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Over the past decade, the Lao-IRRI Rice Research and Training
Project (LIRRTP) has been the principal source of capacity building
and technological developments in the rice sector in Lao PDR. From
a very low base in 1990, the project has helped develop a functional
national rice research system involving more than 120 government
officials and technicians.
         Research has been conducted in irrigated, rainfed lowland, and
upland ecosystems. This publication focuses on efforts in the uplands.
Despite significant progress in the uplands, several challenges remain.
For example, research has to build on previous component technology
research and identify technologies that move away from slash-and-
burn shifting cultivation to more stable and more sustainable inte-
grated production systems. Thus, whole-system considerations (e.g.,
markets and infrastructure) and agroforestry will be important
elements. This document brings together much of the previous upland
work completed in the LIRRTR We hope that this will form the basis
for enhanced efficiency.

William G Padolina
Deputy Director General for Partnerships
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Working in the Lao upland environment was a tremendously interest-
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excellent chance to widen my professional expertise in tropical
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disciplines outside agronomy, such as socioeconomics and anthropol-
ogy.
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IRRI, the financial support of SDC, and the strong commitment and
continuous support of the Lao Ministry of Agriculture and the provin-
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the Lao-IRRI Project was implemented under its auspices.
     The support by the team leader of the Lao-IRRI project. John
Schiller, is acknowledged. The friendship and undiminished support by
the national director of the Lao-IRRJ Project. Viengsavanh
Manivong, in spite of my sometimes unconventional needs and
requests, ensured the stability and continuity of the research activi-
ties. I owe special thanks to Suvit Pushpavesa, who knew all there
was to know about rice and was there whenever advice was needed.
Thanks are due to W. Leacock, who introduced me to research
methodologies used in social sciences. Of the many colleagues with
whom I had the opportunity to work and interact, I would especially
like to mention Houmpheng Soukhaphonh, Somphet Phengchanh,
Khouanheuane Vannalath, Boonchanh Chathapadith, Soulasith
Maniphone, Boonthanh Keobonalapha, and Khamdok
Songyikhangsuthor from Luang Prabang Agriculture Service,
Somsamut Phongsavath from the Agriculture Service of Oudomxay
Province, and Bouakham Phouaravanh from the National Agriculture
Research Service. Most importantly, I have to thank the Lao upland
farmers who worked with us and were always ready to share their
knowledge and to answer our questions.
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Slash-and-bum agriculture is considered to be
one of the oldest land-use systems (Spencer
1966). Although the practice has long disap-
peared in temperate regions, it is still common in
tropical and subtropical areas and is said to be
practiced by at least 300 million people, involving
up to 30% of the global exploitable soils (Warner
1991).Although production systems vary, most
slash-and-bum farmers depend on perennials to
suppress weeds and to restore soil fertility during
the fallow period. It is generally agreed that
slash-and-burn systems are sustainable with long
fallows when the population densities are low.
Traditional systems have low productivity per
unit area, but give high returns to labor, with low
energy requirements.
     In most countries, slash-and-bum agriculture
has regional importance only, but for Lao PDR it
is a major land-use practice involving more than
150,000 households or 25% of the rural popula-
tion (Lao PDR 1999). If all the fallow land is
included, shifting cultivation may use upto 80%
of the soils used for agriculture. Low population
densities, low incomes, and low access to inputs
in the past made slash-and-burn agriculture the
best land-use option for the rural population in
the hilly regions of the country. Today, increasing
population pressure, Increasing degradation of
the resource base, global awareness of off site
effects, and an increasing interdependence
between lowland and hill farmers have changed
the situation and demand a new approach. It is
thus not surprising that the government has given
high priority to transforming this perceived
harmful system to other agricultural systems.
Information on the production system and
improved technologies available for extension are
limited, mainly because past research and

development efforts concentrated on lowland
 rice production systems, whereas the upland
 population has often been by-passed. Further-
 more, the wide diversity of biophysical and
 socioeconomic environments provides a major
 challenge for the research and development
 process.
        An in-depth understanding of the existing
 production system is required to formulate
 recommendations for changes. Although the
 number of publications on slash-and-bum
 production systems generated over the past two
 decades is considerable, quantitative data on soil,
 water, plant, and other biophysical factors of the
 systems remain limited. It must also be empha-
 sized that long-term solutions to the problems
 faced by Lao slash-and-bum farmers cannot be
 found by focusing on their production system in
 isolation. The problem can only be solved by a
 holistic approach that takes into consideration the
 entire economy and social fabric of the country
 and its neighbors. Interdependencies and link-
 ages in the national economy, especially employ-
 ment opportunities, market opportunities, access
 to social institutions, and rules regulating off-site
 effects, need to be recognized and exploited to
 optimize benefits for the households that now
 depend on slash-and-burn agriculture.
        In line with government priorities, the Lao-
 IRRI Project, in collaboration with the Lao
 National Agriculture Service and the provincial
 agriculture services, carried out a comprehensive
 research program focusing on
       Characterizing the production system and
       environments
       Collecting and characterizing traditional
      upland rice cultivars
       Selecting rice cultivars for improved drought
      tolerance

Introduction

1



    Developing weed and pest management
    practices
    Developing production systems that optimize
    income and conserve the resource base

    Most of the collaborators and coauthors had
 no prior research experience but had a com-
 mendable knowledge of the production systems
 and, most importantly, were keen observers and
 always ready to learn from slash-and-burn
 farmers.
    Based on the results and observations made
 from these research activities during 1991-95,
 this publication describes the land-use system,
 including many aspects of the biophysical and
 socioeconomic environment. Investigations on
 trends, constraints, and possible alternative
 production systems are documented. Selected

additional information generated during 1996-
2000 is also included. The resulting qualitative
and quantitative data provide (1) inputs to
substantiate arguments on slash-and-bum issues
in general, (2) baseline data to document trends
in the system, (3) technologies for testing with or
transmission to slash-and-bum farmers, (4)
inputs for further research activities, and (5)
information for policymakers and planners.
   I hope that the information provided in this
publication will be of interest to those working in
slash-and-bum production systems in the region,
including Lao PDR, Vietnam, Myanmar, and
Thailand. At the same time, this publication may
make an important contribution to the intensive
discussions and consultations on slash-and-bum
issues at the global level.
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Lao PDR is a landlocked country with an area of
about 236,800 km7 and a population of 4.5 million
(Lao PDR 1999). Water for hydropower and
timber are the principal natural resources.
Approximately 3% of the area is used for
agriculture with rice as the main crop. Fallow
land in slash-and-bum systems may account for
another 6-I 0% of the total land area. About
83% of the population is rural and 66% of these
people depend on subsistence agriculture.
    Rolling hills and rugged mountains dominate
the landscape, with peaks rising up to 2,800 m
(Fig. 1). Most slash-and-bum cultivation is
concentrated on slopes with altitudes ranging
from 300 to 800 m. The upper limit for rice
cultivation is around 1,500 m. Slope gradients
range from 0 to 120% with most of the slopes
falling in the range of 15-60%. According to
recent statistics (World Hank 1995), 69% of the
area used for upland agriculture had a slope
gradient of less than 20%.
    Sandstone, limestone, and clastic rocks of
mesozoic and paleozoic origin are the dominant
geological formations found in the hilly areas
(ESCAP 1990). Other important geological
formations include granite and volcanic rocks.
Soils are mainly red-yellow, podzolic, and reddish
brown lateritic, leached and acidic with low
water-holding capacity.
    The climate is tropical with a pronounced
rainy season from May through October and a
hot dry season in March and April (Fig. 2). The
annua] precipitation is above I ,O00 mm for the
entire area but fluctuates widely with the highest
amounts, 3,700 mm annually, recorded on tbe
Boloven Plateau in Champassak Province. In

addition to the geographic variations, strong
interannual fluctuations in rainfall with abnormal
droughts pose major hazards to crop production
under upland conditions. Temperature is mainly a
function of latitude and elevation. The average
temperature declines with increasing elevation at
the rate of approximately 0.5 0C per 100-rn
altitude change.
    Slash-and-bum agriculture is the major
production system used in the upland environ-
ment. This subsistence system commonly
integrates crop production, animal husbandry, and
forestry. Only a small percentage of a few select
items produced will ever reach the market. Rice
is the major upland crop, followed by maize,
cassava, and peanuts. Wherever possible,
floodplains and valley bottoms are used for
lowland rice production. Such fields are usually
quite fertile because of the continuous addition of
nutrients contained in topsoil lost from the
surrounding slopes.
    The population is ethnically diverse with
more than 60 ethnic groups (Stuart-Fox 1986).
Based primarily on ethnic, linguistic, and geo-
graphical characteristics, ethnic groups have
been divided into three broad categories: Lao
Loum (Lao of the lowlands), Lao Theung (Lao
of the mountain slopes), and Lao Soung (Lao of
the mountain summits). All major ethnic groups
of the country depend to some degree on upland
agriculture but, in proportion to their total number,
Lao Soung and Lao Theung farmers are more
likely to live in hilly areas. Although all ethnic
groups are engaged in slash-and-bum agriculture,
it is very common to hear that it is “the ethnic
minorities” (groups others than Lao Loum) or the

3

                             The uplands of Lao PDR



  Fig. 1. Topography map of Lao PDR.
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FIg. 2. Monthly average minimum and maximum temperatures (lines) and monthly rainfall (columns) for 1985-98
for (A) Saravan (elevation 168 m, longitude 15 o 43', annual rainfall, 1.931 mm), (B) Luang Prabang (elevation 300
m, longitude 19 o 54', annual rainfall 1,332 mm), (C) Xleng Khouang (elevation 1.050 m, longitude 19o27, annual
rainfall 1,385 mm), and (D) Oudomxay (elevation 500 m, longitude 20 o 42', annual rainfall 1,467 mm).

“ethnics” that live from slash-and-bum agricul-
ture and destroy the forest. Select ethnic minori-
ties are blamed for causing environmental
damage and forest destruction; however, quanti-
tative and qualitative data from the literature and
surveys do not support this claim (see informa-
tion in article included under “Soil and soil
fertility”). Variations in land use within the same
group are generally larger than between groups.
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Rolling hills dominate the
landscape. As a result of
slash-and-burn
agriculture, the slopes
are covered with fallow
vegetation in various
stages of regrowth.

Upland rice grown on
slopes.

Wherever possible,
floodplains and valley
bottoms are used for
lowland rice production.



Lao Loum farmer weeding
upland rice.

Yuong Hmong boys (Lao Soung
group).
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Existing slash-and-burn practices and problems
and diversity in rice varieties

Land-use systems practiced are dynamic and are
influenced by numerous factors, sucb as land
availability, land quality, land tenure, population
pressure, climate, availability of labor, need for
cash, market facilities, past practices, food
preferences, ethnicity, past political events, and
government policies. Yet, in spite of the great
diversity in climate, soil condition, population
movements, and ethnicity, the systems used
currently have many commonalities and the
following generally apply:
• Existing practices have evolved from

traditional slash-and-burn systems, which are
typical for the subtropical regions of South-
east Asia.

• Upland rice is almost always grown in slash-
and-bum systems, whereas other crops, as
listed below, may be grown as intercrops
witb rice or in semipermanent systems.

• Land preparation consists of slashing
secondary forest or shrub vegetation in
January and February and burning the dry
biomass in March or April. The knife,
dibbling stick, and a simple blade for weeding
are the main implements used and cultivation
does not include tillage.

• Rice is planted in bills (10-16 bills nr2) using
a dibble stick in late May or early June. The
rice varieties used are all traditional varieties.

• Most farmers, except the ilmong and Yao,
prefer glutinous rice. Early, medium, and late
rice varieties are used to stagger the har-
vesting date (labor requirement, early
consumption) and to reduce risks of weather
and pest damage.

• Weed control is the single most important
labor requirement, accounting for about 50%
of the labor input (Fig. 3). Weeding is often
necessary prior to planting. Chromolaena

Fig. 3. Labor input for rice production in slash-and-bum
systems.

odorata is the most common weed. In
recent years, fallow cycles have become
shorter and weeding requirements have
increased substantially.

• Labor productivity is comparatively low
(Table 1). This is in contrast to the general
belief that traditional slash-and—bum systems
optimize returns to labor at the cost of using
large land resources (Raintree and Warner
1986). Productivity per unit land is extremely
low if fallow land is included.
A single crop of rice is followed by fallow
periods of 2-10 years (5-10% of the area is
used for successive crops of rice for 2-5
years).

• A variety of other crops are grown in the
same plot together with rice. These crops, in
order of frequency, include maize, cucumber,
pumpkin, taro, cassava, chilies, sesame,
smooth loofab, sweet potato, long-bean,
peanut, eggplant, Job’s tears (Coix
lachryma-jobi), ginger, angie loofah,
sorghum, yambean, pigeonpea, and sun
hemp.

9



aAssuming energy input of 3,000 kcal per labor day
bincludes energy for machinery, fuel, irrigation, drying, and transport.
cYield of 1.5 t ha-1" in a system with 5 years fallow (used 1.5 1 hr-1 for labor productivity
and energy output/input ratio).

• The fallow land is used for grazing cattle and
buffalo, with the best grazing value in the
initial years of the fallow period.

• Livestock is by far the most important
source of cash income. Average cash
income for families surveyed in 1992 was
about US$150 per year, with livestock, crops,
off-farm work, handicrafts, loans, and forest
products accounting for 44%, 26%, 13%,
7%, 6%, and 1%, respectively (Roder et al
1992).

• Although the land remains national property,
farmers can claim ow nership of land im-
provements and perennial plants on land they
have cultivated.

Farmers consider weeds, rodents, insuffi-
cient rainfall, and lack of available land (leading
to short fallow periods) to be the most important
constraints to upland rice production in slash-
and-bum systems (Fig. 4). On closer examina-
tion, the following factors were seen to be major
constraints limiting the economic possibilities of
upland families (Roder et al 1992):
• Topography (slash-and-bum systems may be

the only sustainablemethod for rice produc-
tion on slopes with gradients of more than
40%)

• Preference for rice as the staple food and
heavy dependence on rice production; maize
and cassava would allow for much higher
labor productivity and productivity per unit
land

 Fig. 4. Constraints to rice production in slash-and-bum
  systems (household surveys with 129 respondents, land
  availability includes the constraint “short fallow”: insect
  pests are mostly white grubs)

• Uncertain land tenure
• Difficult communication (road access)
• Uncertain market opportunities
• Lack of alternative employment opportunities
• Poor access to social services, especially

education, health, and family planning
The importance of glutinous rice in Lao PDR

and the adjoining regions of the neighboring
countries and the high diversity in rice varieties is
discussed in Roder et al. (1996), a journal article
included at the end of this section. This paper
was written based on material collected during
1990-94. From 1 996 to 1 998, systematic collec-
tion was carried out under the project “Collection
and Preservation of Rice Biodiversity in the Lao
PDR” (Rac et al 1997a.b). Under this project,

10

Table 1. Labor productivity, energy inputs, yield, and production per
area. (Adapted from Ruder St al 1992.)

                                                                 Lao farmer
Parameter                                                                                          Farmer in

                         Slash-and-burn    Lowland rice    California

Labor input (d ha-1 ) 294 122 3
Input of energy (1,000 kcal hr’) 1,143 546 10,958

Labora 882 366 9
Machineryb - - 7,606
Fertilizers - - 2,161
Plant protection <1 - 460
Seeds 260 180 722

Yield (t ha-1)  0.25c 1.6 6.5
Labor productivity (kg d-1) 5.1 13.1 2,167
Energy output/input ratio 3.9 8.8 1.8



     13,192 samples (56% were upland varieties)
of cultivated rice and 237 samples of wild rice
were collected in an area covering 17 provinces
(Rao, unpublished data). The material collected
is conserved in long-term storage facilities in Lao
PDR (Ministry of Agriculture) and at IRRI
(Philippines).

Paper included with this section
Roder W, Keoboulaplia B, Vannalath K,
    Phouaravanh B. 1996. Glutinous rice and its
    importance for hill farmers in Laos. Econ.
   Bot. 50:40 1-408.

11



12



13





GLUTINOUS RICE AND ITS IMPORTANCE FOR
HILL FARMERS IN LAOS1

WALTER RODER, BOUNTHANTH KEOBOULAPHA, KLHOUANHEUANE
VANNALATH, AND BOUAKI-IAM PHOUARAVANH

Roder-, Walter  (International Rice Research Institute [IRA/f P.O. Box 933, Manila 1099,
Philippines. Present address: RNR-RC Jakar, P.O. Jakar, fihutan) Bounthanth Keoboulapha,
Kiuouanheuane Vannalntb, and Bouakham Phounravank  (LAO IRRI project,P.O. Box 600,
Luang Prabang, lAO PDR).GLUTINOUS RICE AND ITS IMPORTANCE FOR HILL FARMERS IN LAOS.
Economic Botany, 50(4): 401-408. 1996. Glutinous or wary rice is the most important crop
Jbr subsistence fanning economies in the hills of Northern Laos. Hill farmers continue to use
traditional varieties only. Geographical and political isolation have contributed towards their
preservation. Traditional varieties are mainly of the japonica type, have a good yield potential,
are well adapted to the local conditions, and represent a wide genetic diversity. Farmers
interviewed prefer varieties with large panicles, planted 2.7 varieties on average, with 17, 30
and S3% of the area planted to early, medium and late varieties, respectively. Out of 544
traditional cultivars 95% flowered within 88-120 days after planting. Crops planted together
with rice in order of importance are: maize, cucumber, chili, tarn, and sesame. Farmers re-
ported annual milled rice production of 125 kg per capita and rice selfisufficiency for 8 months
for 1992 and 1993. Maize, cassava, and products from the forest are major rice substitutes
and food security in remote areas could best be improved by increasing production of maize
and cassava in combination with livestock production systems.

  I.e riz gluant et son importance pour les paysan des collines an Laos. I.e riz gluant est la
culture la plus importantce pour les systemes agricoles de subsistence des collines du Nord du
Laos. Les paysans montagnards continuent de cultiver uniquement des variétés traditionnelles
qui sont préservées par l’isolation geographique et politique. La plupart des variétés tradi-
tionnelles sont du type japonica avec de bons rendements potentiels, sont bien adaptées aux
conditions locales, et présentent un grande diversité génétique. Les paysans consultés préferent
les variétés à grand panicule. Ils ova cultivé en moyenne 2.7 variétés, et 17, 30, et 53% de la
surface a été plantée. respectivement avec des variétés précoces, intermédiaires, et tardives.
Au moins 95% des 544 cultivars troditionnels ont fleuri entire 88 et 120 jours aprés la plan-
tation. Les cultures plantées avec la riz sont par ordre d’imponance: le mair, le concombre,
le chili, le taro et le sésame. les paysans ont enregistre une production annuedle de riz décor-
tiqué de 125 kg per capita ainsi qu ‘une autosuffisance en riz pour 8 mois durant les années
1992 et 1993. Les mais, le manioc et les aliments issus de la foret constituent les principaux
produits de substitution du riz. La meilleure fafon d amdliorcr Ia sicu rite’ alimenta ire des
régions reculées serait de combiner sine augmentation de la production de mais et de nzanioc
avec des systémes de production animale.
Key Words:  slash-and-bum; sticky rice; waxy rice; traditional varieties; food security.

    Laos is the geographic center of an area where
farmers and urban dwellers prefer to eat glut-
nous rice. It is the only country where this spe-
cia) type of waxy rice with low amylose content
(Juliano 1993:49-59) has distinct national im-
portance. and is consumed by a large majority
of the population as the main component of their

     1Received 20 September 1995; accepted 22 May
1996.

