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 TÓM TẮT 
Phân tích cân bằng dinh dưỡng đóng vai trò quan trọng trong xác định mức độ bền vững của hệ 

thống canh tác. Bài báo đã phân tích cân bằng dinh dưỡng N, P, K  trên nương rẫy, ruộng lúa nước và 
rừng thứ sinh trong thời gian 5 năm ở miền Bắc Việt Nam. Sau khi đốt nương bỏ hóa, chỉ một lượng 
nhỏ dinh dưỡng nhất định được chuyển hóa từ tro và các vật liệu từ thực vật chưa được đốt và phần 
bị mất là rất lớn so với các chất dinh dưỡng chứa trong sinh khối thực vật khi không bị đốt. Cân bằng 
dinh dưỡng hàng năm đối với N, P, K tổng số ở các thí nghiệm mang giá trị âm trong suốt chu kỳ 
canh tác, trong khi ở rừng thứ sinh lượng N và P có giá trị dương. Các nhân tố chính làm chất dinh 
dưỡng bị mất là do xói mòn trong quá trình canh tác và do dòng chảy mặt trong thời gian bỏ hóa. 
Phân tích đất cho thấy, hàm lượng N phục hồi một phần trong suốt thời gian bỏ hóa. Ước tính rằng sẽ 
cần đến 30 - 40 năm bỏ hoá để khôi phục lại lượng N. Với chu kỳ bỏ hóa hiện tại bị rút ngắn (khoảng 4 
- 6 năm), cân bằng dinh dưỡng mang trị số âm và xói mòn đất gây ra mối đe dọa nghiêm trọng đến 
tính bền vững của hệ thống canh tác nương rẫy. Đối với ruộng lúa nước, cân bằng dinh dưỡng của N 
và P có giá trị dương, còn K mang giá trị âm.   

Từ khoá: Canh tác nương rẫy, dòng chảy mặt, lắng đọng, mất chất dinh dưỡng, xói mòn, Việt Nam. 

SUMMARY 
Nutrient balance analysis plays an important role in examining sustainability of farming system. 

This paper analyzed partial N, P, K nutrient balances in the period of five years in upland fields, paddy 
rice fields, and a secondary forest in slash and burn agriculture in Tat hamlet, Northern Vietnam. 
Burning of a fallow plot resulted in only moderate nutrient recycling via ashes and unburned plant 
materials, and large amount of the nutrients are lost compared to nutrients contained in plant biomass 
if the plot is not burnt. Yearly nutrient balances in the experimental upland fields were negative for 
total N, P, and K during the cropping period but on average positive for N and P in the secondary 
forest. The main pathway of total nutrient losses was erosion during cropping cycles, and run-off 
during fallow periods. Soil analysis confirmed N contents with increasing cropping cycles and partial 
recovery during fallow phases. It was estimated that fallows lasting up to 30 - 40 (incl. recovery of N 
losses from burning) years would be needed to restore N. With current fallow periods being mostly 
substantially shorter (about 4-6 years) the negative nutrient balances and soil erosion pose a serious 
threat to long-term sustainability of these upland fields. For paddy rice fields, early nutrient balances 
for N and P are positive while K balances were negative.  

Keywords: Deposition, nutrient loss, run-off, slash and burn agriculture, soil erosion, Vietnam. 

1. INTRODUCTION  

Analysis of soil nutrient balance has been widely 
used as a tool for assessing agroecosystem 

sustainability (Patanothai, 1996; Patanothai, 1998; 
Smaling et al., 1999). Nutrient balance is the 
difference between the sum of nutrient inputs and 
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nutrient outputs in a given system. This paper presents 
some of the findings of the long-term study of nutrient 
balances in swidden and paddy fields in Tat hamlet. 
Analysis of nutrient balances is an operationally 
feasible method for empirically measuring the 
sustainability of farming systems (Patanothai, 1998), 
including the composite swidden system (Tran Duc 
Vien, 1998; Tran Duc Vien et al., 2004). 

