strearn point of the notch. When runoff decreased, suspen-
sion in the debris tank was mixed thoroughly and the vol-
ume measured. From this composite suspension a known
volume was sub-sampled, and oven-dried at 105°C for dry
soil mass measurements. Part of the sub-samples was air-
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Figure 2: Design of the Gauging Station at the Jhnon Cultivared Site
in the Soil Censervation and Watershed Management Research Cen-
ire, Bonderban, Bangladesh,

dried, grounded, sieved through 2 mm sieve and used for
laboratory analyses. In this study, out of 174 runoff events
only 5 remarkable event samples were analyzed and com-
pared with the in-situ soil. Every (.2 mm rainfall was re-
corded by an automatic rain gauge installed at the study site.
Peak intensity (/) was determined from each 0.2
mm rainfall reading and converted to an hourly rate.

Chemical analyses

Soil samples from the soil profiles, topsoils collected before
and after burning and runoff sediment samples collected at
the gauging station were air-dried and sieved through a
2 mm sieve. Profile samples were analyzed for texture, pH,
total C and N, exchangeable basc and acidic cations and
CECatpH 7. Topsoils (0-10 cm taken before and after burn-
ing}) and runoff samples were analyzed for pH, total C and
N.exchangeable acidity, Ca, Mg and K and extractable P, S,
Cu, Fe, Mn and Zn.

Soil texture was determined by sieving and hydrometer
measurement after dispersion in sodium pyrophosphate,
pH 10.

Soil pH was determined in a 1:2.5 soil in 0.01 M CaCl,
suspension using Metrohm pH meter with a combination
glass electrode.

Total C was determined by a LECO C-200 Carbon
analyzer (Tabatabai and Bremmer, 1970).

Exchangeable acidity was measured by extraction with |
M KCland titration with 0.02 NaOH (Coleman et al.. 1959).
Exchangeable bases were extracted by one extraction with
I M ammonium acetate (NH,Ac) at pH 7. In the clear ex-
tract K and Na were determined by flame emission
spectroscopy (FES), while Ca and Mg were determined by
atomic absorption spectroscopy (AAS) after adding LaCl,
solution 1o the extract.

The effective cation exchange capacity (ECEC) was cal-
culated as the sum of NH,Ac extractable cations and | M
KCl extractable acidity.

For CEC measurement, the samples were percolated with
a solution containing 0.9 M sodium acetate and 0.1 M so-
dium chloride adjusted to pH 7.0, excess salt was removed
by washing with 96% ethanol and subsequently the
adsorbed sodium was exchanged by percolating with | M
NH,Ac (Van Reeuwijk, 1995). In the percolate, exchanged
sodium was quantified by FES.

Total N was determined by the Kjeldahl digestion, distil-
lation and titration with 0.05 M NaOH, Extractable P was
determined by the Bray and Kurtz method (Olsen and Dean.
1965). Available S (sulphate) was extracted by calcium
phosphate (Ca(H,PO,),) and measured by wurbidimetry in
the clear extract (Johnson and Fixen, 1990).

Coneentrations of Cu, Zn, Mn, and Fe were analyzed by
AAS after extracting the soil samples with DTPA (Martens
and Lindsay, 1990). All analyses were done in duplicate.

Results and Discussions

Soil characteristics and classification

Morphologically all the soil profiles look alike with similar
colours, lextures and horizon descriptions. The main differ-
ence between the three profiles is the depth to the parent
rock. The texture of the soils shows that the A and E hori-
zons are clay loams or sandy clay loams, while the B and C
horizons are clays (Table 1). The clay enrichment of the B
horizons fulfills the requirements for an argillic horizon.
The pH is low in all horizons with a slight decrease from
upper to lower soil layer. The somewhat higher pH in the A
horizons undoubtedly results from base cation uptake by
the vegetation (pumping) and released through burning.
The burning is probably also responsible for the rather weak
structure in the A horizons, despite their appreciable con-
tents of organic carbon (Table 1). The C/N ratios
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Table I: Texture and chemical composition of the soil samples collected from shifting cultivation in the Chittagong Hill Tracts, Bangladesh.