Economic Botany 50(4) pp 401-408. 1996
© 1996 by The New York Botanical Garden, Bronx, NY 10458 US.A

diet. Glutinous rice is of regional importance in
Myanmar, China, Vietnam, Cambodia and Thai-
land (Golomb 1976), where it is the preferred
diet by groups ethnically and/or geographically
close to the Laotian population.
     Laos is a country with a high degree of genetic
diversity in rice, both among cultivars used by the
Lao fanners and among wild species occurring
scattered iii forested uplands as well as in lowland
swamps (Vaughan pen. comm. 1993). The re-
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markable range in rice cultivars is partly the result
of the country’s rich cultural and geographical di-
versity. The population of 4.47 million (National
Statistical Center 1993) is made up of over 60 eth-
mc groups (Stuart-Fox 1986:44-51). Because of
geographical and political isolation, upland agri-
culture practices in ‘Laos have changed little, ex-
cept for a decline in fallow length. No improved,
introduced rice varieties have become popular with
the hill farmers.
  The northern region of the country is an al-
most continuous succession of rolling hills and
rugged mountains with peaks rising to 2800 m.
In the traditional, subsistence system. Lao hill
farmers have integrated the use of crop, animal
husbandry, and forest resources. Because of the
limited availability of lowland area, farmers
largely depend on upland agriculture (upland re-
fers to fields that are not bounded and usually
not leveled). In the past, the hilly topography
combined with low population densities, made
slash-and-bum the best land use option for up-
land farmers. Present Government policies,
however, give high priority to reducing the area
under slash-~and-burn cultivation. Efforts to limit
tanners’ access to land, combined with rapid
population growth, have resulted in shorter fal-
low cycles and consequently increased weed
problems and soil deterioration.
  National rice production barely meets the do-
mestic needs and with poor transportation facil-
ities, fluctuations in rice production can lead to
localized food deficits. Hilly regions are gener-
ally considered to be chronic food-deficit areas,
however, little information is available on tra-
ditional rice varieties, the importance of rice in
the hill farming system, consumption patterns.
and rice trading. Various surveys have been car-
ried out by the Lao-IRRI project to characterize
the upland fanning system of Northern Laos
Concurrently a systematic collection and char-
acterization of upland rice varieties was initiat-
ed. Data from these studies and surveys are used
to: (1) discuss characteristics of traditional up-
land rice varieties and (2) evaluate the impor-
tance of rice in the fanning system and subsis-
tence economy.

MATERIALS AND METHODS
COLLECTION AND CHARACTERIZATION OF

UPLAND VARIETIES
    During 1991-I 993 544 upland cultivars were
collected from six provinces (Fig.  I). These

were evaluated in observation nurseries at the
Houay Khot Station (single plots), and forward-
ed to IRRI for accession in the global germ-
plasm collection, where they are kept in long-
term storage facilities. Duration from planting to
flowering, plant height and panicle size are dis-
cussed in this paper. Isozyme analysis was done
on 318 entries at IRRI Los Banos, using the
methods described by Glaszmann (1987).

HOUSEHOLD SURVEY I—LAND USE
PRACTICES

  A household survey was carried out during
the 1992 rice-growing season using a formal
questionnaire supplemented by field observa-
tions. Villages visited were chosen randomly.
The choice of household informants was left to
the discretion of the surveyors, and was strongly
influenced by advice from the particular village
headman. A total of 83 households located in
four districts of Luang Prabang Province were
included in the survey. The questionnaire fo-
cused mainly on land use-related issues. Most of
the results from this survey have already been
published (Roder et al. 1994). On]y the results
relating to rice varieties planted and crops plant-
ed in association with rice are discussed in this
paper.
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TABLE 1.   SELECTED CHARACTERISTICS OP TRADITIONAL UPLAND VARIETIES’ FROM NORTHERN LAOS
(1991-1994).

                                                                                                    Coefficient      Correlation with yield
             Variable                       Average             Range               of variation    (correlation coefficient)

     Days to flowering (no.) 101 81-132 8.9 NS
     Plant height (cm) 138 85-185 14.1 0.45***2

     Panicle/hill 7.5 2-17 26.4 0.16***
     Panicle (g) 1.6 0.2-6.9 61.8 0.85***

1996]                                     RODER ET AL: GLUTINOUS RICE IN LAOS                                   403

lering, vigorous early growth, and with gluti-
nous, aromatic grain qualities (Phouaravanh et
al. 1994). The traditional upland varieties have
a reasonable yield potential. and yields of 4 t
ha-’ are not unusual in variety trials, and crop
cuts yielded up to 4 r ha’ (LAO-IRRI 1992). It
is. therefore, not surprising that farmers gener-
ally did not consider the yield potential of tra-
ditional varieties as a major constraint to rice
production (Roder et aL 1994).
  The traditional varieties collected during
1991-93 showed a wide range in characteristics
such as plant height, days to flowering, and pan-
ide numbers (Table 1, Fig. 2) The number of
days required from planting to flowering ranged
from 81 to 132 days, but over 95% of all entries
observed flowered within 88 to 120 days after
planting (Fig  2). Farmers clearly differentiate
between early (kan do), medium (kau kang), and
late (kau pi) varieties, and most farmers will
plant varieties from each group. This allows
them to harvest rice for consumption as early as
possible, stagger labor requirements for harvest,
and spread risks. The extent of yield loss due to
climatic constraints (mostly drought), pests and
diseases largely depends on plant growth stage
at the time of the occurrence of the particular
factor Some farmers interviewed planted five
different rice varieties. The average number of
varieties planted by individual households was
2.7, and the proportion of areas planted with ear-
ly, medium and late varieties was 17. 30 and
53%, respectively (household survey 1). Mix-
tures of two or more varieties are sometimes
found, but farmers usually try to keep their va-
rieties separate. Beside varieties with distinct
maturity characteristics, farmers also have spe-
cial varieties for religious ceremonies, non-glu-
tinous varieties for noodle making. and varieties
with dark grain color for making rice wine. A

 1Total entries were 544
 2p<0.001

HOUSEHOLD SURVEY II-RICE  PRODUCTION
        AND CONSUMPTION PATTERNS

  A long-term survey was initiated in 1992 to
document trends in rice production and con-
sumption patterns. Five villages each were se-
lected in Xiengnguen and Viengkham districts.
In each village 5-10 households were included
in the survey (20% for villages with fewer than
50 households and 10% for villages with more
than 50 households). Interviews were first con-
ducted at the end of the 1992 harvest season.
When the households were revisited in 1993.
Chomphet district was included in the survey.
The total sample numbers were 62 households
in 1992 and 126 in 1993. The formal interview
included questions on family size, rice produc-
tion system and related matters, rice consump-
tion patterns. and source of cash income.

      RESULTS AND DISCUSSION
      TRADITIONAL RICE VARIETIES

  Upland farmers use traditional rice varieties
only, and generally prefer varieties with large
panicles (high number of spikelets), medium til-
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          TABLE I    AREA UNDER VARIOUS CROPS.

                              Area under crops (1000 ha)1

    Crop                          Nationally           Lining Probang

Lowland rice        366 (58)2           9   (16)
Upland crops
  Rice                   188 (30)           38    (68)
  Maize                  27 (4)              6     (10)
  Roar crops          14 (2)               0.6  (1)
  Peanut                  8 (1)               1.6  (3)
  Others                24 (4)               1     (2)

  1Source National Statistical Center, 199%
  2Values ( ) percent of total area cultivate&

vious difference in the perceived importance of
rice as the main staple food throughout Laos.
Rice is the base for every meal, and the term
eating food “kin kau” translates to    “eating
dcc.” Often the lack of rice to cover the annual
needs of a family is considered as a direct food
deficit. Although rice is well adapted to the en-
vironment, it is perhaps not the best crop to be
used for food production in hilly areas. In the
data provided by the National Statistical Center
(1993) average yields for upland rice, maize and
root crops (mostly cassava), were 1.5, 1.8 and
7.3 t hr-1 or 3.9, 4,0 and 7.3 X 106 kcal hr-1,
respectively (Juliano 1993; Rosling 1987). Rice,
although planted on the most fertile land or as
the first crop after fallow, provides lower yields
and requires higher labor inputs per kilogram of
grain produced when compared with maize. Go-
lomb (1976) speculated that ethnic groups set-
tied in the lowlands may have introduced the hill
Canners to rice to make them dependent on low-
land societies producing rice surpldses. Con-
versely Watabe and co-workers (1970) suggest-
ed that rice varieties used in Central Thailand
progressed from glutinous upland varieties to
glutinous lowland varieties and were finally re-
placed by non-glutinous lowland varieties.
  Upland rice is almost always produced in
slash-and-burn systems. Land preparation con-
sists of slashing secondary forest or shrub veg-
etation in January/February and burning the dry
biomass in March or April. Rice is planted in
hills using a dibble stick in late May or early
June. A single crop of rice is usually followed
by fallow periods of 2-8 years. A small number
of Farmers cultivate rice for 2 or more successive
years. Chromolaena odorata, an introduced spe-
cies, dominates the weed population during the

TABLE 4.   CROPS GROWN TOGETHER WITH RICE.1

                                    Frequency2                          Area planted
       Crop                       (%)                          (no. of hills)3

Cucumber                      89                                 64
Chili and eggplant         79                                 69
Maize                             65                               806
Taro                               63                                 42
Sesame                          55                           <1000
Gourd                            44                                  26
Pumpkin                       42                                   41
Cassava                         39                                  66
Loofah                           31                                 29
Sorghum                        20                                 54
Cowpea                         22                                  25
Peanut                           15                                230
Sweet potato                   9                                  - 4
Job’s tear                         7                                  -
Yambean                        5                                  -
 1Basal on the information from household survey (N = 83).
 2 Frequency of households reporting the crap in ricefield.
  3Average number a[ hills or plant5 for farmers having the crop
  4Samples too small to estimate area.

cropping and the initial fallow phase. Weeding
is the single most important labor requirement.
accounting for approximately 50% of the total
labor inputs of about 200-300 days    ha-1 year-1

(Roder et al. 1994). Because of the high labor
input for weeding, the return on labor from up-
land rice production is much lower than that in
lowland rice production systems (Roder et al.
1994). In another study carried our in Luang
Prabang Province, Leacock and co-workers
(1993) reported labor inputs of 268, 205 and 194
days ha-’ or returns on labor of 4.3, &6 and 13.3
kg grain labor day-’ for upland rice, lowland
rice and maize production, respectively.
  As expected, the major staple food is also the
most important crop in the farming systems and
occupies over 70% of the area cultivated by
most upland farmers (Table 3). A wide variety
of other species is planted in association with
rice (Table 4). Cucumber, chili, maize, taro. and
sesame are planted most frequently. The area
planted for each species depends largely on the
needs of the family and is usually small. Only
maize grown for pig feed and human consump-
tion and crops planted for the market, such as
sesame, are cultivated more extensively. The
number of hills used for individual crops (Table
4), is only a rough indication of their relative
importance as the area per bill varies widely be-
tween crop and field. Only the most frequently
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planted species are listed in table 4. Other crops
found in farmers’ fields include: pigeon pea. sun
hemp. tobacco, mucuna (Mucuna sp.), mung-
bean, Phaseolus bean, watermelon, spices and
ornamental flowers.
  Various crops are often planted in specific nich-
es: cucumbers and yam bean climbing on short
tree trunks; loofah species climbing on trees that
were too difficult to cut; cowpea in areas with poor
rice stands; maize, Job’s tears (Coix lachryma-
jobi). and cassava along paths and boundaries; chi-
Ii, pigeon pea. and various spices and ornamentals
near the temporary field hut.

    RICE THE MAJOR STAPLE  AND  AN
       IMPORTANT SOURCE FOR CASH

  According to our survey data about 125 kg
per capita of milled rice was produced in both
years, with additional net inflow of rice. The
quantities of rice available are only slightly low-
er when compared with major rice-consuming
countries such as Indonesia and Bangladesh (Iu-
liano 1993:20). There could be some doubt in
the reliability of the figures, because farmers
tend to report lower areas and production figures
as until recently they were taxed on the basis of
the area of rice cultivated. The differences in
rice trading observed between the samples of
1992 and 1993 are largely an effect of the ad-
ditional district included with a relatively large
number of households. The volume of rice trad-
ing is dependent prinarily on transport possibil-
ities. Most households buying or selling rice are
located in villages that are close to the road.
  In spite of the relatively large quantities avail-
able, tanners report rice deficit periods of almost
4 months on average. This apparent deficit may
rcsult from a combination of factors including:
localized shortages, inclusion  of households
with other major sources of income, and farmers
optimizing rice usage to avoid losses- Increasing
storage losses over ‘time, absence of a market,
and availability of other food sources may make
it more attractive for the family to produce and
store rice for 8-10 months only, rather than hav-
ing large surpluses. The occasional shortages of
rice are certainly not a recent phenomenon
(Gourou 1942: 355; Wall 1975:29). About 50
years ago Gourou (1942) made the following
observations: “The rice and maize harvested is
used for daily consumption or transformed to al-
cohol and it is rare that the farmncrs have suffi-
cient reserves until the next harvest- The rice

TABLE 5.    REASONS CITED FOR NOT HAVING SUF-
FICIENT RICE.1

Reason                                                                  1992                      1993

Lack of rain                                                        39                            50
Pes t s                                                                     35                            25
Illness in family                                                 7                              5
Lack of labor or too much weed       7                               8
Sold or exchanged                                          7                              4
1 Sample size was 64 and 126 households in 1992 and 1993. respec-
tively.

stores are usually empty in July forcing farmers
families to rely on hunting and gathering for
provisions.
  Upland farmers, especially those living in re-
mote areas, have little incentive to produce sur-
plus rice. Already 100 years ago the lack of a
market was considered the main deterrent    to
higher rice production in Laos (Pavie    1901:
197). Without surplus rice production, small
fluctuations in yield caused by climate, pest
problems. or labor shortages immediately lead
to rice shortages.
   Although farmers usually agree that weeds are
the main constraint to rice production (Roder et
aL 1994), lack of rain or poor rainfall distribu-
tion was the main cause mentioned by them for
rice shortages in 1992 and 1993 (Table 5). Rain-
fall for Luang Prabang for the same years was
96 and 93% of the long term average. The an-
nual rainfall in the region is quite low with a
long-term average (1950-1994) of 1282mm for
Luang Prabang. It is therefore quite possible that
localized drought stress may have had signifi-
cant effects on some fanns. Drought stress as a
main cause of rice shortages in an average rain-
fall year clearly shows how vulnerable the sys-
tern really is. Years with unusually low rainfall
since 1950 were 1954, 1956. 1957. 1958, 1959,
1962, 1967, 1968 and 1987 with rainfall totals
of only 78. 80, 38. 68. 80, 79. 79, 76, and 81%
of the long-term average.
  In spite of the limited access to market, be-
cause of poor road communication and lack of
proper market mechanisms, rice has become an
important source of cash, especially for farmers
with limited cash income from livestock (Table
6). Having no alternative but to sell rice for
ready cash was cited as the main reason for not
having sufficient rice by 7% of the respondents
in 1992 and 4% in 1991 Unfortunately most
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     TABLE 6.    SOURCES OF CASH INCOME’.

                                                                                Cash income
                                     Households (%)                   (US $)

                                    1992             1993                1992             1993

Rice                              28                  26                       15                   5
Livestock                     67                 57                        76                 59
Forest products          18                  47                          3                 10
Other crops                  23                  18                         3                   5
Wages and off farm     32                  30                      15                  8

 1Sample size was 63 and 126 households in 1992 and 1993 respec-
tively.
 2Figures refer to the calendar year (nor consistent with table 6, where
harvest of a particular year was used)

tanners are forced to sell their rice before (on
advance payment) or shortly after harvest, at a
time when rice prices are low.
 It may be predicted that rice trading will in
crease rapidly with improved market access and
that upland tanners will gradually become more
dependent on rice produced in lowland environ-
ments. Yet with the growing economic power of
the urban population, and their preference for
aromatic glutinous rice, there is an increasing
market for rice produced under upland condi-
tions and sold at premium prices.

Maize and tuber crops are planted primarily
to be used as livestock feed but also are used
widely as rice substitutes, especially in the
months before the new rice harvest. Planting
larger areas to these crops would greatly im-
prove the food security of remote areas, without
the problems associated with fluctuation in pro-
duction because surpluses would be directly ab-
sorbed by the producers through conversion into
animal products. If indeed drought is the main
cause of food deficits, systems guaranteeing
food security for remote areas will only be found
by using less drought-susceptible crops other
than rice. Unfortunately the consumption of
maize and tuber crops is associated with low so-
cial status, and with increased availability of
cash, rice purchased from the market has be-
come the most important food source in periods
when rice produced by the family is not suffi-
cient (Table 7, 8).
  Upland farmers have traditionally used a va-
riety of products from forest and fallow land,
including tubers, bamboo shoots, greens, fruits,
insects and animals, and some were confident
that they could survive without rice for periods
of up to a year (Izikowitz 1951).

TABLE 7.   IMPORTANCE OF RICE’ IN INDIVIDUAL HOUSEHOLDS (HH).

                      Parameter                                                                     1992:                             1993

Rice production
 Rice produced per family (kg year’)                                                1289                              1214
 Rice produced per capita (kg year-’)                                                  179                                179
Rice outflow
 Households selling rice before harvest (%)                                            2                                    8
 Average quantity said before harvest (kg hh-1)                               10 (640) 3                      15 (192)
 Households selling rice after harvest (%)                                             39                                  21
 Average quantity sold after harvest (kg hh-1)                               191 (489)                         36 (176)
Rice inflow
 Households buying rice (%)                                                                 44                                  25
 Average quantity bought (kg hh-1)                                               313 (715)                        68 (268)
 Households borrowing rice (%)                                                           20                                  2
 Average quantity borrowed (kg hh-1 )                                            68 (332)                        1.4 (60)
 Households exchanging goods for rice (%)                                          17                                 17
 Average quantity acquired by exchange (kg hh-1)                          32 (187)                        16 (96)
Rice consumption
 Rice self-sufficiency (month year’)                                                     7.9                               8.1
 Net inflow (kg hh-1 )                                                                          212                              34
 Net inflow (kg per capita)                                                                   29                                5

1all figures in unhusked rice, approximate recovery For milled rice is 70%
2 Sample size was 64 and 126 households in 1992 and 1993. respectively.
3Quantity 4 )  average for households selling or buying rice.
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TABLE 8.  OTHER  STAPLE  FOODS   FARMERS  EAT
WHEN THEY  DO  NOT  HAVE  SUFFICIENT  RICE)

                                        Used as a major rice substitute
                                                        by farmers(%)

  Staple bed                      1992                            1993

Purchased rice                    54                                85
cassava                                 39                                 7
Maize                                   32                               12
Taro                                      19                              10

 1Sample size was 64 and 126 households in 1992 and 1993, respec-
lively

         SUMMARY AND CONCLUSIONS
  Traditional upland rice varieties represent a
wide genetic diversity but are largely of the ja-
ponica type. In spite of environmental con-
straints, rice is and will remain the most impor-
tant crop for the bill population. Farmers are
ready to invest most of their labor in rice pro-
duction to produce a high-quality glutinous rice
for home consumption. Improved access to mar-
kets will probably increase the dependency on
rice as a staple food, but at the same time will
result in a partial replacement of home-produced
rice by rice brought. from outside. Policies em-
phasizing food security through rice production
are not likely to help the farmer through the
transition period from subsistence slash-and-
burn systems to market oriented, land use sys-
tems with permanent cultivation When formu-
lating development strategies and policies the
following facts must be recognized:
1. Traditionally upland farmers were never solely
     dependent on rice for their food requirements;
2. Rice deficits of 1-3 months are not a new
     phenomenon;
3. Upland farmers are often forced to sell rice
   in order to find cash for urgent purchases;
4. Real food security in remote regions may
   only be achieved/maintained by focusing on
   crops other than rice, such as maize and cas-
      sava in association with livestock production
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Research methodology

Slash-and-burn environments are generally very
heterogeneous as a result of past land use,
variations in climate, and the soil formation
process. Heterogeneity increases rapidly with an
increase in ruggedness of the topography
because of an interaction of the factors men-
tioned above with elevation, slope gradient, and
exposure. Furthermore, in the absence of tillage,
short-range variability can be extremely high and
is influenced by the fallow vegetation cover,
uneven deposits of ash during burning, and the
activities of termites and other soil organisms.
Because of this variability, the number of loca-
tions or repetitions required for conventional
experimental designs can become unrealistically
high (Nokoe and Olufowote 1990).
   The frustration faced by researchers was
aptly described by a reviewer commenting on
one of our first soil-related papers submitted for
publication. The anonymous reviewer wrote:
“The older I get, the less patience I have with
the unfounded hope that knowing how much
variability there is out there will in some manner
solve the problem. I’ll admit that knowing a site
is reasonably uniform is a comfort if one is
determined to treat the area uniformly. But
knowing how many subsamples thoroughly
mixed are required to wipe out evidence of 100
termite mounds, 200 ash spots, 25 root wads, and
one abandoned outhouse does not get us any-
where, except to ask the question ‘so what’?”
   The inherent heterogeneity of the environ-
mental factors of slash-and-bum environments
requires special attention from the researcher.
Although suitable methods can be found for most
situations by modifying and adapting conventional
methods, there is a need to develop tools and
methodologies for specific situations. Experi-
ences generated in the various field investiga-

tions may provide inputs for the planning of
future activities and for refining specific research
tools and methods.