The central hypothesis of this research is that 
the farmers of Tat hamlet manage the swidden and 
paddy field subsystems of their composite swidden 
agroecosystem in ways that maintain a balance of 
soil nutrients in each subsystem. In the case of the 
paddy fields, a positive nutrient balance is probably 
maintained over the course of each annual cropping 
cycle with nutrient inputs equal to nutrient outputs 
for each crop. In the case of the swiddens, the 
question is much more complex and must be 
studied over the duration of the entire multi-year 
cycle of cultivation and fallowing.  

The sustainability of the land use system as a 
whole very much depends on existence of strong 
positive functional linkages between the swiddens 
and wet rice field subsystems (Rambo, 1998). Run-
off water from the hill slope swiddens carries 
nutrients into the paddy fields and livestock grazed 

in the fallow swiddens provide manure that is used 
to fertilize the paddy fields. Developing a better 
understanding of these functional linkages among 
key sub-systems in the composite swiddening 
agroecosystem was one of the key objectives of this 
research project. This study was designed to 
measure nutrient balances of each of the two key 
subsystems over the full rotational cycle of 
cultivation. This paper presents the results of 
nutrient balance analyses of the swidden and paddy 
subsystems based on data collected over five years 
covering the cropping period in the rotational 
swidden cycle.  

2. STUDY SITE, METHODOLOGY 
2.1. Study site 

The research was conducted in Tat hamlet, 
Tan Minh commune, Da Bac district, Hoa Binh 
province in where Tay Da Bac ethnic group lives 
and their farming system is characterized by 
composite swiddening. In order to collect nutrient 
flow data in a controlled fashion, a 3.54 ha 
experimental site was established in a small 
watershed at east longitude: 105 degrees 11' 92" 
and north latitude: 20 degrees 32’82’’N (Figure 1). 

 
  Figure 1. Map of the experimental site in Tat hamlet  
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Table 1. Cropping sequences of the upland experimental plots from 1999 to 2004 

Year Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 

1999 SF SF SF SF SF SF SF SF SF 
2000 Rice Rice Rice Rice Rice Rice SF SF SF 

2001 
Rice+ 
Melia 

Tea Fallow 
Rice+ 
Melia 

Rice+ 
Melia 

Cassava Cassava SF SF SF 

2002 
Cassava+ 
Melia 

Tea Fallow 
Cassava+ 
Melia 

Cassava+ 
Melia 

Cassava+ 
Melia 

Fallow SF SF SF 

2003 
Cassava+ 
Melia 

Tall grass 
Cassava+ 
Melia+ 
Styrax 

Cassava+ 
Melia+ 
Styrax 

Cassava+ 
Melia 

Fallow SF SF SF 

2004 
Melia + 
Palm 

Tall grass 
Melia+ 
Styrax 

Melia+ 
Styrax 

Melia+ 
Styrax 

Fallow SF SF SF 

Key: SF = Secondary forest; Melia= Melia azedarach; Styrax= Styrax tonkinensis; Palm= Livistona saribus;  
                Tea fallow = Thea chinensis  

Of the total area, 3.23 ha are hill slopes and 
the remaining 0.31 ha is paddy fields. The site was 
intentionally selected to have both upland fields on 
the hillside with secondary forest at the stage that 
was ready to be cleared for swidden cropping and 
paddy fields directly below at the foot of the hill. 
The hillside has an average slope of between 29.3 
and 36.4 degrees.  