Harizon/ Clay(%) Silt(%) Fine Sand(%) C.Sand{%) pH TowlC TotalN Exchangeable Cation {cmol(+) kg ')

Depth{cm) <2um 2-50pm 50.250pum »250p CaCly % % Ca Mg K Na ECEC CEC{pH7.0)
Profile 1: Upper part of hill

A[0-3) 39 29 H 30 53 330 0.26 9.72 16 1.00 0.06 13.94 17.86
E(3-15) 36 30 3 31 4.4 1.46 0.16 373 235 019 0.04 629 13.50
Bi(15-15) 50 26 3 2 4.2 1.03 0.13 216 210 0.16 0.04 4.56 1220
C(45-15) 42 29 E] 15 4.1 0.55 0.09 1.21 0.85 013 0.06 138 1292
Profile 2: Middle part of hill

A{0-4) 16 13 2 29 48 272 022 4.73 2.83 0.86 0.03 846 16.14
E(4-16) 33 33 2 27 4.3 1.97 0.17 313 1.88 040 0.03 5.48 13.15
Bi{16-47) ] 29 2 18 4.1 112 0.12 1.67 1.17 024 0.05 325 12.74
CI{47-75) 49 33 3 14 4.0 0.78 0.11 0.93 0.72 018 0.03 203 12.53
C2(75-100) 41 41 & 11 4.0 0.56 010 0.90 0.84 017 003 213 1293
Profile 3: Lower part of hill

A{0-d) 7 36 2 24 4.9 332 0.29 5.62 3.30 0.79 0.03 9.74 16.57
E(4-15) 31 45 k] 21 4.3 1.47 0.16 a2 2,06 0.40 0.05 567 14.14
Bt(15-33) 50 34 3 13 4.1 1.03 0.14 213 1.56 0.24 0.05 4.10 14.51
C(33-35) 49 315 3 13 4.1 0.87 0.13 1.52 1.21 0.20 0.03 3.12 15.7%

are about 10, indicating favorable conditions for organic
matter mineralization and good availability of released N.
The content of exchangeable
fand available) Ca. Me and K is fairlv high especiallv in the
A horizons, while exchangeable Na is low suggesting
favorable plant growth conditions. Accordingly, the sum of
base cations is seen to almost equal ECEC indicating low
amounts of exchangeable Al

Like pH, the base saturation (the percentage of base cati-
ons to CEC at pH 7) is seen to decrease with increasing soil
depth leading to a base saturation of less than 50% in the Bt
and C horizens. Consequently, the soils will be Ultisols ac-
cording to the Soil Taxonomy system (Soil Survey Staff,
1997). At the subgroup level they key out as Typic
Haplohumults. Allocation into the FAO-Unesco system
(FAOQ-UNESCO, 1990) leads to Alisols as CEC at pH 7
of the Bt clay fraction exceeds 24 cmol(+) kg™' (e.g.
12.20%100/50 = 24.4 cmol(+) kg'! in the upper profile).
Moreover, with ochric epipedons the soils are Haplic
Alisols at the soil unit level of the FAO-Unesco system. A
low Al saturation and hence absence of so-called alic prop-
erties, the soils will not be Alisols in the recently launched,
WRB system (ISSS-ISRIC-FAQ, 1998), but they key out as
Luvisols. At the second level they are Endoleptic Luvisols
in the WRB system as they have hard rock between 50 and
100 em from the soil surface.

Effects on muritional status

Due to strong alkalinity of ashes (Armando et al., 1996),
burning increased soil pH significantly at 5% level, whereas
in the runoff samples the increase was significant at 1%
level (Table 2). Runoff samples have more than one unit
higher pH values than the source material. The amount and
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magnitude of change in soil chemical properties are influ-
enced by the chemical composition of the ash and the min-
eralogy of the soil. In strongly acidic soils, input of large
amounts of alkali and base cations (Ca, Mg, K) from ash can
cause significant increase of pH and ECEC. However, as
leaching and crop harvest removal take place during the
subsequent cropping cycles, the soil will become acidified
again because of the loss of the base cations from the soil
exchange complex. Such pH reversion may also take place
during the fallow phase when a major portion of the ex-
changeable bases are being taken up by the fallow vegeta-
tion (Juo and Manu, 1996).

The content of total carbon and nitrogen decreased sig-
nificantly after burning which is in agreement with results
of many other investigations (Ewel et al., 1981; Andriesse
and Schelhaas, 1987; Holscher et al., 1997; Brand and
Pfund, 1998). In an experiment with burning rice straw,
Nagarajah and Amarisiri (1977) found that 700° C tempera-
ture was reached at the surface and 300-400 C in the centre
of the heap, causing losses of 93% of N and 20% of K. With
increasing temperatures, C disappears faster than N
(Andriesse and Schelhaas, 1987). Brand and Pfund (1998)
recorded a loss of 98% C and 95% N through slash-and-
burn of a 5-year old fallow.