Participatory research methodologies
The initial research activities focused on charac-
terizing the production system and its environ-
ment and collecting and describing rice varieties.
In these efforts, farmers’ participation was
largely in the form of providing information. In
the second phase, when efforts gradually shifted
toward developing appropriate weed manage-
ment practices and developing alternative
production systems, farmers’ participation
became increasingly important. The level of
participation varied based on the objective of the
individual studies.

Exploiting heterogeneity
Although heterogeneity in the environment,
especially in soil conditions, is a major obstacle to
implementing field experiments, it can also be
used to the researchers’ advantage. The wide
range of soil fertility or soil moisture conditions
within one field or region, for example, can be
exploited in fertility and moisture studies and
their interaction. Instead of a design with applied
treatments or with the inclusion of many sites, a
research project could use the existing range of
conditions. We used the opportunities provided
by the heterogeneous conditions in our efforts to
describe weed, pest, and soil conditions and their
effects on rice yield.

Measurements for soil movements
Two methods, plastic-lined ditches and pins,
were used to estimate soil movements. With the
pin method, metal rods (1 m long, 8-12 mm
diameter) were inserted in the ground and
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changes in soil height measured at certain time
intervals. This method is suitable only for situa-
tions in which extremely large quantities of soil
movement are expected, as a 1-mm change in
soil height corresponds to a soil quantity of about
100 t ha-’. For most situations, the use of pins
was not suitable because the soil movements
were too small. Furthermore, small changes in
the soil surface, such as changes due to soil
shrinking and swelling or the effects of weeding,
can strongly affect the measurements.
   The method using plastic-lined ditches at the
lower end of the observation plot was found to
be the most suitable method for short-term
observation plots (<3 years) where an installation
with permanent structures was not justified
(Roder et al 1995). The soil accumulated in the
ditches was collected and removed at monthly
intervals. It was found to be important to use a
plastic that was resistant to ultraviolet radiation.
Termite damage and drainage of runoff water
were factors that had to be given special atten-
tion.

Minimizing plot-to-plot interactions
Experimental plots on sloping land are exposed to
runoff water and soil movements. Treatment
effects of plots in the upper part of the slope
may affect plots located below. To minimize
these effects, a system of erosion barriers,
mostly Brachiaria brizantha or vetiver grass
(Vetiveria zizanjoides), and drainage was used
for the on-station research area. To minimize
plot-to-plot interactions, vetiver grass was also
routinely planted along the plot borders (around
each individual experimental unit) of long-term
experiments and runoff water removed through a
combination of these grass strips with drainage
ducts. This method was also found to be excel-
lent for demonstrating the problem of erosion and
soil movements.
   In on-farm studies, plots were generally laid
out in a way to have only one line of plots along
the contours of the slope. Plot-to-plot interactions
were further minimized by drainage furrows
between plots. In long-term on-farm studies,
vetiver grass or B. brizantha was generally used
as erosion barriers and to minimize plot-to-plot
interactions.

Vegetation measurements for weeds,
fallow vegetation, or improved fallow
The methods used to measure weed cover, weed
species composition, and vegetation cover during
the fallow period were largely borrowed from
methodologies used for ecological studies,
especially for vegetation assessment in rangeland
systems (Cook and Stubbenclieck 1986, Kent and
Coker 1992). Covet; density, frequency, and
biomass yield were the most widely used mea-
surements. Cover was usually based cii visual
assessment. Frequency and density were
measured from quadrates ranging in size from
0.04 to I in2. Density is a count of numbers of a
given species per unit area. The presence of a
species in the quadrate provided an estimate of
its frequency in plots of the particular size (Kent
and Coker 1992).
   A modified transect method was used for the
observations of weed populations in farmers’
fields. A 10-m measuring tape was placed above
the rice crop canopy and weed cover directly
underneath the measuring tape was recorded for
individual species in 1-rn intervals. These obser-
vations provided an estimate of weed cover (in
cm) and frequency (based on presence or
absence of a particular species in 1-rn intervals).
   Annual changes in the biomass of the
vegetation in long-term fallow monitoring plots
were estimated from samples taken outside the
monitoring plots. Similarly, a double-sampling
method was used to estimate yields in some
studies to reduce labor requirements. In this
method, only a fraction of the observation
quadrates are clipped and measured to calibrate
visual observations made in the other plots (Cook
and Stubbendieck J 986).

Variation in parameters measured
For proper planning of field experiments, it is
necessary to know the expected variation of
parameters to be observed. The coefficients of
variation (CVs) for rice yield and other pararn-
eters measured in experiments carried out during
1991-94 are shown in Table 2 and Figure 5. The
variation in rice yield increases with decreasing
yield for both on-station and on4arm experi-
ments. Fallow vegetation has a strong influence
on the variation. When the previous crop was
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Table 2. Range and average coefficient of variation (CV) observed in
field trials carried out during 1991-94A

                                                   Number of trials            CV range            CV average

Yield on-station                                     28                           11-70                    24.9
Yield on-farm after fallow                    9                          15-49                      322
Yield on-farm after rice                         5                             5-34                       15.4
Plant height                                           10                          5.7-1 3.3                      7.2
Panicle number                                       8                          10-17                        13.6
Grain weight                                           3                         2.3-3.2                         2.8
Days to flowering                                  1                               -                              1.7

aBased on Lao-IRRI Annual Reports 1991,1992. 1993, and 1994 (unpublished).

rice, the CV in on-farm studies was substantially
lower than for experiments conducted in fields
after fallow. The high variation is often due to
nutrient stress or white grub damage. If the
influence of these factors can be minimized, CVs
below 10% can be expected. The variation for
yield components such as particle number, grain
weight, and days to flowering is much lower than
for grain yield.
   The results from a study estimating short-
range variability for selected soil parameters
were published in Roder et al (1995), included at
the end of this section.
   Additional experiments were carried out in
1995 to compare variability (within fields and
between fields) of potential parameters to be
used for soil-water-weed interaction studies. The
studies were carried out in Xiengngeun District,
Luang Prabang Province. Fields were selected in
April, after farmers had burned the slashed

fallow biomass. Areas with apparent irregulari-
ties (trees, bamboo stumps, termite mounds)
were excluded. Planting of the traditional
glutinous rice variety Vieng was done following
the traditional method, placing approximately 8-
10 seeds treated with carbaryl in 3-5-cm-deep
holes made with a dibble stick. Planting boles
were spaced at 20 x 25 cm.

   Methods for study I, variation within
field. One field each, with a reasonably uniform
soil surface, was selected at Houayhia (site A)
and at Beusam (site B). Slope gradients ranged
from 5% to 30% at site A and from 5% to 35%
at site B. At each site, 30 individual plots of 5 x 3
m were delineated with a distance of at least 4 m
between plots. Rice was planted on 17 May at
site A and on 18 May at site B. Soil samples,
eight subsamples per plot, were collected with an
Oakfield probe at depths of 0-15 and 15-30cm
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at planting, at panicle initiation (0-15 cm only),
and at harvest. Leaf chlorophyll content was
measured with a chlorophyll meter (Minolta
SPAD-502) monthly three times with intervals of
1 month starting on 5 July at site A and on 4 July
at Site B. Measurements were taken from 10
fully expanded uppermost leaves per plot. White
grub damage was assessed by counting hills
affected in July and August. Root samples from
five hills per plot were collected after flowering
to quantify root-knot nematode (Meloidogyne
graminicola) density on the crop root, following
methods described by Prot and Matias (1995).
At maturity, 20 hills were harvested randomly
from each plot to measure panicle number per
hill and rice yield.

   Methods for study. 2, variability between
fields and the effect of N application. Nine
fields were selected. In each field, an experiment

was laid out with three replicates and three
treatments: (1) control, (2) 30 kg N applied at
panicle initiation, and (3) 20 kg N at panicle
initiation and 20 kg N at flowering. Plot size was
25 m2. Planting was done at all sites between 2
and 7 June. Leaf chlorophyll content was
measured in August. The methods used to
measure chlorophyll and root-knot nematodes
were the same as those described above. At
maturity, panicle numbers were recorded from
10 hills per plot and rice yield was measured
from the entire plot after removing border rows.
   The results were similar for the two sites
(Table 3). The highest variability was observed
for pest and weed observations, with a CV of
334-544% for nematocle density. Both nematode
and weed observations do not usually follow a
normal distribution and transformations are
frequently used for statistical analysis. Plant
observations also showed high variation, except

Table 3. Variation within individual fields for plant, soil, and pest parameters (30 individual plots each for site
A and site 8). CV = coefficient of variation.

Site A                                          Site B
Parameter

Av Range CV Av Range CV

Crop
Biomass at Pla(fresh gm-2) 296 120-500 30 552 190-940 36
Grain yield (g hill-1) 24 13.1-35.3 27 37 16.9-64.9 37
Soil
Moisture at harvest 0-15 cm (%) 21 15.3-25.5 10 26 20.8-30.7 9.7
Moisture at harvest, 15-30 cm (%) 22 18.9-25.2 7.7 27 22.3-31.4 9.0
Bulk density, 0-15cm 1.2 1.14-1.31 3.6 1.1 0.97-1.18 4.4
Bulk density, 15-30 cm 1.3 1.20-1.40 4,2 1.2 1.13-1.36 4+1
Sand, 0-15 cm (%) 33 24.9-38.9 10 33 26.9-40.9 12
Sand, 15-30 cm (%) 28 20.9-34.9 14 27 20.9-34.9 13
Organic C, 0-15 cm (%) 1.9 1.44-2.68 14 1.5 1.2-1.8 12
Organic C, 15-30cm (%) 1.1 0.76-2.04 24 0.86 064-1.28 16
Total N, 0-15 cm (%) 0.19 0.15-0.25 12 0.21 0.14-0.29 18
Total N, 15-30cm (%) 0.14 0.11-0.18 12 0.16 0.13-0.20 13
Available P, 0-15cm (mg kg-1)b 16 6.3-40 41 18 8.8-70 64
Available P, 15-30cm (mg kg-1) 4.9 2.5-12 41 79 2.8-75 163
CEC,0-lScm 3.6 1.94-6+2 26 6.8 3.14-9.41 25
CEC, 15-30cm 1.9 1.26-3.56 32 4.4 2.29-7.64 31
N supply
SPAD July 35 31.9-37.8 4.7 35.0 31.8-37.8 3.9
SPAD September 35 30.6-40.6 8.0 34.2 2&7-432 13.4
N at planting (kg ha-1) 63 37-111 23 71 48-1 08 20
N at harvest (kg ha-1) 43 17-69 32 81 40-1 32 38
Weeds
Weed biomass at P1 (fresh g m2) 133 3-415 83.2 79.5 18-313 94.7
Ageratum density (plants m2) 5 0-16 89.0 43.4 10-1 20 53.0
Pests
White grub (hills damaged m-2) 0.13 0-0.6 97.7 0.13 0-0.67 133.8
Helicotylenchus sp (no. g-1 root) 4.58 0-21 134.6 0.61 0-11 343.6
Meloidogyne graminicola (no. g-1 root)0.07 0-2 544.8 7.7 0.-136 334.9

a Pl = panicle initiation CEC = cation exchange capacity
bOlsen extraction.
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Table 4. Variation in yield and other parameters for individual sitesa CV = coefficient of variation.

                                           Grain yield                                          CV (%) of other parameters
Site Previous

crop Average Range CV Blomass at Panicles SPADb Nematodes
Ct ha-1) Ct ha-1) (%) P1 (no hill-1)

H. Khot1 Rice 1.21 0.88-1.65 13 27 8.4 5.8 297
H. Khot2 Rice 0.92 0.57-1.28 30 23 22 4.6 167
BeusamI Fallow 2.38 2.08-2.71 5,5 25 n.a.c 4.9 270
Beusam2 Fallow 0.95 0.38-2.12 32 54 21 2.9 159
Pakto1 Rice 0.21 0.03-0.32 60 n.a. 40 3.6 279
Pakto2 Rice 0.54 0.26-1.00 22 n.a. 27 3.2 n.a.
Nakha Rice 0.97 0.38-1.45 14 n.a. 17 6.4 n.a.
Houayhia1 Rice 2.43 1.42-3.12 19 8 17 3.3 157
Houayhia2 Rice 2.36 1.75-2.97 1.5 n.a. 16 3.7 n.a.
a Results from a fertilizer trial carried out at nine sites (on-farm) with three replicates and three treatments.
b Panicle initiation stage.
c n.a. = data not available.

for the SPAD measurements. The CV for rice
yield from individual sites in the fertilizer study
ranged from 1.5% to 60% (Table 4). The high
variation at some sites was largely due to white
grub or root-knot nematode damage. The
variation observed for soil parameters was
similar to that observed earlier (Roder et al 1995,
article included at the end of this section) with
CVs <20% for organic C and total N and CVs
>50% for available P. Soil physical measure-
ments, such as bulk density and moisture, had
lower CVs, generally <10%.
   The earlier study (Roder et al 1995) com-
pared the variation between individual soil
samples collected in a grid system, whereas in
this study composite samples from eight

subsamples per plot were used. Thus, the earlie
study compared variation between individual
points, whereas the latter compared variation
between plots. The high CV for yield measure-
ments observed in both experiments demon-
strates the need for researchers to be prepared
to work with lower confidence levels, high
numbers of sites or replicates, or larger treat-
ment effects.

Paper included with this section
Roder W, Pbengchanh WS, Soukbaphonh H.
   1995. Estimates of variation for measure-
   ments of selected soil parameters on slash-
   and-bum fields in Northern Laos. Commun.
   Soil Sci. Plant Anal. 26:2361-2368.
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ESTIMATES    OF   VARIATION     FOR   MEASUREMENTS  OF
SELECTED SOIL PARAMETERS ON SLASH-AND-BURN FIELDS
IN NORTHERN LAOS

W. Roder
IRRI, P.O. Box 933, 1099 Manila, Philippines

S. Phengchanh and H. Soukhaphonh
LAO-JRRI Project, P.O. Box 600, Luang Prabang, Laos

ABSTRACT:   Monitoring changes in soil fertility is an important component in
the evaluation of land-use systems. This research was undertaken to estimate
short-range soil variability of selected soil parameters in slash-and-bum systems of.
Northern Laos as a prerequisite for planning long-term experiments. Coefficient of
variation for the top interval (0-3 cm) was 10.4, 8.7, 20.7, 12.8, 75.8, and 44.8%
for pH, total nitrogen (N), organic carbon (C), total phosphorus. (P), available F,
and available potassium (K), respectively (averaged over two sites). Variation
generally decreased with increasing depth of soil interval, except for soil organic
matter, where coefficient of variation was 14.1, 13.4, 14.6, 18.2, and 26.9% for
intervals of 340, 10-25, 25-50, 50-75, and 75-100 cm, respectively. The number
of sub-samples required to document changes in available P and K will be
unrealistically high if high confidence levels are required. Correlation between pH
and available P and K was high for the 0-3 cm interval.

                                                  INTRODUCTION
   Slash-and-bum agriculture with upland rice as the major crop is the pre-
dominant land-use system in the hilly areas of Northern Laos. With low population
densities and moderate expectations, this system may have been ecologically sound
and adapted to the resources available. The government presently gives high
priority to reducing the area under slash-and-bum agriculture. These interventions,
along with fast population growth, have resulted in shorter fallow cycles and
consequently increased weed problems and soil deterioration (Fujisaka. 1991).

                                                             2361
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       Research evaluating the effects of increased cropping intensity, improved
  fallow, and/or green manure crops on soil fertility in slash-and—burn systems of
 Northern Laos has been accorded high priority (Fujisaka, 1991). Although little
 information: is available on Laos, literature about changes in soil fertility during
 cropping and fallow periods of slash-and-bum systems in Asia, Africa, and South
 America abound (Andriesse and Schelhaas, 1987; Nyc and Greenland, 1960;
 Sanchez, 1987).
        Influenced by a variable vegetation cover, uneven distribution of ash deposits,
 and activities of termites and other soil organisms, soil variability within an
  individual field jg generally very high. Several authors have made reference to the
 high variability of soil fertility parameters in slash-and-bum soils (Isbell, 1987;
 Pushparajah, 1989; Chancy and McGarity, 1978), but estimates of the magnitude
 are scarce. Andriesse and Schelhaas (1987) cite coefficients of variation (CV) up to
 50 and 100% for available P in slash-and-bum soils in Sarawak and Thailand,
 respectively. Pusbparajah and Chan (1987) have presented data from rubber
 plantation soils showing CY’s of 20.6, 18.6, 67.5, and 55% for C, N, nitrate
  (NO~), and available P, respectively. Coefficients for organic C ranged from 29 to
 52% for Rendosols in Belize (Brubacher et al.; 1989). These estimates of soil
 variability are generally limited to the topsoil interval of 0-10 or 0-15 cm. Fournier
 et al. (1994) described short-range variability in three forest covered acid soils in
    Canada and discussed the results of similar studies.
        This study was undertaken to: (i) estimate short-range variation in key soil
 parameters under typical slash-and-bum conditions of Northern Laos, and (ii)
 determine the appropriate number of subsamples to be taken for cropping systems
 and nutrient dynamic studies.

                                       MATERIALS AND METHODS
       Soil samples were collected from 200 in2 plots at two shifting cultivation sites
 in the Xiengnguen District of Luang Prabang Province (Table 1). Sites selected
 have representative soils for slash-and-bum areas of Northern Laos were of
 uniform slope, had undergone several fallow/cultivation cycles, and were free of
 large termite mounds or large root wads. Following traditional practices earlier
 described by Fujisaka (1991), vegetation was slashed in February and burned in
 late March of 1991. Sampling was carried out in May, 15 days after planting rice.
 Samples were collected in a grid pattern using 4x5 m distances. At each site. 10
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        Table I: Description of (he two sample sites

                                                    Banlong-O                    Ban 1O

        Elevation (in)                            460                                350
        Slope (96)                                   35                                  30
        Soil type1)                        Dystric Cambisol            Ferric Alisol
        Years cropped                              1                                    2
        Years fallow                                 6                                    8

         1) Soil Survey Department. Ministry of Agriculture and Forestry,
          LAO-PDR, Vientiane

individual samples were collected at depth intervals of 0-3, 3-10, 10-25, 25-50,
50-75, and 75-100 cm using an Qakfield core sampler (20-mm diameter). Samples
were air-dried and sent to the laboratory of the Lands Development Department in
Bangkok for determination of pH, and organic matter (Walkley-Black acid
dichromate digestion), total N (semimicro Kjeldahl), total P (x-ray fluorescence),
available P (Bray P2), and available K (extraction with 1N NI-140Ac) contents
(Page et al, 1982).
   The number of samples (n) necessary to estimate the mean of a particular
parameter within a certain range (D) was estimated using the equation:

                               n = t.2s2/D2                                                                   [1]

where: ta = Student’s ‘t’ with (n-i) degrees of freedom for the desired confidence
level and s2 = variance (Petersen and Calvin, 1986). The relationship between the
different parameters measured was evaluated using correlation estimates.