2.2. Methodology 
Soil samples were taken from different spots 

both in the hill slope and in the paddy fields. 
Information on the vegetation communities found 
on the upland study site was obtained from a 
vegetation map with a scale of 1:500 (Le Tran 
Chan and Ngo The An 2000). Ten experimental 
plots were established in 1999 with three patterns 
of land use: (a) forest (bamboo and trees) on the top 
of the slope, and (b) swidden crops, i.e., upland 
rice, cassava, and fallow, on the middle slope, and 
(c) wet rice in the paddy field in the valley at the 
base of the hill slope (Figure 1). Of the ten study 
plots, nine were in the uplands and one was in the 
lowlands. Six upland plots were for swidden land 
use (Plots 1-6), and three for forest land use (Plots 
7-9). The single lowland plot was for paddy land 
use (Plot 10). The forest and swidden plots were 5 
m x 20 m, with the long dimension running up and 
down the slope. The size of the paddy plot was 
about 1,000 m2, covering 3 paddy terraces. The 
copping sequences of the ten study plots are 
presented in the table 1. The research group 
conducted experiments to measure nutrient inputs, 
including nutrient from rain, dust, planting 
material, chemical fertilizers, manure, and surface 

inflow from the upland field to the paddy field. 
Moreover, nutrient outputs were surveyed, 
including nutrient from harvested products, nutrient 
loss from burning crop residues and weeds, 
leaching, surface water outflow, herbivores, erosion 
and runoff, burning of forest biomass in the 
swidden field. The samples of soil, water and plants 
were sent for analysis at the JICA laboratory of 
Hanoi University of Agriculture.  

Yearly balances of N, P, and K were 
calculated for each experimental plot as the 
differences between nutrient inputs and outputs. 
Balances for swidden and paddy fields with 
successive years of cropping were combined to get 
the estimates of nutrient losses for the entire 5-year 
period of cropping. 

Regeneration of soil fertility in swidden systems 
was also estimated based on balances of available 
nutrients and on soil organic matter regeneration. 
The contribution of biomass accumulated in the 
fallow vegetation to the replenishment of nutrients 
in the swidden field after it is cut and burned before 
the next cycle of crop cultivation was also 
evaluated. 

3. RESULTS AND DISCUSSIONS 
3.1. Rainfall characteristics at experimental site 

Cumulative annual rainfall at the experimental 
site amounted to 2547, 2163, 2048 and 2020 mm in 
2001, 2002, 2003 and 2004 respectively. In 2000 
rainfall measurements were only started in May 
with 1,756 mm recorded to the end of the year. The 
twenty-year rainfall average in the area (Hoa Binh 
provincial weather station) was 1,825 mm between 
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1978 and 1998, with a maximum rainfall recorded 
in 1996 of 2,380 mm and a minimum of 1,085 mm 
in 1991. Thus, rainfall during the experimental 
phase was well above long-term average rainfall 
and in 2001 it even exceeded the maximum annual 
rainfall recorded during the previous twenty years 
by 167 mm.  

Analysis of rainfall during the rainy season 
confirms that rainfall during the experimental period 
was consistently higher than 20-year average. In 
particular, rainfall during the rainy season of 2001 
was 665 mm higher than the long-term average 
suggesting that associated erosion/run-off events 
measured in 2001 represent upper values for this 
region. After 2001 rainy season rainfall declined 
continuously and reached a value similar to the one 
of the long-term average in 2004. 

For assessing erosion and run-off risk, total 
rainfall is not necessarily relevant but rainfall 
intensity is. Thus rainfall data were clustered into 
different rainfall intensity groups. In 43-47% of the 
cases daily rainfall was greater than 10 mm per day 
and in 12-21% it was greater than 30 mm/day 
during the experimental years. The maximum daily 
rainfall recorded was 211 mm on September 11, 
2000; 113 mm on July 22, 2001; 80 mm on October 
23, 2002; 131 mm on September 10 in 2003 and 
107 mm on July 23, 2004. Daily rainfall events 
greater than 30 mm/day were recorded on 13, 26, 
21, 20 and 24 days in 2000, 2001, 2002, 2003 and 
2004 respectively distributed between May and 
October. 

Run-off and erosion from sloping swidden soil 
 

surfaces are more likely to be closely correlated 
with the critical rainfall (I30), which is defined as 
the amount of rainfall with duration of 30 minutes 
or more, than with total rainfall. Daily rainfall 
greater than 30 mm/day and lasting longer than 30 
minutes was recorded on 6 days in 2001, 2002 and 
2003 and on 7 days in 2004. 