Remarkable increases in exchangeable base cations after
burning were recorded in the study (Table 2). The increases
in Ca, Mg and K after burning were equivalent to approxi-
mately 234, 55 and 20 kg ha-!, respectively (bulk density =
1.15 ton m~3 for the 0-10 ¢m layer), which is in agreement
with the results of Salacedo et al. (1997). Such increases in
the base cations are definitely an advantage if the fertility
could be retained in the in-situ soils.

An important observation in this study regarding the re-



moval or addition of nutrients following slash-and-burn
was, however, that runoff resulted in a lowering of most
nutrients which were justincreased by fire and ash addition.
It became clear when the nutrient stock of the source mate-
rial (before burning samples) was compared with that after-
burning and with runoff samples. Table 2 shows that Ca.
Mgand Kwere4.31,2.04and 0.42 cmol{(+) kg inthe alter-
burning sample and 7.87, 2.70 and (.85 cmol(+) kg'! in the
runolf samples compared to 3.29, 1.80 and 0.34 cmol{+)
kg'! respectively in the source material. This shows that any
soil gains of these nutrients from burning are severely re-
duced by the runoff.

The data indicated that exchangeable acidity, i.e. mainly
exchangeable Al, was reduced markedly with the signili-
cant increase of all the exchangeable cations (Table 2). The
initial decrease of exchangeable Al might have beneficial
effect on plant growth. These beneficial effects for crop
growth have been well established by Nye and Greenland
(1960), Seubert et al. (1977), Stromgaard (1984) and
Andriesse and Schelhaas (1987).

The proportion of exchangeable Al to total cations (Al
saturation) is considered a better parameter than exchange-
abie Al conceniration o indicaie ihe poteniial ioxicity ol Al
to plants (Lopes and Cox, 1977). In this study Al saturation
was 22% (Ex.Acidity.* 100/ECEC) in the source material,
which decreased to 16% after burning. This value can be
considered suitable for most crops as the critical level of Al
saturation is 20-40% for most crops (Marschner, 1993).

Phosphorus is frequently limiting for crop production in
tropical upland agroecosystems (Sanchez, 1976). Accord-
ing to Olsen and Dean (1965) a phosphorus content of less
than 3 mg kg'! determined by the Bray and Kurlz method is
very low. Therefore, as available P is only about 1 mg kg'!
(Table 3), the content of available phosphorous in the soils
studied is very low and the content becomes even lower af-
ter burning. Available phosphorus decreased significantly

(25%) alter burning, while it showed remarkable increase
of about 228% in the runoff samples. Continued losses of
phosphorous in runoff water will of course increase the
phosphorous deficiency problem of these soils. Available
sulphur increased significantly in the after-burn soil (24%)
but decreased dramatically in the runoff samples (23%).
Due o large variability between samples, this decrease is,
however, not significant (Table 3). Although the content in-
creases to 8.1 mg kg! after burning, available sulphur in
these soils is rather low as compared with the critical level
of 10 mg kg-! (Johnson and Fixen, 1990).

The extractability, and hence critical level of the
micronutrients. copper. iron. manganese and zine is
strongly dependent on the method of extraction (and soil
type) bul for the DTPA method used, the critical levels can
be approximated as follows: | mg Cukg!, SmgFekg', 0.5
mg Mn kg! and 0.5 mg Zn kg-! (Martens and Lindsay,
1990). A comparison between these figures and those in
Table 3 shows that the Fe and Mn contents of the soil inves-
tigated are well above the critical limits, while the Cu and
Zn contents are at or close to the critical levels. Continued
removal of these micronutrients in runoff water will inevi-
tably induce micronuiritional deficiency as the runoil sedi-
ment is enriched in these elements (Table 3).

Rainfall and runoff

Runoff and soil loss monitoring started just after the onset
of rain, which occurred on 5th May 1999, about 20 days al-
ter burning the slashed material. Sowing of seeds was com-
pleted on the 5th of June 1999. Before the emergence of the
crops, i.e. until 15th June 1999, the areareceived 707 mm of
rain, of which 12% of the rainwaler (84 mm) was lost as sur-
face runoff, eroding 2.7 ton ha'! soil from the catchment.
Throughout this period the hill slope was bare, being cov-
ered by sparsely emerging weeds and new seedlings and
was therefore very susceptible to water erosion. This condi-

Table2: Total C and N, pH and exchangealle cations of the soil material before burning (n=231), after burning (n=31] and in runoff sainples
(n=5). In paremthesis the numbers are kg ha ’ﬁ)r the 1op 10 em soif having a bulk density of 1.15 Mg m,

Parameterfireatment Depth pH Total C Total ¥ Ex. Aci. Ca Mg K ECEC
(em) (%) %) {emol kg™)