                                   RESULTS AND DISCUSSION
   Nutrient concentrations were greatest in the top 0-3 cm interval (Table 2). This
is largely the result of litter turnover, humus accumulation, and ash deposits as has
been documented in various environments (Andriesse and Scbelhaas, 1987; Nye
and Greenland, 1960). While a decrease in magnitude with increase in depth was
fairly gradual for most nutrients, available P content dropped abruptly. The
concentration of available P at the 3-40 cm depth interval was only 23% of its
concentration in the top interval.
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Table 2: Average value, range and coefficient of variation (CV) for soil parameters at 2 sites

Parameter/depth                        banlong-O                                 ban 10

                                      Average     Range  CV (%)  Average  Range     CV (%)

 pH

0- 3cm 5.82 5.2-7.0 11.6 5.74 5.2-67 9.2
3 - 10cm 4.83 4.5-i6 6.4 4.97 4.7-5.5 5.5
10- 25 cm 4.56 4.0-4.7 4.6 4.67 4.6-4.8 1.5
25 - 50cm 415 4.6-4.9 2.0 4.75 4.6-4.9 1.8
50-75 cm 4.88 4.8-5.0 1.6 416 4.7-5.0 2.0
75 ‘100cm 5.03 49-5.1 1.6 4.94 4.7-5! 2A

Total N                        kg soil-1                                      kg soil-1

0- 3 cm 2.56 2.2-3.2 12.9 2.98 2.81.2 4.4
3- 10cm 2.14 l.9-2A 6 2.45 2.3-2.6 4.1
10-25cm 1-91 11-2.2 16.2 21.3 1.9-2.1 3.9
25-50cm 1.89 1.8-2.1 5.3 1.79 1.7-1.9 3.4
50-75cm 138 1-5-2.0 9.0 169 1.6-1.8 4.1

75 -100cm 1.65 1.4-2.1 12.7 1.55 1.5-1.7 41
Organic matter kg soil-1         kg soil-1

0- 3cm 491 37-90 31.6 64.1 54-77 9.7
3-10cm 29.8 24-37 15.0 42.4 37-52 13.1
10-25cm 22.5 18-29 17.5 26.2 23-31 9.3
25-50cm 16.8 14-20 12.5 19.6 17- 28 16.8
50-75cm 141 9-19 24.0 14.5 12-I8 12.3
75-100cm 12.0 8-fl 33.5 11.1 9-16 20.3

Total P        mg kg soil-1            mg kg soil-1

0- 3cm 651 565.785 12.3 852 304-880 13.3
3- 10cm 515 495-565 4.3 663 620-710 4.7

10- 25 cm 468 445-495 3.9 561 520-595 4.1
25 - 50 cm 433 395-460 5.4 497 445-520 45
50 - 75 cm 404 385-435 3-9 454 430-485 3.2
75-100cm 418 375-475 7.2 438 410-465 4.2

Available P     mg kg soil-1         mg kg soil-1

0- 3cm 371 12-116 82.6 38.0 11 87 689
3 - 10cm 71 1.2-22 763 91 4.0- 14 35.4
10-25cm 5,8 2.9-13 51.7 7.3 1.9- 17 60.5
25 - 50cm 41 2.5-7.1 31.0 61) 2.8- 12 43.5
50-75cm 5.5 3.3-8-5 33.7 6.5 2.7- 10 31.9
75-100cm 41 2.2-7.8 38.4 7.4 2.5- 15 50.7

Available K mg kg soil-1     mg kg soil-1

0- 3cm 330 198-796 53.1 474 304-880 36.4
3 - 10cm 126 61-384 75.8 179 78-320 44.8
10-25cm 80 55-170 43.5 88 65-138 24.5
25-50cm 57 43-80 20.0 60 46-74 13.6
50-75cm SI 34-65 19.1 49 41-59 10.6

75- 100cm 41 35-55 14.7 48 40-59 14.4
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   As expected (Petersen and Calvin, 1986), the variation in measured soil
properties was highest among samples of the top interval, except for organic matter
content. Probably influenced by the non-uniforn root distribution of the fallow
vegetation, variation in organic matter content remained high or increased with
depth. The differences in magnitude of variation observed between the two fields
could be due to differences in soil type, slope, effect of cultivation, previous
cropping-fallow cycles, or other factors.
   The CV estimates for total N, organic matter, available P. and available IC
contents presented in this study are comparable with values reported by others
(Andriesse and Schelhaas, 1987; Pushparajah and Chan, 1987; Brubacher et al.,
1989), but are generally higher when compared to temperate forest soils (Fournier
et al. 1994), or cultivated tropical soils (Dhillon et al. 1994). The moderate variation
in pH, total N, and total P makes 15 subsamples sufficient to document changes of
10% with a confidence level of 95% on a 200 in2 plot. Similarly, 20 subsamples
would be enough to document changes of 10% in soil organic matter Content. High
variation in available P and K, however, necessitates a much higher sample number
for these parameters. The number of subsamples required to document changes of
10% at a confidence level of 95% for the Banlong-O soil would be 348, 297, 137,
49, 58, and 75 for available P content and 144, 294, 96, 20, 19 and 11 for
available K content for depths of 0-3, 3’l0, 10-25, 2$50, 50-75, and 75-100 cm,
respectively. Collecting such a high number of subsamples is unrealistic for most
situations; therefore, lower confidence levels will have to be accepted or other
sampling methods devised. Sampling from smaller subplots at fixed locations [as
used by Cassman et al. (1992)] could help reduce variation in studies that monitor
nutrient changes over time. For both soils, the lowest depth interval had the highest
variation in organic matter content. Organic matter is likely to be a key parameter in
monitoring studies. Considering the high variation in organic matter at lower
depths, it may be necessary to collect large numbers of samples for all depth
intervals.
   Correlation between various soil parameters decreased with depth, thus only the
estimates for the top three intervals are shown (Table 3). Organic matter, N, P, and
K pools in the topsoil are strongly linked to the vegetation dynamics and its
resulting litter turnover and accumulation. Ash deposits from the burned biomass
directly influenced ph, total P, available P, and available K content in the 0-3 cm
soil interval, resulting in high correlation coefficients. Also for the second depth
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 Table 3: Correlation matrix for the 3 top intervals (Averaged over both sites)

Parameter pH N Organic Total P Available P
matter

Depth 0-3 cm

 N -  - 0.89***          0.58***             -
 Organic matter - 0.89*** -                  -                    -
 Total P 0.42* 0.58*** 0.57*** - 0.57***
 Avail P 0.88***                -                       -  0.57*** -
 Avail K 0,73*                 -                       - 0.67** 0.81***
 Depth 3-10 cm

 N 0.51** - 0.81*** 0.81*** -
 Organic matter 0.43* 0.81*** - 0.80*** 0.44*
 Total P 0.44* 0.8l*** 0.80*** - 039*
 Available P - - 0.44* 039* -
 Available K 0.50** - 0.42* 046** 0.69***
 Depth 10-25 cm

 N                      -                    -                  0.69**             - -
 Organic matter - 0.69** - 0.54** -
 Total P - - 0.54** - -
 Available P                          -                    -                       -                  - -
 Available K                          -                    -                       -                  - -

interval. (3-10 cm), some relationship between pH and total P and available K
content was observed. At the same time there was a strong relationship between
organic matter and the same parameters in the 3-10 cm interval. Total P was
  related to organic matter for the following depth intervals: 0-3, 3-10, 10-25, and
25-50 cm. Organic matter and total N were related at all depths except at the 25-50
interval.
      Following the results of this study, it will be feasible to document effects of
cropping system treatments on sail fertility parameters in slash-and-bum sails.
Depending on objectives and treatments, organic matter is likely to be the most
suitable parameter to be monitored and has lower variation than available P and K.
Soil physical parameters, such as water infiltration and bulk density, may offer
additional important tools to document and explain the treatment effects.
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Soil infertility is frequently cited as a constraint to
crop production in the tropics in general and for
slash-and-burn systems in particular (Sanchez
1987, Warner 1991). Gupta and O’Toole (1986)
suggested that almost all upland rice soils have
low N supply capacity and that most are defi-
cient in P. Parent material, rainfall pattern,
topography, vegetation, and cultivation practices
are the main determinants of soil quality and
fertility. It is generally agreed that soil organic
matter plays a key role in achieving and main-
taining a certain fertility level (Roder et al 1997).
Soil organic matter is not only a pool of plant
nutrients; it also affects soil physical, chemical,
and biological properties.
   In slash-and-burn systems, the accumulation
of soil organic matter during the fallow period
and ash deposits from the burned biomass are
major factors contributing to increased soil
fertility at the end of the fallow period. Mineral-
ization of soil organic matter after burning is an
important source of N for cultivated crops.
   Soil fertility is no doubt an important factor
affecting rice yields in Lao shifting cultivation
systems. Soils are generally poor, mainly red-
yellow, podzolic, and reddish brown lateritic,
leached and acidic, with low water-holding
capacity. Most references on slash-and-bum
agriculture in Lao PDR cite soil fertility as a
major constraint. Yet, extensive investigations
focusing on subrelated factors that may affect
rice, yield failed to show a conclusive relationship
between conventional soil, fertility parameters
and crop yields. The results of these studies
Were summarized in the papers included at the
end of this section.

   Similarly, in a study carried out in 1995
(methods described in study 2 in the section
“Research methodology”), rice yield showed
little association with soil parameters measured
except for the relationship between yield and
chlorophyll (SPAD) measurements (Table 5, Fig.
6). This association was especially strong for
SPAD measurements taken in September, at the
time of flowering. Other soil parameters mea-
sured, besides those listed in Table 5, were
texture, pH, CEC, and available P.
   In a fertilizer study carried out across nine
locations (methods described in the section
“Research methodology”), rice yield showed
significant associations (P<O.O5) with SPAD
readings for two sites and with panicle numbers
for five sites (Table 6), whereas N application
increased yields at two sites only.

Table 5. Correlation between yield and selected
parameters (30 individual plots for each site).

                Correlation with yield
Parameter

Site A Site B

Soil
Bulk density, 0-15 cm 0.20    -0.39**a

Bulk density, 15-30 cm 0.15  -0.35*
TotalN,0-lScm 0.21 -0.17
Total N, 15-30 cm    0.34** 0.05
Organic 0, 0-15 cm 0.29 -0.21
Organic C, 15-30 cm 0-27 -0.14
N supply
Chlorophyll July                    0.44**      0.49***
Chlorophyll August  0.31*      0.75***
Chlorophyll September     0.76***    0.78***
N at planting (NH4 + NO3), 0-30cm -0.01 -0.02
N at harvest (NH4 + NO3), 0-30cm -0.12 0.03

a* , **, ***Indicate significant correlation at P<0.1, P<0.05, and
P<0.01, respectively

Soil and soil fertility



               Table 6. Yield and correlation coefficients between yield and other parameters. a

Yield Yield increase with N (%)  Correlation of yield with
Site (t hr1)

1 N application2 N applications SPAD Panicle no.

Houay Khot 1 1.21 3 25 0.42 0.35
Houay Khot 2 0.92 0 0 -0.29    0.58*b

Beusam 1 2.38 6 0 0.27 n.a.c
Beusam 2 0.95 0 0 0.83 0.65
Paktol 0.21 56 17 0.03         0.83***
Pakto2 0.54 0 0 0.14     0.79**
Nakha 0.97 39 69** -0.21 n.a.
Houayhia 1 2.43 15 45 0.56    0.77**
Houayhia 2 2.36         6*** 0 0.33 0.09

      aFertilizer trial carried out at nine sites (on-farm) with three replicates per site and three fertilizer treatments: (1)
           control, (2) 30 kg N at panicle initiation stage, and (3) 20 kg N at panicle Initiation stage and 20 kg at flowering
        stage.
           b*,**,*** indicate significant correlation or treatment effect at P.cO.1, P.cO.05, and P41.01, respectively.
        cn.a.  = data not available.

 split applications in which some of the N was
 applied after panicle initiation or at the time of
 flowering. Application of P resulted in increased
 P uptake of 38% but had no consistent effect on
grain yield (Table 8).
      With a gradual decline in the level of organic
 matter because of shorter fallow cycles, it is

   During 1990-95, a wide range of fertilizer
studies were conducted (Tables 7 and 8).
Although the results of fertilizer trials are not
conclusive, the data indicate that N limits rice
yield. The results also imply that N stress is more
pronounced in the later part of the growing
season, with a higher response to N observed for
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Table 7. Results of fertilizer studies.a

Parameters studied effect on rice yield References b

Application of N during early phase 0-20 1, 2, 3
Application of N during booting stage 0-40 2, 3
Application of N after flowering 0-40 3
Application of N in 2 splits 0-69 4
Application of N in 3 splits 0-SO 3, 4
Application of P fertilizer 0-15 3
Mulching of pigeonpea residue 57 2
Mulching with C. odorata (fresh) 0 2, 3

aFor each parameter, all studies reported were included. For most of the N studios.
no P and K was applied.
b references: 1 = LAO-IRRI annual report 1992; 2  LAQIFIRI annual report 1993. 3
= LAO-IRRI annual report 1994, 4 unpublished data, 1995.

Table 8. Phosphorus uptake by traditional upland
rice In response to near-non-limiting applications of
P with and without NK (average of three locations
on-farm).

Treatment P uptake Grain yield Biomass yield
(kg ha-1) (t ha-1) (t ha-1)

No fertilizer 6.8 1.4 3.0
P,Sokg ha1 9.4 1.4 3.1
F’, 50kg, N 100 kg, 10.7 2.0 4.5
and K 50 kg ha-1

LSDa (0.05) 2.4 0.5 1.0

 aLSD= least significant difference.

expected that N stress may become more
accentuated and increasingly limit rice yields in
the near future.
    In many of the fertilizer studies, N was
applied at the time of planting or in the early
phase of rice development without taking the soil
N dynamics and plant requirements into consid-
eration. Mineralization of organic matter, the
major N source, accelerates after burning with
increasing moisture and temperature and the pool
of available N is highest at the time of rice
planting (Roder et al 1995). The challenges for
the future are to
   limit N and organic matter losses through soil
   conservation, especially by practices that
   emphasize residue management;
   provide sufficient N during the critical stages
   of the rice crop (1) through N-rich residues
   of forages/crops grown in rotation, (2) timing
   N supply with N stress, or (3) application of
    slow-release N.

   Many references on Lao slash-and-bum
agriculture link poor soil management with
ethnicity of the slash-and-bum fanner (Halpern
1961, Win 1959). Extensive quantitative and
qualitative data generated from various surveys
and from the literature do not corroborate these
generalized conclusions. Variations in land use
within the same group are generally larger than
between groups (see additional information in the
articles included at the end of this section).

Papers included with this section
RoderW, Pbengcbanh S. Keoboulapha H. 1995.
   Relationships between soil, fallow period,
   weeds, and rice yield in slash-and-bum
   systems of Laos. Plant Soil 176:27-36.
Roder W, Phengchanh S. Maniphone S. 1997.
   Dynamics of soil and vegetation during crop
   and fallow period in slash-and-burn fields of
   northern Laos. Geoderrna76:13l-144.
Roder W. (unpublished). Relationship between
   ethnic group and land use in the hilly areas of
   Laos.
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Abstract

Decline in soil fertility accelerated by shorter fallow periods was expected to be a major constraint in slash-and-
burn rice production systems in northern Laos. In this paper we describe relationships between fallow period, soil
fertility parameters, weeds and rice yield. Soil infertility is not perceived a major yield constraint by the farmers.
Of the various soil parameters observed only soil organic matter showed consistent association with rice yield (r
=0.42, p<0.01). Fallow period and rice yield showed no association and the relationship between fallow and organic
matter was very weak (r=0.16, p<0.01). Rice yield was negatively related to densities of Ageratum conyzoides
and Lygodium flexuosum. Soil loss during the cropping period ranged from 300-29.300 kg ha-1. For the same
period organic matter, total N, available P and available K content in the top 0-3 cm decreased by 11,12,17, and
17%, respectively, and loss of total N for the soil depth of 0-25 cm was estimated at 400 kg ha-1. Soil physical
properties, moisture stress and available N are the most likely detriments to rice yields. Further attempts to relate
soil properties to rice yield should include repeated measurements during the cropping season and observations on
soil physical properties.

Introduction

Soil infertility is frequently cited as a constraint to crop
production in the tropics in general and for slash-and-
burn systems in particular (Jordan. 1985; Sanchez and
Logan, 1992; Warner. 1991). Although low fertility
limits agricultural production in some tropical areas it
is not an universal problem and often other constraints
may be confused with soil fertility. Weed competition,
rather than soil fertility, is frequently the obvious rea-
son for slash-and-burn farmers to move to a new field
(Moody. 1974; Nye and Greenland. 1960; Sanchez,
1976; Warner, 1991).
  Declining soil fertility is often associated with a
decline in soil organic matter. Organic matter dynamics
* The research presented was supported by the Provincial Api-
culture Service. Luang Prabang. Laos, and the Swiss Development
Cooperalion.

 ** FAX no corresponding author: + 632 8182081

under shifting cultivation systems have been well doc-
umented (Brubacher et al., 1989; Nye and Greenland,
1960, 1964), and most authors agree that organic mat-
ter and nutrient content in soil increase with increasing
years under bush or tree fallow (Lugo and Brown,
1993). The biomass of the fallow vegetation generally
represents the major pool for potassium, calcium and
magnesium (Andriesse and Schelhaas, 1987; Nye and
Greenland, 1960; Sanchez, 1987). Most of the nitro-
gen and phosphorus, is however, located in the soil
(Andriesse and Schelhaas, 1987; Sanchez, 1987).
  Slash-and-burn agriculture with upland rice as the
major crop is the predominant land use system in the
hilly areas of northern Laos. With low population den-
sity and moderate material expectations of the rural
population, this system may perhaps have been in bal-
ance with nature. Present government policies give
high priority to reducing the area under slash and-burn
agriculture. These interventions, along with rapid pop-
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ulation growth, have resulted in shorter fallow cycles
and consequently increased weed problems and soil
deterioration (Fujisaka,  1991; Roder et al., 1994).
Average fallow periods have been reduced from over
30 years to periods of about 5 years.
   Most documents discussing the potential of upland
agriculture in Laos make reference to soil fertility as
a major constraint (Fujisaka, 1991; Gourou, 1942;
Lovelace, 1991; Rural micro-projects, 1992; SUAN
1990). Quantitative data to support these generalized
observations are, however, nonexistent. From 1991 to
1993 the LAO-IRRI project has collected various data
from slash-and-burn fields relating to land use prac-
tices, soil fertility and rice production. The available
data are summarized with the objective 1) to discuss
relationships between land use practices. soil fertili-
ty parameters and rice yield, and 2) to identify soil
conditions which may affect rice yield.

Materials and methods

General description of the area and the farming
System

The studies were carried out in the Provinces of Luang
Prabang and Oudomxay in Northern Laos. These two
provinces have the highest proportion of upland rice
cultivation in the country. Upland rice is generally cul-
tivated on sloping land using slash-and-burn methods
without tillage and inputs of fertilizers. Rice is planted
in hills with the help of a dibble stick. A single crop of
rice is followed by fallow periods of 2-10 years.
   The average rainfall for Luang Prabang town was
1340 mm for 1961-90-. Sandstone. limestone, and clas-
tic rocks of Mesozoic and Paleozoic origin are the
dominant geological formations in the region (ESCAP,
1990). Other important geological formations include
granite and volcanic rocks. Information on soil condi-
tions is sparse. The only soil map of the area clas-
sifies most of the upland soils as Orthic Acrisols
(FAO/LTNESCO, 1974). Soils are generally reddish-
brown and moderately acidic (Roder et al, 1992).

Description of individual studies
Characterization of existing land use systems was the
overall objective of the various studies. Findings dis-
cussing weed distribution, land use, use of perennial
crops, and traditional rice varieties have been report-
ed separately (Roder et al., 1994, 1995a; Phouaravanh

et al., 1994). This paper summarizes results relating
to soil properties and rice yield. Objectives and loca-
tion for the individual studies listed below are given in
Table 1.