3.2. Run-off from swidden plots 
Discharge of water from the erosion plots 

varied largely between years and treatments. A 
substantial amount of variation was accounted for, 
by the variation in yearly wet season rainfall 
(y=0.84x – 825, R2 0.9). However, there were even 
more pronounced effects of cropping patterns on 
run-off. For example, in 2002, average run-off from 
the secondary forest was 493 mm (plots 7-9) while 
average run-off from upland rice fields (plots 1-6) 
amounted to 667 mm (Figure 2).  

Variation in discharge between the different 
swidden rice plots in 2000 was relatively modest 
with an average of 667 ± 51 mm. Also, no 
significant variation between different cropping 
systems in the same year was observed. For 
example in 2001, run-off from upland rice fields 
(plots 1, 3 and 4) averaged 1150 mm while that 
from cassava fields (plots 5+6) averaged 1080 mm. 
Thus, variations in run-off between land use 
systems were largely due to differences between 
fallow/secondary forest plots and cultivated plots. 
In 2002, yearly run-off from cassava, fallow and 
secondary forest, were 765 mm, 655 mm and 406 
mm, respectively. 
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Figure 2. Cumulative yearly amounts of rainfall lost in run-off from the different erosion plots  
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Figure 3. Yearly erosion from upland plots under different land uses 

3.3. Erosion from swidden fields 
The amount of soil eroded from different plots 

has been continuously measured since the 
beginning of the 2000 rainy season. Figure 3 shows 
the amount of soil erosion on different days in 
2003. Erosion events occurred, scattered 
throughout May to September. Analyzing the 
monthly distribution of soil loss showed that for 
upland rice plots highest soil losses occurred early 
in the rainy season after planting, i.e., in June and 
July with 11.5 and 9.9 tons/ha/month. The 
relationship between rainfall and soil erosion, 
although positive, was not as strong as for runoff. 
This was probably mainly due to the fact that 
erosion depended much more on larger storm 
events. Preliminary examination suggested that 
significant erosion occurred only with rainfall 
events >30-40 mm/day. 

Soil loss through erosion was strongly related 
to land use management, probably relating to plant 
cover and tillage events. Forest land use had the 
lowest annual soil loss (Figure 3). For instance, in 
2000, average soil loss from upland rice was 13 
tons/ha, which was much higher than soil loss from 
secondary forest of only 2.9 tons/ha. Erosion in 
secondary forest plots declined further in 
subsequent years suggesting that the higher erosion 
in year 1 was probably induced by disturbance 
during the setting up of the erosion plots.  

In contrast to run-off data, large variations in 
soil loss occurred in the same cropping systems. 
For example in 2000, erosion losses from swidden 
rice plots varied by as much as 12 tons/ha, i.e., 
from 8-20 tons/ha. The reason for this difference is 
not fully understood. The greater amount of erosion 

in plots 5 and 6 could be due to their location on 
steeper slopes (36o) higher in the experimental site 
compared to 29o for lower erosion plots. 

In 2001 there were some changes in plot 
cultivation. Plots 1 and 3 remained under upland 
rice, while plots 4, 5, and 6 were changed from rice 
to cassava in February 2001 and plot 2 was 
abandoned and left to fallow. These modifications 
in land use led to significant changes in soil 
erosion, e.g., erosion on the plot left fallow (plot 2) 
dropped immediately to very low levels similar to 
secondary forest. Similarly, abandoning plot 6 in 
2002 immediately reduced erosion from 29 
tons/ha/year to 1 ton/ha/year (Figure 3). 