Before burning (n=31) 0-10 516 2.31(26565)  00B(2063) LSI(158) 3.29(75T) 1.80 (414) 0,34 (78)

After burning (a=31) 0-10 531 219 (25185) 0.06(1892)  L25(12%9) 4.31{¥D) 2.04 (469) 0.42 {98) g2

Runoff Sample (n=5) Composite 6,26 n.m. n.m, n.m. T.AT 27 0.835 -

Change after burning (% and significance) * 5 B -13 * 31 13+ 2% 15

Enrichment ratio afier burning 1,03 0,95 0,92 082 1.31 113 1.26 1.15

Change in runofT sediment (3% and significance) L - - - 139+ 50 152 % -

Enrichment eatio in runofT sediment 1.21 - 239 1.50 1.52 -

n.m.: not measured
*P<OO5 **P<00)
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Table3: Plant available phosphorus, sulphur and micronutrients of the soil material before burning (n=31), after burning (n=31) and in run-
off samples (n=3). In parenthesis the munbers are kg ha'! for the top 10 cm soil having a bulk density of 115 Mg 3.

Parameter/treatment Depth p 5 Cu Fe Mn Zn
{cm) (mgkeg')
Before buming (n=31) 0-10 L1(L.3) 6.5(1.5) 1.08 (1.24) 77(89) 3IT(43) L14(1.31)
After burning (=31) 0-10 08(0.9)  8.1(23)  102(L17)  93(107) 49 (56 1.24(143)
Runoff Sample (n=35) Composite 36 50 1.35 172 156 1.66
Change afler buming (% and significance) -25% 24 % -6. NS 20 x> 3* g *
Enrichment ratio afier bumning 0.8 1.2 0.9 1.2 13 1.1
Change in runoff sediment (%2 and significance) 228 NS -23 NS 25 NS 123 # 319 46 NS
Enrichment ratio in runoff sediment 33 03 1.2 2.2 42 1.5
NS: non significant. *: P < 0.05; **: P <0.01; ***: P <0.001
tion prevailed until the crop cover was well established.  Conclusions

Until 10th August 1999, out of 2121 mm rainfall, 602 mm
or 29% was removed by runoff, Within this period the site
experienced 39 ton ha-' soil loss. Although the time period
covers only a quarter of a year, more than two thirds of the
alidndidcd PIL\.JPIL‘JLLUHA I Tkl v \JLIIillE [NETIS) |J\.-l Ui, l [ FLSTR "y
fore, the annual soil loss will not much exceed the measured
39ton ha'l.

From the analytical results of the runoff samples (Tables 2
and 3) it is clear that the materials washed out from the
catchment were richer in almost all plant nutrients than the
soil from which they were originally derived. Since 39 ton
ha'! of soil material is removed in runoff water by about 2/3
of the annual precipitation, lower limits for the removal of
nutrients can be estimated by multiplying the soil loss with
the nutrient content of the runoff sediments. Accordingly,
the annual losses per ha are at least: 61 kg Ca, 13 kg Mg, 13
kg K, 0.14 kg P, 0.20 kg S, 0.05 kg Cu, 6.7 kg Fe, 6.1 kg
Mn and 0.065 kg Zn corresponding to 8% Ca, 3% Mg, 17% K,
119 P, 27% 8§, 4% Cu, 8% Fe, 14% Mn and 5% Zn of the
nutrient content before burning. A comparison between
these losses and the gains following burning shown in Ta-
bles 2 and 3 suggests that except for Cu and P the increases
of the nutrients in the top 10 cm of the soil following burn-
ing exceed the runoff losses. On the other hand, the calcu-
lated losses are annual minimum values and do not account
for losses by runoff and crop removal in the following years
before the next burning. In the nearby catchment, having
similar landscape under 5 years fallowed Jhum, approxi-
mately 10 ton ha! of nutrient-enriched sediment was re-
moved by runoff during the same time period (Gafur, un-
published results). Moreover. the runoff losses of Cu and P,
although small, seem crucial, because the contents of these
essential nutrients were very low before burning and de-
creased even further after burning.
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Shifting cultivation as practiced in the Chittagong Hill
Tracts of Bangladesh was found to have a serious impact on
the plant nutritional status of the soil. The burning caused
LU LA MUSHTD Ly Ly, r UL LU LHIE DUrLn, W Gy LI
content of other plant nutrients (Ca, Mg, K, Fe, Mn and Zn)
present as ash components increased. Increased amounts of
base cations resulted in pH increase and exchangeable Al
decreases after burning. As a result of severe runoff from
the bare soil after burning, substantial amounts of the nutri-
ents gained were lost by runoff. Thus, after having received
about 2/3 of mean annual precipitation in one year, up to
27% of the nutrient content in the upper 10 cm of soil was
lost along with 39 ton ha-1 of soil material. The loss of Cu
and P by erosion is important as the contents of these nutri-
ents were very low before burning and were even reduced
by the burning. Although the short time period of less than
one season places limitation on the present investigation,
the results indicate that traditional slash-and-burn with a
short fallow period may cause severe degradation of the soil
in the region.
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Table3: Plant available phosphorus, sulphur and micronutrients of the soil material before burning (n=31), after burning (n=31) and in run-
off samples (n=3). In parenthesis the munbers are kg ha'! for the top 10 cm soil having a bulk density of 115 Mg 3.