Household survey
Surveys were carried out during the rice-growing sea-
sons using a formal questionnaire supplemented by
field observations (Table 1). Villages visited were cho-
sen randomly. The choice of household informants was
left to the discretion of the surveyors and was strongly
influenced by advice of particular village headmen.
A total of 129 households located in 3 districts of
Oudomxay (all in 1991) and in 4 districts of Luang
Prabang Provinces (mostly in 1992) were included.
The survey questionnaire focused largely on land use-
related issues. Respondents were asked to rate a list
of possible constraints and enumerate the constraints
they considered the most important.
  During the survey in 1991, soil samples were col-
lected (10-15 subsamples of 0-15 cm depth) from: a)
fields currently under upland rice (slashed-and-burned
in the same year); and b) fields that farmers expect-
ed to slash and use for cultivation in the coming year
(last year of fallow). Additional observations taken for
fields visited included: slope gradient, cropping period
and fallow period.

Crop cut measurements

Two randomly selected 2 x 5m plots were harvested
each from 50 fields visited (100 plots). From each plot
a composite soil sample of 5-8 subsamples from 0-
10 cm depth was collected and analyzed (Table 1).
Hills per area and panicles per hill were counted from
a subsample of 1 x 1m. Slope gradients and fallow,
periods were recorded.

Yield-soil- weed survey

Fifty-five fields were selected, covering fallow periods
ranging from 2 to 20 years (Table 1). Five plots of 1 x
1m each were randomly selected in areas where the rice
crop visually looked better and areas where the crop
looked poor. The following observations were made
for each plot:
   Visually estimate rice yield, and biomass of weeds
    and tree seedlings or coppices.
   Count the number of rice hills and the number
    of plants of the major weed species Chrornolne-
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Table 1.  Main objectives, location of studies, and details for soil analysis

       Study and main objective               Location                              Soil analysis
                                                               (Province/districts)

       Household survey (1991/92)          Luang Prabang (Vieng-       Laboratory 1 (L1)a

       Characterization of landuse           iham and Xaengnguen        0Mb. pH. exchangeable Al,
        systems                                           districts)                              Total N, Total P. EXPC. ExKd

        Identify constraints to rice            Oudomxay (Houn, Say,
        production                                    Beng. and Namo
                                                              districts)

        Crop cut (1991)                            Luang Prabang                    Laboratory 2 (12)
        Estimate rice yield                          (Xiengnguen. Vieng-            0M, pH, total N, Total P, ExP,
        Relate yield level to soil                kham and Pongsay              ExK, Texture
        parameters                                    districts)

       Yield-soil-weed survey (1993)      Luang Prabang                      Laborarory 2
        Identify relationships between      (Xiengnguen district)           OM.,pH, Total N, Total P, ExP,
       rice yield, weed, and soil                                                          ExK, NO

3
, HN

4
, exchangeable

       parameters                                                                                AVMg/Ca. CEC, Texture,

       Soil changes and soil loss in the   Luang Prabang                   Laboratory 1
       cropping period (1992)                 (Xiegnguen district)           014 pH. exchangeable Al, Total
       Document changes in soil                                                         N. Total P. ExP, ExK,
       fertility during cropping                                                           extractable N(NI14 + NO3 +
       period                                                                                     NO2)
       Relate changes to soil loss

a L 1 = D e p a r t m e n t  o f  L a n d  D e v e l o p m e n t .  B a n g k o k ,  T h a i l a n d ;  L 2    D o n g d o k ,  D e p a r t m e n t  o f  A g r i c u l t u r e
a n d  E x t e n s i o n ,  Vi e n t i a n e ,  L a o  P D R .
b O M  -  O rg a n i c  m a t t e r.
cE x P =  e x t r a c t a b l e  P.
d E x K  =  e x t r a c t a b l e  K .
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  na odorata. Ageraturn conyzoides and Lygodium
  flexuosum.
   Collect soil samples (6 subsamples m2) from 0-
   15 cm depth for analysis of soil parameters.

Measurements of soil changes and soil loss in the rice
cropping period

A monitoring area of 20 x 20m was marked at five
sites (S1-S5) in March (Table 1). Sites selected have
soils representative of the region, were uniform in
slope, had undergone several fallow/crop cycles and
were free of large termite mounds or large root wads.
Barriers made of bamboo and soil were build around
the plot perimeter to avoid runoff interaction from the
surrounding areas. Soil samples were collected before
burning (Al) (S 1 only), immediately after burning
(March, A2), after planting rice (late May to early

June, A3), 60 days after planting rice (A4), and at

the time of rice harvest (A5). At each site, a compos-

ite sample consisting of 20 subsamples ‘was collected

with an Oakfield core sampler (20 mm diameter). Sub-

samples were collected from depths of 0-3, 3-10, and

10-25 cm at points on a grid pattern of 4 >c 5 m dis-

tances. During the same period soil loss was measured

at three sites (S2, 53 and S4) in collection ditches

dug below the monitoring plots (20 m long) and lined

with plastic. Soil accumulated in the ditches was mea-

sured and removed monthly from May to October. An

air-dried subsample from each month was retained for

laboratory analysis.

Processing of soil samples and chemical analysis

All soil samples were air dried and forwarded for chem-

ical analysis to the Department of Land Development
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(DLD, Bangkok, Thailand) or Soil Survey and Soil
Classification Laboratory (SLC) Dongdok. Depart-
ment of Agriculture and Extension (Vientiane, Laos)
(Table 1). Analytical methods used by the DLD were
Waildey-Black for organic matter, 1:1 soil water ratio
for pH, micro Kjeldahl for total N, x-ray fluorescence
method for total P, potassium chloride extraction for
exchangeable Al, Bray-2 for extractable F; ammorn-
urn acetate extraction for extractable K, and magne-
sium oxide-Devarda alloy stem distillation method for
available N (Soil Survey Methods Manual, DLD 1992
unpubl.; Page et al., 1982). Analytical methods used
by the SLC were wet combustion with K2Cr2O7 in
H2S04 for soil organic matter, 1:2.5 soil water ratio
for pH, Olsen for extractable F, acetic acid extraction
for extractable K, ammonium acetate extraction for
CEC, exchangeable Mg, and exchangeable Ca, potas-
sium chloride extraction for exchangeable Al (SLC
Laboratory manual, unpubl-; Page et al., 1982).

Data analysis

Results were checked for normality. Weed density data,
not following a normal distribution pattern, were trans-
formed for all statistical calculations by the formula (x

+ 0.5)1/2. Regression analysis. principal component
analysis. and t-test were used to relate crop yield with
other parameters and to evaluate land use effects on
selected parameters.

Results mud discussion

Farmers: perception of constraints to rice
production

Weed competition was considered the single most
important constraint to upland rice production (Table
2). Some of the other important constraints listed, such
as land availability (or short fallow) and labor, can be
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Fig 3  Available N (NH
4
. NO

3
, and NO

2
, mg kg -1)from sample

collected at five sites in Xirngnguen district (1992), A2) after burn-
ing, A

3
) after planting rice. A

4
) 60 days after planting, and A

5
)-

time of rice harvest. Sampling depths were 0-3. 3-10, and 10-2
cm.

Table 2. Major constraints to upland rice production indicated
  by slash and burn farmers of Luang Prabang and Oudomxay
  provinces

Constraint

Weeds
Rodents
insufficient rainfall
Land availability
insectsc

Labor
Soil suitability for rice production
Erosion
Domestic animals
Wild animals
Disease

Frequency
(% of respondents)

85
54
47
41
34
24
21
15
15
11
 8

 asample size was 129 households.
 bAlso included the constraint “short fallow period”
 cMostly white grub.

directly related to weeding requirements. Most farm-
ers considered their soil resources as adequate for rice
production and did not perceive soil erosion as major
constraints and it is obvious that the reduction in fallow
lengths has had a stronger effect on weed pressure than
on soil fertility levels (Roder et al., 1994).
  Farmers customarily provide adequate weed con-
trol, and weeds are therefore not a direct yield con-
straint but a constraint to labor productivity. Weed con-
trol in upland rice production requires about 150-200
days ha1 or 40-50% of the total labor input (koder
et at., 1994). Considering the extremely high labor
inputs for weed control the farmers rating is realistic.
As a result of shorter fallow periods, labor require-
ments for weeding have increased substantially over
the last few decades.

Relationship between fallow period, soil organic
matter and other soil fertility parameters

Soil organic matter and N content was similar for soil
samples taken from fields with a rice crop (slashed-.an&
burned a ‘few months earlier) and from fields in the last
year of the fallow period (Table 3). The average fallow
period in the region is presently about 5 years (Roder
et at. 1994), and an organic matter buildup during
the fallow period was expected to partially replace the
organic matter lost during the cropping period (Lugo
and Brown, 1993).
  Several authors have shown an increase in the
organic matter content immediately after burning
(Andriesse and Schelhaas, 1987; Kyuma et al., 1985;
Nye and Greenland, 1960). Kyuma et al. (1985) sug-
gested that this increase could be attributed to unburned
litter and partly to carbonized litter The lack of differ-
ences in soil organic matter content between samples
taken from fields in the crop phase and fields in the last
stage of the fallow phase could be the result of an mm
tial increase after burning. Soil samples were collected
3-4 month after the burning.
  Soil pH and extractable K were generally higher for
fields that were subjected to a recent burning (present
rice crop) when compared to fields in the last stage
of the fallow, although high variability for extractable
K precluded statistical significance for the differences.
The increase in soil pI-! and extractable K as a result
of burning has been well documented (Andriesse and
Schelhaas,1987; Kyuma et at, 1985; Pushparajah and
Bachik, 1985). These changes are partly attributed to
the ash deposits.
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Therefore only the results of simple correlation anal-
ysis are used in the discussion. The only parameters
that showed a weak association with rice yield over
a large sampling area were soil organic matter (r =
0.42, p<0.01) and density of Ageratum conyzoides and
Lygodium flexuosuin (negative relationship, Table 4
and 5). In the yield-soil-weed survey rice yield was
related to NO3 (r=0.23) and NH4 (r=0.29). Ammo-
mum and NO3 were not measured from the crop cut
samples. The level of available N fluctuates substan-
tially over the growing season, with a peak during the
period after planting coinciding with the beginning of
the raining season (Fig. 3).
   The positive association between soil organic mat-
ter and rice yield could largely be due to its effect on
soil physical properties. Unfortunately our investiga-
tions did not include soil physical measurement& With
an annual rainfall average of 1300 mm, soil moisture is
likely to be limiting rice yields in some years. Fanners
also considered insufficient rainfall as a more impor-
tant constraint to rice production than soil properties.
Moisture retention, water infiltration, and water hold-
ing capacity would therefore all be important proper-
ties of the soil to be considered.
   From all the survey conducted regression analy-
sis did not show any associations between yield and
extractable P. extractable K, or soil ph. Similarly no
association could be found between rice yield and den-
sity of the major weed C. odorata (Table 5). Measure-
ments from the yield-weed survey, however, showed
most soil fertility parameters to be inferior from sites
with poor rice yield. The difference was 6, 9,11, 11
and 16% for organic matter, total N, NO3, extractable
P, and extractable K, respectively (Table 6).
   Ageratum conyzoides and L. fiexuosum were posi-
tively relatcd to extractable K (r = 0.25 and 0.21) and
negatively to total N (r = -0.26 and -020). Further-
more, L. fiexuosum appears to be favored by low Ca
(r= -0.38) and Mg (rz -0.27) availability and a low pH
level (r= -0.30).

Soil dynamics during the cropping period

Burning increased the extractable P and K in the topsoil
interval (0-3 cm) of site S1 by 76 and 60%, respec-
tively. Similarly soil ph was increased from 14 to 5.8.
This effect is mainly caused by ash deposits. After
burning the average value for organic matter, total N,
available P. available K and pH all decreased over the
season (Table 7, Fig. 2)- Nitrogen and organic matter
losses were substantial for all three intervals measured,

whereas changes for other parameters were generally
limited to the 0-3cm interval. Changes in nitrogen con-
tent are less variable than changes observed in organic
matter content. This is consistent with earlier studies
(Roder et al., 1995b), where similar soils under the
same conditions had coefficients of variation of 8.6,
5.1, and 10.1 for total N and 20.7, 14.0, and 13.4 for
organic matter contents at depths of 0-3, 3-10 and
10-25 cm, respectively.
   The decrease in organic matter and N was accom-
panied by a substantial increase in available forms of
N (NH4, NO3 and NO2,Fig. 3) During the period
from the time of burning to the planting of rice the
average levels for these forms of N increased by 56,
77 and 60% for depths of 0-3, 3-10 and 10-25 cm,
respectively (assuming bulk density of 0.9, 1,0 and 1.]
for soil depth intervals of 0-3, 3-lO, and 10-25 cm,
respectively). Mineralization of organic matter is the
main source of N for the rice crop. As a result of N
uptake by the rice crop and N losses, the pool of avail-
able N started to drop 30-60 days after rice planting
The total quantity of available N in the top 0-25 cm
of soil was 72, 118,110 and 92 from soil samples col-
lected after burning, at the time of planting, 60 days
after planting, and at rice harvest, respectively. Vis-
ible N stress in the form of yellowish appearance of
rice crops can frequently be seen. Nitrogen may be a
key soil nutrient limiting yield in some instances. In a
fertilizer trial (unpubl. data by authors) application of
30 kg N, 30 days after planting rice resulted in yield
Increases of up to 75%.
   Nitrogen fertilizer was considered the most impor-
tant factor contributing to an increase in rice yields
in northern Thailand (Hoey, pers. commun, Thai-
Australian project). While it will be impractical and
uneconomical for most Lao upland farmers to use nitro-
gen fertilizers, the use of nitrogen-fixing legumes may
be a key to increased rice yields.
   The quantity of organic matter and N lost from the
time after burning till rice harvest for the top 0-25 cm
of soil was about 10,000 and 400 kg ha-1,respectively
During the same period the quantity of organic matter
and N lost in the runoff soil at the three sites measured
was 970 and 50kg ha-1, respectively. Tulaphitak et al..
(1985) estimated a loss of 13,000 kg of organic matter
ha’ in the first year afterburning for slash-and-burn
systems in northern Thailand.
   Soil loss varied substantially between sites (Table
8). The differences observed are probably caused by
the combined effect of soil physical (texture, clay type,
water infiltration) and biological differences. Soil loss



Table 6. Soil and plant parameters for samples taken from field por-
tions with good (above field average) and poor yield (below field
average)

Parameter          Yield level T-test

Good Poor PR>F

a) Soil samplesa

Soil organic matter (%) 3.18 (22)b 2.98 (23) 0.02
NO3 (mg kg-1) 5.75 (42) 5.11(38) 0-05
Total N (%) 0.22 (16) 0.20 (19) <0.01
Total P(mg kg-1) 816 (20) 770 (18) <0.01
Extractable P (mg kg-1) c 4.10(4!) 3.64 (43) <1101
Extractable IC (mg kg-1) 211(33) 177 (35) <0.0)
CEC (meq 100g-1 soil) 60.4 (31) 56-3 (35) c001
Ca(meq 100g-1 soil) 6.8 (78) 6.1 (90) <0.01
pH 5.66(9) 5.60(10) (105
At (meq 100-1 soil) 0.38 (189) 0.55 (154) <0.01

b) Field observation
C. odorata (no. m-2)d 7.7 (54) 9.) (51) <0.01
A. conyzoides (no.m-2) 25.1 (84) 29.8 (82) 0.02
L.flexuosum (no.m-2) 01(42) 13(50) <0.01
Plant density (hills m-2) 13.6 (21) 12.0 (26) <0.01
Rice yield (Mt ha-1) 1.5 (28) 116 (40) <0.01

a Number of samples per yield level were: a) soil samples 55, b) field
observations 280.
b Coefficient of variation for mean (for weed density the CV. for the
transformed data is given).
c Olsen.
d Observations for weed densities were transformed by (x+05)1/2 for
statistical analysis.

Table 5. Yield and weed density relationships (correlation coefficients. 560 samples)

                                                                                                 Correlation coefficients

Range Yield Hills C. odorata A. conyzoides     L. flexuosurn

Yield(MT ha-1) 0.02-3 - 0.32***a NS -0.12**                -0.19***
Hills (no.m-2) 1-23 0.32*** - -0.10** NS                     -0.19~
C.odorata (no. m-2)b 0-45 NS -0.14 - NS                    NS
A.convzoides(no. m-2) 0-115 -0.12** NS NS -                      0.20***
L flexuosum(no.m-2) 0-8 -0.19*** -0.20~ O.16*** 0.23***                -
Tree biomass(g m-2) 0-300 NS NS O.19*** NS                     NS

aPR>F: *<0.05 **<0.01,<0.001.
bObservations for weed densities were transformed by (x+O.5)1/2 for statistical analysis.

at site 54 with a slope of 40% was insignificant. At
the other two sites the soil loss observed, although
high, was still within the limits generally accepted for
agricultural land. The nutrient quantities lost in the
runoff soil are small. Only 10 and 12% of the loss

of organic matter and total N, respectively, could be
accounted for by the run off material collected.
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Summary and conclusions

The relatively extensive soil and rice yield measure-
ments did not reveal strong associations between soil
parameters and rice yield. The soil conditions prevail-
ing in die area studied are extremely heterogeneous,
influenced by the hilly topography, microclimate and
landuse. Interactions between soil parameters, landuse,
and crop yield under these conditions are very com-
plex and difficult to explain. Attempts to characterize
effects of landuse practices on soil parameters are fur-
ther complicated by:

       Farmers adaptation to existing soil conditions, such
      as choosing shorter fallow periods for soils with
     higher fertility;

      Cumulative effects of previous cropping and fal-
      low cycles. In our investigations we could only
     consider the last fallow period;

   Timing of soil sampling. Rapid changes in parame-
    ters measured can occur over a period of few weeks
    (Tulaphitak et aL, 1985).

   Soil organic matter is the only soil characteristic
that consistently showed some relationship with yield,
whereas available P is consistent in the absence of
any relationship. The fact that most parameters such
as available P, available K, and CEC generally used
to describe soil fertility did not show any relationship
with rice yield is, however, no proof that soil fertility is
not limiting rice production. Soil measurements in the
crop cut and the survey evaluating weed and soil effects
on rice yield were taken late in the growing season of
the rice crop. It is well documented that earlier stages,
especially tillering and panicle initiation, most strongly
respond to nutrient availability. The losses of N and
organic matter are high. The fast mineralization rate of
organic matter is an important source for N and other
plant nutrients, yet systems aiming at longer cropping
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  Parameter                                  Soil depth 0-3 cm                       Soil depth 3-10 cm

                                                 Aa            B T-test A B             T-rest

pH                                         5.8          5-6 0.07 5.1 54           NS
Organic matter(%)              513        4.45 <0.01 3.42 313         0.06
Total N (%)                          0.262     0.232 0.01 0.206 0.190     <0.01
Total P (mg-1 kg)                 772        736 NS 625 641         NS
Extractable P (mg-1 kg)b    26.4       22.0 0.09 10.1 10.5        NS
Extractable K (mg-1 kg)     356        297 <O.01 173 157         NS

Table 7. Average values for soil parameters measured after burning (March) and at the
time of rice harvest (November) 1992 (5 sites)

a = sample taken after burning (April), B sample taken at the rime of rice harvest
(November).
b Bray 2.