There was also an apparent small decline in 
erosion when switching from rice to cassava, e.g., 
in 2001, average erosion in rice plots amounted to 
30 tons/ha/year while the corresponding value for 
cassava plots was 26 tons/ha/year. This could be 
attributed to the longer and earlier soil cover 
provided by cassava plants. However, given the 
large variability of erosion in the different cassava 
plots in 2001, it cannot be concluded from the data 
available that there is a general reduction in erosion 
with cassava compared to rice cultivation. 
Although there was a further general reduction in 
erosion events in 2002/03 in cassava fields 
compared to the rice data in 2000/01, these data 
cannot be directly compared due to the large 
variation in rainfall patterns between years. Erosion 
from cassava plots might also be reduced by 
interplanting trees (Nguyen Hue and Thai Phien, 
2005), such as the planting of Melia and Styrax in 
some of the plots. However, again their impact 
cannot be quantified due to the variable rains 
between years.  
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Table 2. Nutrient losses by erosion, run-off and leaching in the upland fields 

Total nutrient loss (kg/ha) Available nutrient loss (kg/ha) 
Land use 

N P K N P K 

Upland rice 2000 31.9 3.7 298.4 10.8 1.2 111.6 

Forest 2000 12.4 2.4 127.1 6.7 1.7 73.4 

Upland rice 2001 88.4 9.2 718.0 18.8 1.8 64.0 

Cassava 2001 72.7 9.2 613.1 17.9 1.7 58.7 

Fallow 2001 40.0 4.8 119.3 16.6 1.6 56.0 

Forest 2001 23.2 2.7 80.9 11.6 1.5 57.3 

Cassava 2002 42.2 3.0 265.7 27.7 3.2 55.9 

Fallow 2002 28.7 3.1 55.0 18.5 1.5 43.2 

Forest 2002 31.5 3.1 31.4 23.7 1.5 27.2 

Cassava 2003 43.8 12.4 267.1 18.4 4.9 53.6 

Fallow 2003 27.2 6.3 66.6 14.7 4.9 39.5 

Forest 2003 31.6 4.1 41.4 13.0 2.9 34.2 

Fallow (2 yr.) 2004 16.2 1.3 38.0 7.7 0.7 35.6 

Fallow (4 yr.) 2004 13.1 1.0 30.9 6.8 0.5 27.4 

Forest 2004 9.6 1.1 13.1 6.4 0.8 11.9 

 
During the first year after burning, the soil 

surface had a high density of plant roots and stumps 
and this may have helped to hold the soil together 
and reduce erosion. Additionally, water infiltration 
capacity may have been improved by the previous 
perennial vegetation, with old tree root channels 
inducing preferential flow, thus further reducing the 
potential for run-off (Van Noordwijk et al., 1991). 
However, by the second year, the tree plant roots 
and stumps had largely disappeared and were no 
longer able to protect the soil from the effects of 
large rain events. Erosion and run-off were smaller 
in the year when the plot was cut and burned in 
2000 than in 2001, potentially supporting these 
hypotheses. However, due to the large increase in 
rainfall between years in 2001, a direct relationship 
between soil roots and surface status and erosion 
cannot be drawn in this case.  

Loss of nutrients from upland fields 
The amount of nutrients lost through erosion, 

surface run-off and leaching from the upland plots 
changed according to land use. Total nutrient 
losses, as well as plant available N, P and K losses, 
after each rainy day were calculated (Table 2). The 

amount of nutrients lost depended on the amount of 
rainfall, sediment yield, the amount of run-off, and 
the initial nutrient contents. 

Total nutrient losses were larger than losses of 
plant available nutrients. In 2000, in upland rice 
plots, total N and K losses were 31.9 and 298.4 
kg/ha and in 2001, 88.4 and 718 kg/ha, 
respectively. Nutrient losses of the same land use 
type, but in different years were not the same 
because of different rainfall patterns and extent of 
plant cover. Total N lost from the cassava plots in 
2001 was 72.7 kg/ha, while it was only 42.2 kg/ha 
in 2002 and 43.8 kg/ha in 2003. Available K lost 
from the secondary forest plots in 2000 was 73.4 
kg/ha, declined to 27.2 kg/ha in 2002, and was only 
11.9 kg/ha in 2004. 