Parameter/treatment Depth p 5 Cu Fe Mn Zn
{cm) (mgkeg')
Before buming (n=31) 0-10 L1(L.3) 6.5(1.5) 1.08 (1.24) 77(89) 3IT(43) L14(1.31)
After burning (=31) 0-10 08(0.9)  8.1(23)  102(L17)  93(107) 49 (56 1.24(143)
Runoff Sample (n=35) Composite 36 50 1.35 172 156 1.66
Change afler buming (% and significance) -25% 24 % -6. NS 20 x> 3* g *
Enrichment ratio afier bumning 0.8 1.2 0.9 1.2 13 1.1
Change in runoff sediment (%2 and significance) 228 NS -23 NS 25 NS 123 # 319 46 NS
Enrichment ratio in runoff sediment 33 03 1.2 2.2 42 1.5
NS: non significant. *: P < 0.05; **: P <0.01; ***: P <0.001
tion prevailed until the crop cover was well established.  Conclusions

Until 10th August 1999, out of 2121 mm rainfall, 602 mm
or 29% was removed by runoff, Within this period the site
experienced 39 ton ha-' soil loss. Although the time period
covers only a quarter of a year, more than two thirds of the
alidndidcd PIL\.JPIL‘JLLUHA I Tkl v \JLIIillE [NETIS) |J\.-l Ui, l [ FLSTR "y
fore, the annual soil loss will not much exceed the measured
39ton ha'l.

From the analytical results of the runoff samples (Tables 2
and 3) it is clear that the materials washed out from the
catchment were richer in almost all plant nutrients than the
soil from which they were originally derived. Since 39 ton
ha'! of soil material is removed in runoff water by about 2/3
of the annual precipitation, lower limits for the removal of
nutrients can be estimated by multiplying the soil loss with
the nutrient content of the runoff sediments. Accordingly,
the annual losses per ha are at least: 61 kg Ca, 13 kg Mg, 13
kg K, 0.14 kg P, 0.20 kg S, 0.05 kg Cu, 6.7 kg Fe, 6.1 kg
Mn and 0.065 kg Zn corresponding to 8% Ca, 3% Mg, 17% K,
119 P, 27% 8§, 4% Cu, 8% Fe, 14% Mn and 5% Zn of the
nutrient content before burning. A comparison between
these losses and the gains following burning shown in Ta-
bles 2 and 3 suggests that except for Cu and P the increases
of the nutrients in the top 10 cm of the soil following burn-
ing exceed the runoff losses. On the other hand, the calcu-
lated losses are annual minimum values and do not account
for losses by runoff and crop removal in the following years
before the next burning. In the nearby catchment, having
similar landscape under 5 years fallowed Jhum, approxi-
mately 10 ton ha! of nutrient-enriched sediment was re-
moved by runoff during the same time period (Gafur, un-
published results). Moreover. the runoff losses of Cu and P,
although small, seem crucial, because the contents of these
essential nutrients were very low before burning and de-
creased even further after burning.
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Shifting cultivation as practiced in the Chittagong Hill
Tracts of Bangladesh was found to have a serious impact on
the plant nutritional status of the soil. The burning caused
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content of other plant nutrients (Ca, Mg, K, Fe, Mn and Zn)
present as ash components increased. Increased amounts of
base cations resulted in pH increase and exchangeable Al
decreases after burning. As a result of severe runoff from
the bare soil after burning, substantial amounts of the nutri-
ents gained were lost by runoff. Thus, after having received
about 2/3 of mean annual precipitation in one year, up to
27% of the nutrient content in the upper 10 cm of soil was
lost along with 39 ton ha-1 of soil material. The loss of Cu
and P by erosion is important as the contents of these nutri-
ents were very low before burning and were even reduced
by the burning. Although the short time period of less than
one season places limitation on the present investigation,
the results indicate that traditional slash-and-burn with a
short fallow period may cause severe degradation of the soil
in the region.
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