Table 8. Soil loss horn 3 sites in Xiengnguen district during the 1992 cropping season (measured from
May to October)

Sire     Slope (%)        Soil loss          O.matter            Nitrogen      Total P      Available P Available K

     Run off losses in kg ha -1

 S2      40                    29’300 1500                67                30     2.1  15
 S3      55                 26000 1400                71                27     1.0  11
 S4      40                 300 2                         1                <1    <0.1  <1

                          Average concentration (mg 100g soil -1)a

 Eroded soil 4830                265               78     2.6 38
 Top soil (0-3 cm, July) 5719                282               101    4.9 42

aFrom soil accumulated in collection ditches (eroded soil, May to October) and soil samples collected
from the top 0-3 cm in July (Top soil)
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periods will need to include strategies that reduce the
speed of organic matter mineralization.
    Crop yields are the result of a multitude of  factors
interacting throughout the growing season. Soil fer-
tility constraints are likely to be interacting with oth-
er constraints such as rainfall and disease prevalence
(especially blast). It appears’ that we have presently no
simple method to measure ‘soil effects on rice yield
under upland conditions. Future attempts to identify
constraints to upland rice production under the giv-
en conditions need to incorporate observations on soil
physical properties, and should include repeated mea-
surements during critical periods of the growing season
such as panicle initiation and flowering periods.
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Abstract

   Slash-and-bum rice production systems in northern Laos are undergoing dramatic changes.
Increased population pressure and regulations limiting access to land have resulted in shorter
fallow periods. Limited information is available on nutrient dynamics in slash-and-bum systems of
Southeast Asia in general and particularly on effects of reduced fallow length. Crop and fallow
effects on soil parameters and fallow vegetation were quantified in slash-and-bum fields in Luang
Prabang, northern Laos from 1991 to 1994. Over the cropping season from May to October
declines of 8, 7, and 3% organic C and 33, 40, and 53% extractable P. were observed for the depth.
intervals of 0-3, 3-10 and 10-25 cm, respectively. Over the same period extractable K declined
by 34% in the 0-3 cm interval and increased by 15 and 17% in the 3-10 and 10-25 cm intervals.
The declining trend continued over the 3 year crop-fallow cycle with losses (depth 0-100 cm) of
29±7.6 t organic C ha-1, 2.0 ± 1.1 t total N ha-1, and 0.7+0.81 extractable K ha-1. At the
end of the fallow period the above ground biomass contained 100 kg N hat 5 kg P ha -1, and
140 kg K ha-1. The fallow vegetation was dominated by Chronzolaena odorata with a gradual
succession towards tree and bamboo species. The nutrients in the above ground fallow vegetation
represent only a small fraction of the N and C lost due to mineralization and leaching. With the
present no-till system, mineralization losses are far more serious than losses due to soil erosion.
Short fallows will result in a fast decline and low equilibrium of soil organic C levels, reducing
the potential for rice yields and limiting farmers choice for other land use options which may
become available with better market access.

Keywords: shifting cultivation; rice; soil fertility; C-loss
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1. Introduction

    Slash-and-bum agriculture remains a dominant land use system in many parts of the
tropics. Although systems vary, most slash-and-burn farmers depend on perennials to
suppress weeds and recover soil fertility during the fallow period. Observers generally
agree that slash-and-bum systems are sustainable with long fallows, but many caution
that the systems will collapse due to insufficient restoration of soil fertility levels if
fallows are reduced (Jordan, 1985; Sanchez and Logan, 1992; Warner, 1991). Accumu-
lation of soil organic matter during the fallow period and ash deposits from the burned
biomass are the main factors contributing to increased soil fertility at the end of the
fallow period. The biomass of the fallow vegetation is generally a major pool for
potassium. calcium and magnesium (Andriesse and Schelhaas, 1987; Jordan, 1985; Nye
and Greenland,’ 1960; Sanchez, 1987). However, most of the nitrogen and phosphorus, is
located in the soil and the additions from the burned biomass are less important.
   Mineralization of organic matter, occurring at high rates after the initial burning of
die plant biornass, is an important source for N and other plant nutrients. Tulaphitak et
al.(1985) estimated a loss of 13 t organic matter ha-1 ,in the first year after burning for
slash-and-bum systems in northern Thailand. Similarly, organic matter losses of 10
ha-1,during the cropping period after burning were reported from a study conducted in
northern Laos (Roder et a)., I 995a). Organic matter and nutrient dynamics under shifting
cultivation systems have been described for African, Asian, and South American
conditions (Brubacher et at, 1989; Nakano, 1978; Nye and Greenland, 1960; Nye
and Greenland, 1964; Sanchez Ct al., 1983; Tulaphitak et al., 1985; Van Reuler and Janssen,
1993a; Zinke et al., 1970) yet, quantitative data for nutrient pools are limited to
information obtained by measurements taken at one point in time, and few investigations
have quantified nutrient dynamics over an entire cropping and fallow cycle. Further-
more, several authors have emphasized a lack of soil fertility data relating to slash-and-
burn agriculture in the hilly regions of Southeast Asia (Nalcano, 1978; Sanchez, 1976).
   Slash-and-burn agriculture with upland rice as the major crop is the predominant land
use system in the hilly areas of northern Laos. Over the last 20 years. average fallow
periods have been reduced drastically (Roder et at, 1994). Although farmers consider
labor requirements for weeding as a far more important constraint to upland rice
production than soil fertility, there is a growing concern about the environmental as well
as agronomic effect of reduced fallow length and there is an urgent need to quantify
trends in soil fertility and weeds under the reduced fallow periods Soil nutrients and
fallow vegetation were, therefore, measured in 4 slash-and-burn fields in 1991 to 1994
to document dynamics of soil fertility parameters and fallow vegetation during the
cropping and the fallow cycle and to quantify major nutrient pools. The findings from
this study are expected to (1) substantiate statements associating soil fertility trends with
fallow period, (2) provide base line data to quantify future fertility trends, and (3) help
optimize future use of land resources in the hills of Laos.
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2. Materials and methods
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2.1. General description of area, firming system, and monitoring sites

  The studies were carried out in the Xiengnguen District in the Province of Luang
Prabang in northern Laos (190N). Approximately 25% of the total upland rice area of the
country is in this province. Upland rice is generally cultivated on sloping land using
slash-and-bum methods without tillage and without inputs of fertilizers. Slopes can
range from 0 to over 100%, but over 70% of the upland cultivation is limited to slopes
in the class O~-30% (World Bank, 1995> Rice is planted in hills with the help of a dibble
stick A single crop of rice is followed by fallow periods of 2-10 years.
  The climate is dominated by the monsoon with a dry period from October to April
and moderate to high rainfall from May to September. The average rainfall for Luang
Prabang town was 1340 mm for 1961-90 and ranged from 1064 to 1406 mm in
1991-94. Sandstone, limestone, and clastic rocks of Mesozoic and Paleozoic origin are
the dominant geological formations in the region (ESCAP. 1990). Other important
geological formations include granite and volcanic rocks. Upland soils were classified as
Orthic Acrisols (FAO/UNESCO, 1974) and are generally reddish brown and moder-
ately acidic.
  Four monitoring areas (SI -S4) of 20 X 20 m were selected and delineated in April
1991 after farmers had burned the dry, above ground biomass (Table 1). Sites 1 and 2
were located close to Ban Lorig-O and sites 3 and 4 close to Ban Phonthong. The 2
villages are about 25 km apart. Sites selected had soils representative of the region, were
uniform in slope, had undergone several fallow/crop cycles, and were free of large
termite mounds or large root wads. The fallow periods prior to the burning ranged from
6 to 8 years. All plots were located inside existing fields and farmers followed the same
practices in the monitored plots as in the surrounding field. Rice was planted in May
1991 at densities of 8-12 hills m2       Weeding was done manually 3 times during the
season. After the rice harvest in November 1991, fields were left fallow for 2 or more
years The cultivators of site S1 and S2 decided to plant rice again after 2 years of
fallow. The average fallow length in the district observed in a 1991 survey was 4 years
(Roder et al., 1994).
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Table 1
Description of slash-and-bum fields used in the study a

S1 S2 S3 S4

Elevation Un) 460 450 540 520
Slope (%) 35 45 28 45
Soil type b Dystric Cainbisol Dystric Cambisol Ferric Alisol Ferric
Alisol
Years falIow 6 6 8 8

a Sites were located in the Xiengrguen District. Luang Prabang Province, Laos (Si and 52 near Ran Long-O.
S3 and S4 near Ban Phonthong).
b Soil Sorvey and Soil Classification Laboratory Dongdok. Department of Agriculture and Extension.
Vientiane.
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   Short range variation at SI and a second location (not included in the monitoring
study) was quantified in 1991 using an Oakfield core sampler (20 mm diameter) and 20
individual samples per plot (Roder et al., 1995bY Coefficients of variation for the top
interval (0-3 cm) averaged over 2 sites were 10.4% for p1-I, 8.7% for total N, 20.7% for
organic C, 12t% for total P. 75.8% for extractable P, and 44.8% for extractable K.
Variation generally decreased with increasing depth of soil, except for soil organic C.
Following this preliminary study the number of subsamples required to estimate changes
of 10% at a confidence level of 95% was less than 15 for all variables measured, except
for extractable P and K.

22. Soil sampling

   Twenty subsamples per plot were collected in a grid pattern using an Oakfield core
sampler (20 mm diameter). Sampling depths were 0-3, 3-10, 10-25, 25-50, 50-75,
and 75-100 cm. Sampling was done in May 1991, 1992, 1993, and 1994 (S1 and S2
before burning). Additional samples from the 3 top intervals were collected from all
sites after rice harvest in 1991 and from plots S1 and S2 after slashing (March), burning
(May), and rice planting (May) in 1994. Soil bulk density was measured in 1994 taking
5 subsamples per site with the Oakfield core sampler.

2.3. Soil loss

   Attempts were made to measure soil loss by placing 20 steel pins (80 cm) in each site
before the onset of the rainy season in 1991. Due to moderate erosion, no height
differences could be observed at the end of the 1991 cropping season. The method was
presumed unsuitable and no further measurements were made.

2.4. Processing of soil samples and chemical analysis

   Samples were air-dried and sent to the laboratory of the Lands Development
Department in Bangkok for analysis of pH, organic C (Walkiey-Riack acid dichromate
digestion), total N (semimicro Kjeldahl), extractable P (Bray 2), extractable K (extrac-
tion with I N NH4OAc), Al (KCl extraction), and CEC (extraction with I NH4OAc at
pH 7, DLD, 1992; Page et al., 1982).

2.5 Plant sampling

   Above ground biomass was measured at the time of rice harvest in October/Novem-
ber 1991 and after 1 and 2 years of fallow in December 1992 and 1993. In 1991, all
plant biomass was harvested from 10 randomly placed I x I m frames- In 1992 and
1993, plant dry matter was estimated by cutting and weighing the above ground biomass
from a representative area of 9 m2 adjacent to the monitoring plot. Plant material was
measured separately for the most important species Dry matter was calculated based on
a moisture content of 12% for the air-dried subsamples. Litter fall was measured during
the second year of fallow (1993). Four wooden boxes of 0.25 X 0.25 m, with a bottom
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of 2 mm wire mesh screen were placed randomly in each plot and the material
accumulated was removed at monthly intervals.
  Plant samples for the major species from the 1991 and 1992 plant measurements (one
combined sample for all the sites) were analyzed for N, K, F, and Ca content by the Soil
Survey and Soil Classification Laboratory (SLC) Dongdok, Department of Agriculture
and Extension (Vientiane, Laos). Nitrogen, K, P, and Ca content of different plant pans
analyzed were reported earlier (Roder et al., 1995c). Litter samples were analyzed
separately for each month and each site,

2.6. Presentation of results

  Except for an overall budget of organic C, N, extractable F, and extractable K, all soil
data are discussed relative to soil mass. Soil bulk density was measured in 1994 only.
Various studies have shown that bulk density changes during the course of the fallow
and cropping period but these changes are generally small (Brown and Lugo, 1990; Nye
and Greenland, 1964). hi a study by Nye and Greenland (1964) with forest cover as
original vegetation, burning and 2 years of cropping resulted in less than 2% change in
bulk density in the top 25 cm soil interval. Authors were aware of the impact of bulk
density changes on the original sample depth, but given the soil type, the relative short
fallow period, and the absence of tillage, the changes are not expected to affect the
results significantly.
  Most studies monitoring soil or vegetation dynamics in slash and burn systems are
limited to one site (Andriesse and Schelhaas, 1987; Seubert et al., 1977; Tulaphitak et
at, 1985). Because of extreme variation, the results from studies encompassing more
than one site are usually discussed separately for individual sites (Sanchez et at, 1983;
Van Reuler and Jaussen, I 993a). In our discussion we present average data for the four
sites, along with a measurement of variation. While this way of presentation does not
obscure any of the trends, changes observed (even if consistent across sites) are often
not significant because of the high variations between sites.

3. Results and discussion

3.1. Soil observations

  Our observations documenting an initial increase after burning and subsequent
decrease for most soil nutrient status parameters are consistent with those reported by
others (Nye and Greenland, 1964; Sanchez et al., 1983; Seubert et al., 1977; Tulaphitak
et al., 1985). Due to the previous depletion of soil organic C because of repeated cycles
of short fallows and the limited quantities of above ground biomass present at the time
of burning, the magnitude of the changes are comparatively small in our study (Table 2,
Figs. 1-3). The effects of biomass burning on soil pH, and extractable nutrients are, to a
large extent, the result of ash deposits (Van Reuler and Janssen, 1993b) and therefore
depended on the available biomass quantity and its composition. Biomass quantities in
our studies (not measured) were estimated at  <25 t ha-1, compared with 30-80
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Table 2
Average values for soil parameters measured in four slash-and-bum fields in northern Laos after burning (A)
and at the time of rice harvest (B) 1991

Parameter                                    Soil depth 0-3cm                     Soil depth 3-10 cm               Soil depth 10-25 cm

Aa B T-test b A B F-test A B F-test

pH 5.5 5.3 023 4.7 48 0.32 4.5 4.6 0.08
Al (meq 100 g-1) 0.3 0.5 036 2.9 2.4 0.02 4.2 3.5 <0.01
Organic C (%) 3.3 3.0 0.20 2.3 2.1 0.20 1.6 1.5 0.66
Extractable P (mg kg-1) C 24 16 0.06 7.9 4.7 0.09 4.3 2.0 <0.01
Extractable K bug kg-1) 347 229 0.06 127 146 0.09 83 97 0.22
CEC (meq 100 g-1) 15 16 0.29 13 13 0.22 11 12 <0.01
Exch. Mg(meq 100 g-1) 3.0 2.4 0.06 1.1 1.2 0.50 0-6 0.7 039
Exch.Ca(meq 100g-1) 3.8 4.5 0.33 11 3.0 <0.01 0-7 2A <0.01

a  A = sample taken after burning (May). B = sample taken at the rime of rice harvest (November).
b Probability level of T-test.
 c Bray Z

Fig 1. Average trends in selected nutrient status parameters during the cropping (1991) and fallow period
(1992-94) for the depth intervals of 0-3, 3-10, 10-25. 25-50. 50-75 and 75-100 cm observed in 4
slash-and-burn fields in northern Laos (ANOVA summary in Table 3).
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reported by Andriesse and Schelhaas (1987), 160-180 by Greenland and Kowal (1960),
and 194 t h-1 by Kyuma et al. (1985). Because of ash deposit and the effect of heat,
the most dramatic changes in the upper soil layers occur at the time of burning and the
period immediately after burning (Sanchez et al., 1983; Seubert et al., 1977; Tulaphitak
et al, 1985). In our study, this effect was observed at the end of the monitoring period
when two sites were changed to rice after a fallow period of 2 years.

3.1.1. Cropping period (1991)
  From the time of planting in May to rice harvest in October, organic C and
extractable P decreased in all 3 depths monitored, although high variation precluded
significance for organic C (Table 2). Extractable K decreased by 34% in the top interval
(0-3 cm) and ‘increased by 15% and 17% in the 3-10 and 10-25 cm soil intervals.
Similarly, the downward movement of elements released from above ground biomass
burning resulted in an increase of pH. CEC, and exchangeable Ca in the 10-25 cm
depth interval. The rainfall from May to September was 947 mm and leaching is likely
to occur.

3.1.2. Fallow period (1991-1994)
  The most important observation is the continuous downward trend over the entire
cropping and fallow period in the soil N and organic C contents (Figs. 1 and 2, Table 3)
with substantial losses of C and N to the atmosphere. On average, losses over the period
or 3 years represented 20% of the total soil organic C and 8% of the nitrogen content in
the 1 m profile (Table 4). While the loss in the initial year occurred largely in the top
soil layer, it was more significant at lower layers in the following years. Sites 3 and 4
had a substantially higher level of organic C but the trends were similar for all sites (Fig.
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Fig. 1 Trends in organic C during the cropping (1991) and fallow period (1992-94) for the depth intervals of
0-3, 3-lO. 10-25. 25-50, 50-75 and 75-100 cm observed in 4 slash-and-bum fields (sites 1-4) in northern
Laos (ANOVA summary in Table 3)
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2) with total C losses over the 25 t ha-1 for site 1, 13 for site 2, 26 for site 3, and 49 for
site 4.
  Zinke et al.(1970) and Nakano (1978) have shown that total N and C in slash-and-bum
systems in northern Thailand reached their lowest levels in the middle of the fallow
period of 4-5 years. Tulaphitak et al. (1985) reported organic matter loses, of’ 8.8%
annually and estimated that 240 kg N, 20 kg P, and 80 kg K would be released during
the first year after burning due to the mineralization of soil organic matter. Estimates of
P, K, Mg, and Ca are probably influenced by organic matter mineralization. Cations
released through mineralization may reduce or magnify changes expected due to
leaching. Soil pH and extractable bases showed a fast decline in the topmost soil layer in
the first year after burning, with a simultaneous increase in the lower soil. layers.
Extractable P and K increased towards the end of the fallow period. But even when
accounting for the K stored in the vegetation, the overall balance for K is still negative
(Tables 4 and’6).
  Many observations on soil changes under slash-and-bum agriculture were limited to
measurements in the upper 0-15 or 0-30 cm top layer, (Nye and Greenland. 1964;
Sanchez et a!., 1983; Tulaphitak et al., 1985). Brown and Lugo (1990) have shown that
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Fig. 3. Changes in pH, extractable P and extractable K observed at two slash-and-born fields (sites 1 and 2) in
northern Laos from samples collected before burning (March), after burning (April) and at the time of rice
planting (May).
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Table 3
Summary cable for ANOVA of soil parameters (mean values arc shown in Fig. 2) observed in four
slash-and-bum fields in northern Laos during 1991-94

0-3 cm
PR> F a
Contrast b

CV (%)

.3-10 cm
PR>F
Contrast
CV (%)

10-25 cm
PR> F
Contrast
CV (%)

25-50 cm
PR>F
Contrast
CV (%)

50-75 cm
PR>F
Contrast
CV (90

75-100cm
PR> F
Contrast
CV (90

 pH

0.02
(1) <0.01
14

0.07
(3) 0.02
23

0.01
(3) 0.04
2.4

0.02
(3) <0.01
23

NS
-
2.8

NS
-
2.0

Exchangeable Ca

0.08
(1) 0.02
22.7

NS
-
32.3

NS
-
35.7

0.05
(1) 0.02
32.8

NS
-
41.0

NS
-.
36.5

 Organic C

0.02
(3) 0.04
78

010
(1)0.04
10.9

0.01
(1) <001
8.4

<0.01
(3) 0.01
9.3

<0.01
(3)<0.02
12.9

<0.01
(3) <0,01
14.3

Total N

NS
-
7.9

NS
-
6.1

NS
-
64

0.10
(1) 0.05
3.9

0.04
(1) <0.01
3.6

0.08
(1) 0.02
5.6

Extractable P

0.10
(2) 0.06
310

NS
-
24.3

<aci
(2) <0,01
20.5

0:10
(2) 0.03
833

<0.01
(2)<0.01
36.3

<0.01
(2) <0.01
20.8

Extractable K

0.09
(1) 0.02
28.5

NS
-
16.0

NS
-
25.6

003
(2) <0.01
11.6

0.01
(3) 0.04
10.0

0.03
(2) 0.02
7.5

a PR > F for change of parameter over time.
b  Orthogonal contrasts, only PR> F value given for the highest order still significant: numbers indicate (1)
linear, (2) quadratic, and (3) cubic

Table 4
Average organic C, nitrogen. P and K changes from the lime of planting (May 1991) to the end of the fallow
period (May 1994) observed in four slash-and-burn fields in northern Laos

Depth Organic C Nitrogen Extractable P Extractable K

(t ha-1) (%) (t ha-1) (%) (kg ha-1) (%) (kg ha-1) (%)

0-25 cm 9+2.6 a 18 0.57±0.44 9 04±16 0.2 606±628 20
25-50cm 7±2.3 18 0.31 ±0.21 5 5.9±7.6 3.3 290± 192 17
50-75cm 7±2.2 24 048±0.14 8 (+)b0.5±2.3 (+)0.4 (4)50±53 (+)4
75-100cm 6-4-23 26 0.59±0.27 9 (4)3.0±1.3 (+)3.3 (+)165±102 (+)14

Total 29±74 20 1.96±1.1 8 2.8±13.7 0.5 681±766 9.4
(0-100 cm)

a Mean ± standard error.
b Accumulation of element.
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Table 5
Average above ground biomass in four slash-and-burn fields in northern Laos during the rice crop (1991) and
cwn subsequent years of fallow (1992-93)

Species Plant biomass (t ha-1)

1991 1992 1993

Chronwloena odorala 0.23 ± 0.07a 4.8 ± 0.7 4.5 ± 1.4
Lygodiurn flexuoswn 0.14 ± 0.03 0.6 ± 0.4 0.1 ± 0.05
Orhcrbroad leaf species 0.17±0.03 0.5±0,3 1.3t0.9
Grasses 0,03±0,02 0.1 ±0.1 0.2±0.1
Bamboo 0.24±0,15 2.1± 1.7 4.0±2.0
Tree species 0.51 ±0.11 1.5±0.9 5.3±1.4

Total C 1-4±0-13 9.8±1.1 15.5±1.9

a Mean ± standard error.
b Not available.
c Rice grain harvested, and rice stem in 1991 was 1.1 and 1.2 t/ha.
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changes in soil C and N occurred throughout the profile. While N and organic matter
losses at depths below 30 cm may have limited agronomic significance they are
important for the overall C and N cycle, especially the C contribution to the atmosphere.