3.4. Nutrient losses from burning of forest biomass 
       in the swidden fields  

Table 3 shows the amount of nutrients in the 
forest biomass before the initial burning of the 
swidden field and the amounts lost through burning 
and removal of unburned materials from the field 
by the farmers. 
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Table 3. Vegetation biomass and loss of nutrients from burning in the swidden field 
Nutrient content (kg/ha) 

Component Dry mater 
(kg/ha) N P K 

Total plant material before burning: 24,299 135 15.3 100.3 
Removed before burning (Styrax and woody trees) 11,713 74.7 7.2 55.6 
Left for burning 12,586 60.3 8.1 44.7 
Total plant material after burning: 2,718 16.2 3.2 32.5 
Unburned materials removed from field (26%) 583 3.8 0.4 2.7 
Unburned materials remained on field (74%) 1,661 10.9 1.0 7.6 
Ash remain on the field 474 1.5 1.8 22.2 
Total loss: 22,748 126.3 12.9 73.2 
Loss by removal before burning 11,713 74.7 7.2 55.6 
Loss by removal of unburned materials 583 3.8 0.4 2.7 
Loss by burning 10,452 47.8 5.3 14.9 

y = 11x2 - 85x + 43
R2 = 0.95

y = 4x2 - 21x + 17
R2 = 0.77
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Figure 4. Effect of number of cropping cycles on aggregated N and P nutrient system balances 

After burning, quantities of ash and unburned 
vegetation remained in the field. The sum of the 
amount of nutrients contained in these materials is 
the total amount of nutrients remaining on the field 
after burning. The amount of nutrients lost in the 
burning is calculated by subtracting the amount of 
nutrients remaining on the field after burning 
(unburned material 74% +ashes) from the amount 
of nutrients contained in the biomass before 
burning. The initial burning process causes almost 
complete N loss of 91%, P loss of about 82%, and 
K loss of about 70%. Thus our estimates of nutrient 
losses are higher than those of Hölscher et al. 
(1996), who found that 60% of N was lost to the 
atmosphere through slash and burning in Brazil; 
however, our data include losses to the atmosphere 
as well as nutrient off-take in unburned plant 
material removed from the field.  

3.5. Influence of the number of cropping cycles 
       on nutrient balances of the swidden fields 

Net nutrient balances in upland systems 
became more negative with an increasing number 
of cropping. This was particularly true for N 
(Figure 4) and even more so for K (Figure 5). 
However, the relationship was not linear but instead 
leveled off in the third and fourth cropping cycle. 
This can be attributed to several reasons: (i) 
nutrient rich topsoil and easily eroded soil fractions 
had already been eroded in the first cropping 
season, (ii) declining soil fertility after repeated 
cropping led to smaller yields and hence less 
nutrient export, (iii) in the third year there was a 
switch from rice to cassava which led to lower 
nutrient exports in harvested products and (iv) 
reduced rainfall in years 3 and 4 led to reduced run-
off and erosion and hence lessened nutrient export. 
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Figure 5. Effect of number of cropping cycles on aggregated K nutrient system balances  
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Figure 6. Regeneration patterns of systems N balance in different swidden systems 

3.6. Regeneration of soil fertility in swidden systems  
Measured net nutrient balances of secondary 

forest sites were positive for N and P but apparently 
negative in several years for K (Table 4). Based on 
the average of these nutrient balances we can 
assume a minimum yearly recovery of about 7.1 kg 
N/ha and 4 kg P/ha. For K no estimate for recovery 
can be made since the long-term average net K 
balance was negative. We have to consider that, 
while the measured nutrient balances during the 
cropping phase are, apart from the gaseous losses, 
largely complete, the nutrient balances during the 
fallow phases do not include major inputs such as 
those of deep soil nutrient capture by trees and 
bushes and inputs through biological nitrogen 
fixation from leguminous species. Thus, these 
values represent minimum recovery estimates of 
secondary forests rather than their maximum 

potential rates. The recovery potential of younger 
fallow vegetation is likely to be lower, e.g., 
comparative yearly nutrient balances of fallows in 
plots 1 - 6 in 2004 were lower. Taking into account 
this potential net yearly N accumulation rate we can 
estimate approximate recovery times for the 
swidden systems in plots 1-6 described above 
(Figure 6).  

These simulations suggest that the time of the 
combined crop-swidden phase to complete N 
recovery (0 N balance) will be between 5 and 20 
years. The shortest N recovery time was 4 years of 
fallow after only 1 year of cropping (plot 2). For 
longer cropping periods, the required fallow time to 
achieve a positive N balance increased to 11 - 16 
years. However, if nutrients lost during the initial 
burning of forest are taken into account, then full 
regeneration will take as long as 30 - 40 years. 
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3.7. Nutrient balances in paddy fields 
On average, the inflow of available nutrients 

to the upper three paddy fields were equivalent to 
available nutrient additions of as much as 453, 
58 and 1455 kg/ha for N, P and K respectively 
(Table 5). Even when considering the whole paddy 
area, potential inputs could on average account for 
up 151, 19 and 485 kg of available N, P and K 
respectively. However, in reality farmers would not 
divert all of the discharge into the paddy fields and 
potential output on average accounted for up to 
155, 20 and 477 kg available N, P and K 
respectively. The average net balance between 
inflow and outflow of nutrients in the paddy field 
system was slightly negative, with -4, -1 and 8 
kg/ha available N, P and K respectively.  

Outflows from the paddy fields often offset 
nutrient inflows from the uplands so that the net 
balance between inflow and outflow of nutrients in 
the paddy system was often slightly negative 
(Figure 7). The net nutrient flow balance varied 
considerably between years. In 2000, N flow 
balances were positive for both total and available 
N. However, available N was reduced to -0.7 kg in 
2001 and even to -21 kg in 2002. Net flow P 
balances varied least. Potassium net inflow-outflow 
balances showed similar large yearly variations as 
N. Potassium net flow balances, although mostly 
negative in the first years, became positive in the 
last year. There was no consistent relationship in 
the net inflow-outflow balances between the three 
nutrients tested.  

Table 5. Average yearly contribution of available nutrients from 
the upland field to the paddy field (2000-2004) 

Indicators Units Na Pa Ka 

Total inflow kg/year 45 6 146 

Inflow paddy (0.1ha) kg/ha equivalent 453 58 1455 

Inflow paddy (0.3ha) kg/ha equivalent 151 19 485 

Total outflow kg/year 47 6 143 

Outflow paddy (0.1ha) kg/ha equivalent 466 61 1432 

Outflow paddy (0.3ha) kg/ha equivalent 155 20 477 

Balance total 2000-2004 kg/year -2 0 3 

Balance 2000-2004 (0.1ha) kg/ha equivalent -13 -3 23 

Balance 2000-2004 (0.3ha) kg/ha equivalent -4 -1 8 

Note: 0.1 ha denotes measurement area and 0.3 ha total paddy area at bottom of watershed 
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Figure 7. Yearly net balance of inflow-outflow of nutrients in the paddy field  
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Figure 8. Average yearly total nutrient flows from the uplands (via run-off and erosion) 
in and out of the paddy field  

These net inflow-outflow balances cannot 
fully account for the impact of the upland area on 
paddy soil fertility and plant nutrition because of 
the additional inputs occurring in paddy fields. 
However, it can be concluded that, due to the often 
fast water flow through the paddy system, the 
paddy field and its plants seemed to be able to catch 

only a small fraction of the nutrients provided by 
run-off, erosion and leaching events of upstream 
swidden fields. Figure 8 shows the inflow and 
outflow of total nutrients in water and sediments for 
the paddy field subsystem and its linkage to the 
upland swidden fields. It appears that for a small 
watershed like this one it might be necessary to 
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supplement nutrients in order to increase yields of 
paddy rice. Figure 8 also shows that the likely 
nutrient contribution from swidden rice fields is, at 
the watershed level, smaller than that from cassava 
swidden fields, despite the higher losses per hectare 
from rice swiddens in run-off and erosion. This is 
because the average area under upland rice was 
smaller than that under cassava.  