3.1.3. Effect of burning (1994)
   At two sites the vegetation was slashed and burned in early 1994 and rice was planted
in May. Soil samples taken before and after burning did show the distinct burning
effects manifested by an initial increase and subsequent drop for pH and extractable
bases as shown by others (Fig. 3). The magnitude was, however, small when compared
to other studies (Nye and Greenland, 1964, Sanchez et al, 1983; Tulaphitak et al., 1985)
and no response to burning was observed for N and organic C content. This poor
response is largely due to the short fallow and low biomass quantities as discussed
above.

3.2. Plant observations

   The average above ground biomass at four monitoring sites was 1.4 t ha -1 at rice
harvest in 1991 and increased to 9.8 t ha>’ at the end of 1992 (1 year fallow) and 15.5 t
ha -1, in 1993. At rice harvest, tree and bamboo species contributed 61% to the total
biomass (Table 5). Their development is, however, too slow to fill the gap left after the
rice harvest, and after the first year of fallow, tree and bamboo species contributed only
37% of the biomass. Chromolaena odorara, the most important weed and fallow species
contributed 16% to the total above ground biomass in 1991, 49 in 4992, and 29 in 1993.
With progressing fallow period, bamboo and tree species gradually replace C. odorata
(Roder et al., 1995c). Chromolaena odorata introduced in the 1950s has become the
most important weed and fallow species in most slash-and-bum areas of the country.
The contribution of grass species to the weed and fallow biomass is generally small, and
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Table 6
Average N, P. K, and Ca stored in the above ground vegetation a observed in four slash-and-burn fields in
northern Laos during the rice crop (1991) and two subsequent years of fallow (1992-93)

C. odorata Others Bamboo Tree Rice straw Total

N (kg ha-1)
1991 0.9 1.5 1.0 2.2 3.5 92
1992 32.6 5.5 12.6 9.8 60.5
1993 30.1 7.9 24,0 34.5 97.0

P(kg ha-1)
1991 04 0.4 0.2 0.8 1.0 2.7
1992 2.4 0.8 0.4 0.3 3.9
1993 2.3 0.6 0.8 1.1 4.6

K (kg ha-1)
1991 0.6 0.7 1.0 0.6 2.5 5.4
1992 52.8 4.7 27.1 7.7 92.2
1993 49.5 9.2 51.6 27.0 137

Ca (kg ha-1)
1991 1.1 1.8 0.7 5.9 4.0 13.5
1992 14.4 41 2.9 5.4 26.9
1993 13.5 4.9 5.6 19.1 43.1

a Calculated based on N, P. K, and Ca conrern of average plant samples from 1991 and 1992 measurements.
Content for 1992 measurements, reported for individual plant parts by Roder et al. (1995c) were used to
calculate 1993 quantities.

in contrast with some other slash-and-bum systems in Asia, Imperata cylindrica.
although present, is rarely dominant.
  The nutrient quantities stored in the above ground biomass were modest for P. but
substantial for K (Table 6). Upon burning, most of the P, K, and Ca present in the plant
biomass are expected to become available for the crops. In addition to the nutrients
present in he above ground biomass, there is a gradual accumulation in the topsoil
through litter fall. The total litter quantity produced during the second year of fallow was
1.2 t ha-1, with peak of litter fall occurring towards the end of the dry season, when
Chromolaena odorata sheds its leaves (Table 7, Fig. 4). The amounts of plant nutrients

Table 7
Average biomass and N, P, and K content of litter collected in four slash-and-bum fields in northern Laos
during the second year of fallow (1993)

Parameter

Dry matter(t ha-1) 1.2±0.07a

N(kg ha-1) 16±1.9
P (kg -1) 1.6±0.1
K(kg -1) 5.0±0.3

a Mean ± standard error.
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added through the litter are modest and the N and K quantities of litter and above
ground biomass combined are much lower compared to those lost from the soil.

4. Summary and conclusions

  The sail pools of organic C and total N were reduced substantially during the
cropping and the short fallow period- Only a small proportion of the over 28 t of organic
C and 2 t of N losses can be attributed to erosion. Soil loss during the cropping period
was too low to be measured by the pin method. In a separate study, carried out under
similar conditions, soil loss over the cropping period ranged from 0.3 to 30 t ha-1

accounting for about 10% of the N and C losses (Roder et al., 1995a).
  The fallow period of 2 years was too short to reverse the downward trend and soil
organic C and N levels are expected. to decrease further with subsequent cropping-fal-
low cycles until an equilibrium has been reached. Similarly, the fallow periods of 10-15
years reported during the 1950s were not sufficient to restore soil organic C to levels
present before burning. The C pools present at the beginning of the study were therefore
undoubtedly very different when compared to the soil under natural. vegetation. Brown -
and Lugo (1990) suggested that the time for recovery of soil C during succession would
be about 40—50 years. The amount of C, N, and K present in the above ground plant
biomass represent only about 20, 5, and 20% of the quantities lost from the soil pool
during the short fallow period. Any discussion on the contribution of slash-and-bum
agriculture towards the atmospheric C needs .to include the C-dynamics of the soil pool.
The C released from the soil through mineralization after burning is generally higher
than the C released from the burning of the above ground biomass.
  The reduction in fallow period has substantially increased the labor requirement for
weeding and farmers generally attribute more importance to effects of fallow on weeds
than upon soil fertility (Roder et al., 1995a). in recent studies, soil organic matter has
shown only a weak or no association with rice yield, while fallow length has no effect at
all. The absence of a measurable correlation between yield decline and changes in soil
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fertility parameters in slash-and-bum fields has been reported by Sanchez (1976) and
Nakano (1978). They suggested that too much emphasis should not be placed on the
recovery of fertility in the fallow period. The importance of organic C for the
maintenance of soil physical, chemical, and biological properties is, however, well
established and a decline below a critical limit will lead to yield declines. Studies with
additional N-fertilizer inputs have already demonstrated substantial yield increases,
indicating that the mineralization of soil organic matter is insufficient to provide the N
requirements of the rice crop. Furthermore, the tremendous reduction in soil organic C
levels will strongly limit the farmers’ choice for other land use options which may
become available with better access to markets.
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ABSTRACT
Slash-and-bum agriculture, with upland rice as the major crop, is the predominant land use
system in the hilly areas of Laos. The hill population is comprised of a large number of different
ethnic groups and distinct positive and negative slash-and-burn practices have been ascribed to
particular groups. Select “ethnic minorities” are blamed for causing environmental damage and
forest destruction; however, quantitative and qualitative data from literature and surveys do not
support this claim. Variations in land use within the same group are generally larger than
between groups. Practices used today are largely a function of land capability, climate,
population pressures, and past political events. A large number of members of so called “lowland
ethnic groups” are found to be fully or partially dependent on bill agriculture. Fallow periods
have declined and cropping length increased for all groups. Farm typology using socio-
economic indicators rather than ethnic identity should be used in discussion, for policy
formulation, and in the planning and execution of development activities focusing on hill areas.
Future changes in land use will be driven by economic incentives rather than by long-term
ecological concern by the individual farmer and economic incentives promoting ecological
sustainability need to be devised.

RELATIONSHIP BETWEEN ETHNIC GROUP AND LAND USE
                       IN THE HILLY AREAS OF LAOS
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INTRODUCTION

Upland environments, specially those with hilly topography, are inherently fragile and require a
careful approach if used for agricultural production. Resource limitations in lowland
environments and the growing population in the hills put high pressure on hill areas. As this
process can easily offset the fragile equilibrium and cause irreparable damage with major offside
effects, we find a fast-growing interest group at regional, national, and international levels
attempting to enforce rules and regulations on the upland farmer. Customarily all the blame for
environmental problems in the hills and their downstream effects is linked to the hill population,
or segments of it. Hill farmers are often at a serious disadvantage when compared with
populations or farmers living in adjacent lowland areas. Furthermore populations in remote bill
areas frequently belong to ethnic minorities and the problems associated with cultural
differences further magnify the socioeconomic constraints related to geography (Vienne, 1989).
Poor communication, limited access to socio-economic benefits and markets, poor representation
in government bodies, lack of understanding by other groups — all contribute to maintain or
increase the existing disparity.
      The northern and eastern regions of Laos are an almost continuous succession of rolling
hills and rugged mountains with peaks rising up to 2800 m (Stuart-Fox, 1986). Where possible,
floodplains and valley, bottoms are used for lowland (lowland refers to fields that are bunded and
level) rice production. Due to limited area of lowland available, farmers depend to a large extent
on upland agriculture (upland refers to fields that are not banded and usually not level). Hilly
topography combined with low population densities made slash-anch-bum the best land use option
for upland farmers. Rice is the major upland crop, followed by maize, cassava, and peanut
(National Statistical Center, 1993). Following the 1993 statistics, upland rice accounted for 35%
of the national rice area and for 23% of the annual rice production. Present government policies
give high priority to reducing the area under slash-and-bum agriculture. Efforts to limit farmers’
access to land combined with fast population growth have resulted in shorter fallow cycles and
consequently increased weed problems and soil deterioration. Many recent documents discussing
the potential of upland agriculture in Laos make reference to soil fertility as a major constraint
(Fujisaka, 1991; Lovelace, 1991; SUAN 1990). Relatively extensive soil and rice yield
measurements did, however, not reveal strong associations between soil parameters and rice
yield and soil infertility is not perceived a major yield constraint by the farmers (Roder I 995a).
      The population of Laos is made up of more than 60 ethnic groups (Stuart-Fox, 1986).
Based on ethnicity, linguistics, and geographical characteristics, the ethnic groups are divided
into three broad categories: Lao Loum (Lao of the lowlands), Lao Theung (Lao of the mountain
slopes), and Lao Sung (Lao of the mountain summits, Table I). The terms used give emphasis to
the geographic distribution, which is largely arbitrary and violates accepted anthropological
theories on environment and human interactions (Ellen. 1982). Nevertheless this classification is
widely used by government and nongovernment agencies and individuals at international,
national and regional levels when describing the rural population of Laos. This classification
system strongly enforces the bias that farmers belonging to the classes of “slope” or “mountain
summit” dwellers would depend exclusively on slash-and-burn agriculture because of ethnic
preference. In spite of the fact that all ethnic groups are engaged in slash-and-burn agriculture, it
is very common to hear the label that it is “the ethnic minorities” (groups others than Lao Loum)
or the “ethnics’ that live from slash-and-burn agriculture and destroy the forest. Some of the
ethnic groups may have been traditional slash-and-burn farmers, while others have been pushed
from the lowland into the hillsby an increasing population (Halpern. 1961; Izikowitz, 1951).
More recent immigrants, largely members of the Lao Sung category.. simply did not have any
choice but to settle in the more remote, hilly areas.
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      As stated by Kunstadter and Chapman (1978), assumptions concerning ethnic categories
and their relationship to environment, economy, and social structure have important implications
for public policies. Generalization and accusations do not provide a fruitful base for the ongoing
discussions on slash-and-burn agriculture and its associated problems, constraints, and potentials.
There is an urgent need for quantitative data to support or refute popular conceptions about the
relationship between ethnic identity and slash-and-burn agriculture. In this paper we use
references available on land use by hill farmers and data obtained from recent surveys to I)
discuss popular presumptions relating land use and ethnic groups, 2) review quantitative data
describing land use in the past, and 3) describe present land use practices prevailing in northern
Laos with special attention to ethnic identify.

MATERIALS AND METHODS

Review of literature and technical reports
Publications and technical reports discussing slash-and-burn practices, upland agriculture, or
socioeconomic aspects of the hill population were reviewed for quantitative and qualitative
information relating to upland agriculture practices and ethnicity.

information on land use practices
Data from household surveys, crop cut measurements, and a yield-soil-weed survey carried out in
parts of the Luang Prabang, Oudomxay, and Bokeo provinces during 199 1-94 were combined to
compare land use, cropping periods, fallow periods, elevation, slope gradient, density of major
weeds, crop yield, and soil parameters for the individual ethnic groups. The methods of these
surveys were outlined previously (Table 2).

RESULTS AND DISCUSSION

Popular presumptions
Phommasthit (1975) wrote: “In the northern part of Laos bill tribes grow upland rice and depend
totally on it. The Lao government is very disappointed about deforestation for upland rice,
because the hill tribes leave the area after two or three years’ This is a very commonly made
statement and it is understood that “hill tribes” and “ethnic minorities’ refer to ethnic groups
belonging to the Lao Theung and Lao Sung category (Table 1). The use of this terminology in
Laos is probably influenced by the terms used in northern Thailand, although unlike in Thailand,
some of the groups concerned are certainly not minorities. Various authors describing slash-and-
burn systems have distinguished between pioneer and rotational systems. Eased on the
relationship between cultivation and fallow periods, Kunstadter and Chapman (1978) used three
categories: 1) short cultivation-short fallow, 2) short cultivation-long fallow, and 3) long
cultivation-very long fallow to describe the systems used in northern Thailand. Northern Thai,
Karen, and Hmong were listed as examples of ethnic groups using systems 1-3. respectively. At
the same time, the authors were, however, careful to caution against associating land use with
ethnic categories. Many recent observers of the Lao upland agriculture system have apparently
mistaken the “Kunstadter and Chapman classification” as a classification of Lao Loum (northern
Thai). Lao Theung. and Lao Sung (Hmong) agriculture. Repeated citing of the same narrow
reference base without follow-up in the field has resulted in the widespread acceptance of a
preconceived but largely unrealistic association of !and use with ethnic categories.
      Similarly as in Thailand (Vienne, 1989), the terms hill tribes or ethnic minorities often
imply negative connotations such as lack of understanding for the Lao culture (Yananda and
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Nonwakorn, 1925), backwardness (Boudene, 1913), destructive land use (Hakangard et aL,
1990; IUCN, 1988; Phommasthit, 1975; Wirtz, 1959), and being intellectually inferior (Dessaint,
1981; Yananda and Nonwakorn, 1925). While there is absolutely no basis for these disparaging
observations, there is no doubt that non-Lao speaking groups are at a serious disadvantage in a
system where they need to use an unfamiliar language to get access to education and other
government services. Furthermore, hill farmers require a far higher labor input for rice
production compared with lowland farmers and are thus at a very strong economic disadvantage
(Roder et al. 1994).

What groups are practicing slash-and-burn agriculture
There is little information available on the land use practices of the early inhabitants of Laos.
Halpern (1961) suggested that some groups of Lao Theung traditionally used slash-and-bum
cultivation. According to Boudene (1913), Lao Theung farmers in Attopeu used to grow small
areas of lowland rice almost 100 years ago. Following Yananda and Nonwakorn (1925) the Yao
(Lao Sung) originated from Nangking and were traditionally growing lowland rice. Similarly,
Kunstadter and Chapman (1978) provide examples of Hmong (Lao Sung) farmers adopting
lowland rice and plow-cultivation and subsequently changing back to slash-and-bum systems
depending on the opportunities for either form of cultivation. These examples indicate that the
available options ultimately determined the agricultural methods adapted. It is quite likely that
many of the early inhabitants may have used both, lowland and upland rice cultivation.
Increasing economic and political power of the Lao Loum, however, may have forced the other
groups into more remote areas with limited options but to grow rice on the hill slopes (Halpern,
1961). With increasing population, even some of the. Lao Loum themselves were later forced to
change to upland rice cultivation.
      Survey data from Luang Prabang and Oudomxay provinces indicate that all ethnic
groups are engaged in slash-and-burn upland agriculture (Table 3). All Lao Loum villages
surveyed had upland rice cultivation and the contribution from lowland areas to total rice
production was small. Most Lao Loum families in the hilly regions had no lowland, others may
have some but relatively small areas. Similarly, if conditions allow, Lao Theung or Lao Sung
farmers may also have lowland ricefields. In a survey carried out in Nonghet District
(Xiengkhouang Province), none of the Lao Loum and Lao Theung families interviewed had
lowland rice, while the Lao Sung families had 024 hectare on an average (Table 4). It is,
however, not disputed that groups in the Lao Theung and Lao Sung categories are more
concentrated in the hilly areas and thus more dependent on upland agriculture. How far this is the
result of being forced out of the lowland or to take refuge in remote hills and how far it is
cultural preference will remain open for further debate.

Systems diversity: crops, livestock, and trees
There are distinct differences between ethnic categories in crop diversity and livestock numbers.
Lao Sung farmers have’ much higher areas of maize cultivation than the other categories for all
the regions where quantitative data are available (Tables 3 and 4) and they generally have a
higher diversity in the number of vegetable, crop, and perennial species (data not shown) per
family Apparent ethnic differences in choice and importance of perennial species used are
largely a result of environment and available resources. Mango and coconut are the most
important species for Lao Loum, while banana and papaya are more important for Lao Sung
farmers (Roder et al. 1995b). This is clearly influenced by climatic conditions, since mango and
coconut are not suited to the high elevations generally inhabited by the Lao Sung farmers. Age of
settlement may be another factor affecting choice of species. Banana and papaya can both be
harvested within one year after planting and may therefore be the preferred species in newer
settlements. The number of timber species, especially teak, planted by individual families could
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be related to the wealth and the availability of lowland area of a particular household (Roder et
al. 1995b).
      Several authors have credited Khamu (Lao Theung) farmers for their appreciation of
trees and the environment (Hakangard et al. 1990; Tayanin 1992) and claimed that unlike others,
they would influence the fallow vegetation by encouraging the survival of certain species or
refrain from cutting preferred species at the time of slashing. No evidence of such practices could
be found by any of the farmers visited and interviewed. Trees which are too large (Dessaint,
1981) or otherwise too difficult to cut are sometimes left standing and used as support for various
gourd species. Species of economic interest are left in (he field by all upland farmers irrespective
of ethnic group. Examples of such species include Styrax sp. (for benzoin production), wild
banana, wild yam, and trumpet flower (Oraxylum indicum) (Roder et al., I 995b).
      Lao Loum farmers have generally higher numbers of buffalo, while Lao Sung farmers
have more cattle, pigs, and horses. Livestock is the most important source of cash for all
categories and the number of livestock owned is generally an indication of the material wealth of
a household. On an average, the number of large livestock units owned was 2.6, 1.9, and 4.2 for
Lao Loum, Lao Theung, and Lao Sung, respectively (Table 3, buffalo, cattle and horses taken as
I unit, pigs as 0.2 unit). This indicates that the Lao Sung farmers are probably wealthier than
those in the other categories.

Choice of location, altitude
Remote villages at higher elevations are generally settled by Hmong and Yao although many
exceptions exist, The choice of higher or more remote locations may partly reflect the fact that
these groups have moved to Laos more recently and had to use land which was not yet occupied
and thus more remote, and partly the preference for cultural isolation, cooler climate, and
environments free of malaria (1-lalpern, 1961). The Hmong and Yao prefer limestone soils for
their maize and opium fields.