The complete nutrient balances for the paddy 
field revealed that the N and P balance were 
generally positive. In fact they were strongly 
positive for P (up to +11.58 kg P/0.102 ha in 2001). 
This was due to the high P fertilizer inputs. As 
excess P was not lost in the out-flowing water it is 
likely to build up in the soil system and would 
probably lead to reduced input requirements over 
time. N was also positive in most years by up to 
about 80 kg N/ha/year. However, unless this was 
accompanied by a build-up of soil organic matter, it 
is likely that a large proportion of this excess was 
lost by denitrification, which was not accounted for 
in the partial balance approach applied. K balances 
were negative, however, suggesting that despite the 
large upstream flow-through of K, not enough was 
retained in the paddy field to offset losses. It thus 
appears that in the current upland and lowland 
systems the nutrient replenishment patterns of K 
are least understood and need further investigation. 

4. CONCLUSIONS 
This research was conducted to investigate the 

long-term sustainability of the composite swidden 
system in terms of soil productivity and the 
functional linkage between the swiddens and the 
paddy fields that would contribute to the 
sustainability of the composite swidden system as a 
whole. Our results clearly showed that swidden 
fields under crop cultivation are degrading. The 
longer the field is under cropping, the more 
nutrients are removed from the soil. Both negative 
nutrient balances and soil analyses indicated 
substantial losses of all major nutrients, particularly 
K, and consequently a continuous decline in soil 
fertility throughout the successive years of 
cropping. The major sources of nutrient losses were 
erosion and run-off, which were reduced 
substantially when land use was changed to 
agroforestry and fallow. Our data also showed that 
soil fertility was being restored during the fallow 
period. However, our estimates indicated that it 
would take about 15 years of fallow period to 

regenerate soil fertility back to the original level. 
However, when the nutrient losses that occur 
during the burning of the secondary forest at the 
start of the swidden cycle are taken into account, 
the regeneration time will be considerably longer, 
extending to about 30-40 years for N. With regards 
to K, the system appears to remain in a negative 
balance even after extended fallowing. The current 
fallow period of swidden fields at Tat hamlet is 
now less than 5 years, indicating that the upland 
area is already under great pressure. Our analysis, 
as well as a related study of Lam et al. (2005), 
clearly indicated that only 5 years of bush-tall grass 
fallow is not sufficient to restore soil fertility to its 
level at the beginning of the first cropping year. If 
the current practice is continued, the land will 
continue to suffer further degradation, making the 
swiddening component unsustainable.  

The paddy fields showed positive balances for 
N and P. The strongly positive P balance was 
because of high P fertilizer inputs. As in the upland 
nutrient balances, paddy system K balances were 
negative. Our data showed that there were 
substantial amounts of nutrient inflows to the paddy 
field from eroded sediments and run-off from 
upland fields as had been hypothesized, but nutrient 
losses through water outflows were also quite large, 
and appeared to offset the inflows of nutrients. As 
water outflows also carried nutrients from applied 
manure and fertilizers, it was not possible to 
separate them from inflow nutrients from upland 
fields. Thus, the question of the beneficial effects of 
upland fields providing nutrients to paddy fields 
remains unanswered and requires further study. As 
K fertilizer was not applied, the negative K balance 
suggested that despite the large upstream flow-
through of K, not enough was retained in the paddy 
fields to offset losses. It thus appears that in the 
current upland and lowland systems the nutrient 
replenishment patterns of K are least understood 
and need further investigation.  
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