Cropping/fallow cycles, system sustainability
The most frequently voiced observations relating land use to ethnic groups state that Lao Theung
farmers use a comparatively more stable, “ecological”, and environmentally sound system, while
the Lao Sung system is very destructive (Hakangard et al. 1990; RICN, 1988; Wirtz, 1959; Table
5). Others suggest that the Lao Theung use largely rotational systems, while the Lao Sung mostly
use pioneer systems which destroy large areas of forest (Halpern, 1961; Wirtz, 1959). None of
the authors making such claims could offer quantitative or qualitative data to support or validate
their assertions and interestingly enough, observations made by Pavie (1901) and Gourou (1942)
several decades ago entirely contradict the later observations. During a journey through parts of
Pongsaly Province, Pavie (1901) described slopes which have been denuded and made the
comment that like the Hmong, the Lamet (Lao Theung) were destroying the forest. Gouron
(1942) wrote that the Indochinese mountains are inhabited by different groups of people, but that
they had many commonalties, specially concerning land use.
      Some have warned that land degradation and declining yields are recent phenomena for
the hills of Laos (Pujisaka, 1991; SUAN 1990). Limited quantitative information is available on
the productivity and systems sustainability in the past. Pavie (1901) in his extensive travels
through Laos made only scant reference to agricultural practices. Yet some of his remarks clearly
state that negative effects of slash-and-burn practices have already been visible 100 years ago.
Describing his impression from areas in Pongsaly, he said that “slopes are almost always
denuded by ancient cultivation.” Drilon (1965) reported upland rice yields of well below it h-1,
while statistics for the last 3 years, substantiated by crop cuts in the field show a national average
yield of upland rice of above 1.5 t/ha (National Statistical Center, 1993; 1994). Yield data
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provided by Drilon (1965) was perhaps grossly underestimated, but the comparison illustrates
that it will be impossible to prove a declining trend in upland rice yields.
      Traditional slash-and-burn systems are believed to be sustainable and well adapted to
hilly conditions as those prevailing in northern Laos (Ruthenberg, 1980; Warner, 1991). Some
authors suggest that they represent a system where farmers optimize return on labor by using
large land resources. To be sustainable and to provide optimum returns on labor, the slash-and-
burn system require long fallow periods and the length of cropping/fallow cycles can be used as
indicators of sustainability. Gourou (1942) suggested that a 20-year fallow would be the
minimum in many situations in the hills of Indochina. The available quantitative data on past
and present fallow and cropping cycles do not show differences between ethnic groups (Tables 4,
6, 7, and 8) except for a slight tendency of longer fallow and cropping periods for the Hmong
farmers. All records before 1980 indicate fallow periods above 10 years and cropping periods of
1-2 years. Increased population pressure and/or government regulations led to a dramatic
reduction in fallow length across all ethnic groups. In a recent survey interviewing elderly
farmers, the average fallow periods reported for the I 950s, I 970s, and 1992 were 38, 20, and 5
years, respectively (Roder et al. 1994). The effect of reduced fallow length is felt strongly today
in increased weeding requirements. Its effect on soil properties may, however, only become
manifest after the same fields have gone through several cropping and fallow cycles. In the
household survey, farmers rated weed, drought stress, and rodents as far more important
constraints than soil fertility (Roder et al. 1995a). The reduction in fallow length has resulted in
much higher weeding requirements but has apparently not yet substantially affected rice yields.
      There is no consistent difference between the three categories in rice yield, slope
gradient, labor inputs, weeding requirements, and fallow period (Tables 6 and 7). The longer
cropping cycles reported by Lao Sung farmers and the higher organic matter levels observed
may partly reflect the fact that 1) being recent immigrants they are still working on land with
higher fertility status (Table 6), having gone through less cropping fallow cycles; 2) the overall
cooler climate results in slower organic matter breakdown, 3) wider crop diversity allows for
longer cultivation by reducing the impact of weeds and pests; 4) opium production systems are
different from rice production systems. It is quite logical that new settlements of any ethnic
groups in a previous uncultivated area would be “pioneer” slash-and-bum farmers. It is well
established that members of the Lao Sung group represent the most recent immigrants and are
therefore more likely to encroach in new areas.
      The available quantitative data do not support the theory of distinct differences in Land
use practices between ethnic categories and variations are generally larger within the same
category than between categories. If there were distinct ethnic differences in land use in the past
as claimed by some, they were most likely lost over the last two decades with tremendous
political changes and substantial movements of a large percentage of the rural population. As
mentioned by many observers, the land use practices are largely an adaptation of the different
ethnic groups to a given environment. Further more, decisions to change to other land use
systems are more likely to be influenced by economic standing of the farmers and by market
opportunities rather than by ethnicity.
      With no major differences in land use practices observed among the different ethnic
categories, no differences in system sustainability would be expected. The sustainability of the
existing land use systems depends largely on the degree to which the carrying capacity has been
filled or exceeded. Population dynamics will strongly influence the options available for future
hill populations. In the area surveyed, Lao Sung populations had the highest number of children
under the age of 10 years (Table 9). This faster population growth may again reflect the lack of
access to education, information, medical facilities, and other socio-economic benefits rather
than ethnicity.
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CONCLUSIONS

The present terminology used to classify the population in Laos into “dwellers of the lowlands,
mountain slopes, and mountain summits” strongly reinforces bias associating land use practices
with ethnic identity. Past and recent observations on land use practices do, however, not lend
support to the claim that there are distinct ethnic preferences for certain land use practices. When
formulating future policies and implementing programs focusing on sustainable upland
agriculture for the hilly areas of Laos, it would be more realistic to use economic stratification
based on available options and opportunities rather than ethnic divisions. Criteria for
stratification into farm typology could include size of farm holding, slope classes, soil type,
water availability, livestock, access to markets and inputs, and access to alternative sources of
income. To be successful, the hill population should be included in the decision-making process
affecting the use of their resources (Ireson and Ireson, 1991). Future changes in land use by all
ethnic groups will be more likely made based on economic incentives rather than on long-term
ecological concern by the individual farmers. Thus, economic incentives that promote ecological
sustainability need to be provided.
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Table 1. Categorization or major ethnic groups in hilly parts of Laos.1)

 Category Ethnic groups2)

 Lao Loum Lao, Phu Tai, Lu, Yuan
 Lao Theung Khamu, Lamet, Phong, Lawen
 Lao Sung fimong, Yao, Phu Noi, Ko, Kui, Musser

 1) These categories are based on supposed altitudinal delineation and the arbitrary classification of distinct
 ethnic groups within these categories do not reflect the real situation.
 2) Only the most important groups are listed.

 Table 2. Main objectives, location of studies, information used in this paper and reference.

 Study and main objective Location Information used Ref.
(Province/districts)

 1. Household survey (1991/92) Luang Prabang Fallow, soil 1)
Characterization of land use (Viengkham, and parameters, weed
systems Xiengnguen districts) species, income
Identify constraints to rice Oudomxay (Noun, Say,
production Heng, and Namo districts)

 2. Crop cut (1991) Luang Prabang Fallow, slope 1)
Estimate rice yield (Xiengnguen, Viengkharn gradient, soil
Relate yield level to soil and Pongsay districts) parameters,
parameters elevation

 3. Yield-soil-weed survey (1993) Luang Prabang Fallow, slope 1)
Identify relationships between (Xiengnguen district) gradient, soil
rice yield, weed, and soil parameters,
parameters elevation

 4. Village survey (1993) Luang Prabang Information on 2)
Statistics on land use, trees, (Viengkham and crop, tree and
and livestock Xiengnguen districts) livestock

 5. Survey Bokeo (1994) Bokeo.(Houay Xay and Land use, weed 3)
Characterization of land use Tone Pheung districts)
systems
Identify constraints to rice
production

    1) Roder et al. 1995b.
    2) Roder et al. 1995a.
    3) LAO-IRRI, 1994.
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Table 3. Information on land use, livestock number, and distance from road or river observed in
Luang Prabang Province.1)

Parameter Lao Loum Lao Theung Lao Sung

Average2) (%3) Average % Average %

Crops and trees
  Lowland rice (ha hh-1)4) 0.06 12 0.02 3 - 0
  Upland rice (ha hh-1) 0.76 88 1.08 98 0.82 100
  Maize (ha hh-1) 0.14 55 0.25 79 0.47 99
  Opium (kg hh-1) - 0 0.4 18 35 69
  Mango (no. hh-1) 5.1 44 1.6 25 2.5 25
  Banana (no, hh-1) 2.6 28 5.2 25 11.5 56
  Teak (no. hh-1) 19.2 20 1.9 5 0.03 <1
Livestock
  Buffalo (no. hh-1) 1.89 57 0.83 35 0.49 19
  Cattle (no. hh-1) 0.13 7 0.53 22 1.88 59
  Pigs(no. hh-1) 2.57 72 2.33 72 5.48 95
  Horses (no. hh-1) 0.03 2 0.06 3 0.78 49
Others
  Distance road/river (kin) 9.5 8.4 13.6

1) Sample no. was 115, 504, and 221, for Lao Loum, Lao Theung, and Lao Sung, respectively.
2) Average of all households, 3) Percent of households, 4) hh = household.

Table 4. Land use reported from surveys in Thongkhang1) (Luang Prabang Province) and
Norighet2) (Xiengkhouang Province).

Parameter Lao Khamu Hinong
(Lao Loum) (Lao Theung) (Lao Sung)

Thongkhang(Nane district)

 Lowland rice (ha hh-1)3 0.15 0.07 -
 Upland rice (ha hh-1) 1.24 1.1 0.93
 Maize (ha hh-1) 0.34 0.19 0.47
 Upland rice yield (t ha-1 ) 0.9 0.8 0.9
 Cropping periods 1.0 1.3 1.8
 Fallow period (years) 3.3 3.5 3.8

Nonghet district

 Lowland rice (ha hh-1) - - 0.24I
 Upland rice (ha hh-1) 1.17 1.39 0.83
 Maize (ha hh-1) 0.15 0.19 0.97
 Opium (ha hh-1) 0.12 0.26 0.26
 Rice production per capita 187 169 1.39

1) Leacock et al. 1993 (Figures for 1989).
2) Hkurn, 1992 (families interviewed were 46, 140 and 340 for Lao, Khamu, and Hmong groups,
respectively).
3) hh = household.
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Table 6. Ethnic category and land use in Luang Prabang and Oudomxay provinces.1)

Parameter Lao Loum Lao Theung Lao Sung

Fallow period (yr) 4.2±0 43) 4.9±0.4 5.6±1.1
Elevation (in) 651±68 637±72 991±92
Slope (%) 38±4 39±4 38±5
Rice varieties (no. per household) 2.8±0.6 2.7±0.4 2.3±0.5
Yield (t ha-1) 1.3±0.2 1.4±0.2 1.4±0.3
Self sufficiency (mo) 8.1±1.5 8.4±1.5 9.6±1.2
Organic matter (%) 3.7±0.3 3.9±0.3 4.9±0.7
C-N ratio 15±1.4 12±0.9 16±2.6
pH 5.6±0.1 5.5±0.1 5.3±0.2
Total labor input (d ha-1) 337±55 308±62 284±65
Labor for weeding (% of total labor) 39±5 45± 36±6
Labor for slashing (% of total labor) 14±2 15±5 12±4
Chrornolaena odorata (frequency)2) 61± 16 72±8 39±18
Ageratum conyzoides (freguency)2) 24±15 46±12 39±2 1

1) Average of all measurements made during 1992 and 1993. Sample size for Lao Loum, Lao Theung, and
Lao Sung was 113, 189, and 59, respectively, for fallow period; 37, 57, and 24, respectively, for elevation;
128, 175, and 63, respectively for slope; 21,43, and 19, respectively, for rice varieties; 46, 46, and 29,
respectively, for self sufficiency; 119, 154, and 49, respectively, for soil parameters; 55, 48, and 27,
respectively, for labor input data; and 42, 81, and 27, respectively, for weed frequencies.
2) Presence in transects of I m, 80 transects per field.
3) Confidence interval at P=0.01.

Table 7. Ethnic category and land use in Bokeo Province.

Parameter Lao Loum Lao Theung Lao Sung
(n=8) (n=11) (n=37)

Fallow period (yr) 10±3.21) 4±1.3 7±2.1
Cropping period (yr) 1.1±0.4 1.3±0.4 1.6±0.4
Slope gradient (%) 1±1 26±15 7±4
Elevation (in) 391±12 411±20 404±9
Weeding (no.) 2.8±0.8 4.0±0.9 3.1±0.3
Rice yield (t/ha) 2.0±1.0 2.7±1.3 2.2±0.4

1) Confidence interval at P=0.01.



Table 8. Fallow-cropping intensities reported.

Reference Period Ethnic group. Location Cropping Fallow

Boudene (1913) 1910 Lawen (Lao Theung) Attopeu 2-3 10-20
Gourou (1942) 1940 Diverse. Laos and Vietnam >20
Izikowitz (1951) 1950s Lamet (Lao Theung) LuangNamtha 1 12-15
Lemoine (1972) 1964/67 Hmong (Lao Sung) Sayaboury I (3-4)1)

Wall (1975) 1967 Nya Hdn (Lao Theung) Attapeu 1 (2-3) 15-20
Lyman (1969) 1968 Hmong (Lao Sung) Thailand and Laos 2 5
Dao (1975) 1975 Hmong (Lao Sung) 1-3 15
Dessaint (1981) 1970 T’in (Lao Theung) Sayaboury 1(2) Few years
Thongphachan and 1980 Lao Loum Vientiane 1.3 4.5
Birgegard (1982)
lerson (1990) 1990 Hmong (Lao Sung) Xiengkhouang 2 >3

       1) Indicate exceptions i.e. sometimes cropping was up to 3 to 4 years.

Table 9. Family size (Data from 1993 household survey).

Age group Lao Loum Lao Theung Lao Sung

<10yr 2.4 2.6 3.3
10-20yr 0.8 1.0 1.4
>20 yr 2.8 2.6 2.6
Total 6.0 6.2 7.3
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Weed management and fallow vegetation

Weeds and fallow vegetation are the main
components manipulated by the slash-and-burn
farmer. Fallow length and quality of fallow
depend directly on the fallow vegetation. Species
composition, species characteristics, biomass
produced, and biomass quality all have a direct
effect on soil conditions, ease of slashing, burning
temperature, weed dynamics during cultivation,
and ultimately crop yield and farmers’ return on
labor invested.
   Length of cultivation, or the farmer’s
decision to abandon a field and move to a new
site, is strongly influenced by weed competition
to the crop and labor requirements for weeding
(Moody 1975, Nye and Greenland 1960, De
Rouw 1991). Several authors have also sug-
gested that weeds play a positive role in shifting
cultivation systems by recycling nutrients,
maintaining soil fertility or productivity, and
reducing erosion and/or nutrient runoff and
leaching (see Roder et al 1997, included at the
end of this section).
   Traditional slash-arid-bum systems had long
fallow periods, with tree cover eliminating most
of the annual weed species. High fallow vegeta-
tion biomass resulted in high temperatures at the
time of burning, thus decreasing viability of weed
seeds, which may have been present in the
topsoil.

Weed and weed management during the
rice crop
Slash-and-burn farmers in northern Lao PDR
considered weeds as the single most important
constraint to rice production. Labor inputs of
140-190 days ha-1 for weed control resuit in low
labor productivity (see Roder et al 1997a,
included at the end of this section). Weeds are

increasing largely due to a decrease in the fallow
period. Average fallow periods decreased from
more than 30 years in the 1950s to 5 years in
1992. Reduced fallow length and the introduction
of exotic weeds have changed weed composition
in crops as well as the composition of fallow
vegetation. Weed composition during the crop-
ping period and the vegetation in the initial years
of fallow are almost always dominated by
Chromolaena odorata, an American species
introduced to Lao PDR in the 1930s. Another
introduced weed species, Age ratum conyzoides,
although less dominant, has shown a strong
association with root-knot nematode
(Meloidogyne graminicola) (Roder et al 1998).
Root-knot nematode may be a major factor in
the decline of rice yield with continuous rice
cultivation.
   Weed populations and weed management
strategies tested are discussed in the papers
included at the end of this section. Farmers
usually provide adequate weed control to avoid
yield loss in rice, but yield loss due to an increase
in nematode densities associated with A.
conyzoides has been suggested (Roder et al
1998). The present practice of burning crop
residues or biomass of the fallow vegetation
provides the best weed control. Of the various
weed management strategies tested (Roder et al
1995a), preplant application of glyphosate and
grazing rotation systems are the most promising.
In recent studies, shallow tillage before planting
rice and multiple cropping reduced weed biomass
in the rice crop (Table 9).

Fallow vegetation
During the long fallow periods used in the past,
the vegetation progressively developed from
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Table 9. Effect of tillage and cropping on weed biomass.a

Reduction in weed biomass (%) compared with controlb

Treatment
Ageratum conyzoides Total weed

Shallow hand tillage 63 38
Planting cowpea before rice 88 31
aData from two separate studies.
bBiomass of the first two weedings.
Source: Fahrney (1999).

annuals to tree species. Today, with shorter
fallow periods, the vegetation cover is dominated
by annuals, shrubby perennials, and bamboo. Of
these, Chromolaena odorata is the dominant
species.
   Species dynamics, biomass production, and
nutrient accumulation by fallow vegetation were
described for four sites in a detailed study
carded out in Luang Prabang Province. In these
and bther studies, major attention was given to
C. odorata. The findings from the various
investigations are presented in papers included in
this chapter and the section “Research methodol-
ogy.” Additional information on C. odorata was
collected through household surveys carried out
in 1996 (Roder et al 2000), with the objective to
document (1) farmers’ assessment of C.
odorata for fallow improvement and (2) farm-
ers’ interventions to influence C. odorata in the
fallow vegetation. A formal questionnaire was
used to interview 24 households in three villages
in Oudomxay Province and 20 households in four
villages in Luang Prabang Province. Criteria
applied for selection of the villages were no
lowland rice cultivation, being representative for
the area, and ease of accessibility.
   The results of farmers’ assessments are
similar to those published in Roder et al (1995b).
About 70% of the respondents indicated that
they like to have C. odorata in their fallow
vegetation. The main reasons cited for this
preference were better rice yield and the
relatively easy control of C. odorata as a weed
(Table 10). Soil fertility and enabling of shorter
fallow duration were also mentioned. Although
many respondents were not convinced that C.
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odorata would suppress weeds (Table 11), the
positive response by some suggests that suppres-
sion of selected species may occur. The question
“Does C. odorata suppress weeds?” was
answered positively by 46%, 33%, and 0% of the
respondents for the weed species Ageratum
conyzo ides, Imperata cylindrica, and Mimosa
invisa, respectively.
   While recognizing the positive properties of
C. odorata, farmers are at the same time
concerned about weeding inputs. Any interven-
tion that leads to more weeding would not be
acceptable to them and they are therefore very
reluctant to have more C. odorata in their fields
(Table 11). With weeding being the single most
important constraint to upland rice production,
their reluctance to enhance C. odorata presence
in the fallow vegetation is understandable. Only a
very small number of respondents indicated that
they were making some effort to increase the C.
odorata cover Measures used to enhance C.
odorata are burning and/or slashing, selective
weeding, and avoiding the last weeding.

Table 10. Response to “Why is C. odorata a good
fallow species?” (44 respondents).

Reason                                                  Frequency
                                                         (% respondents)

Good rice yield/rice grows well 50
Easy to control when weeding 18
Good soil or good fertilizer 14
Shorter fallow 9
Easy slashing 9
Burns well 7
Fast growing 2
Many seeds 2
Good soil moisture 2



Table 11. Potential of C. odorata for fallow improvement.

                                                                                        Response positive
Parameter                                                                                    (yes)
                                                                                         (% respondents)

Is C. odorata suppressing weeds?
   Weeds in general 40
   Mimosa in visa  0
   Imperata cylindrica 33
   Agera turn conyzoides 46
Potential for fallow improvement and farmers’ intervention
   Shorter fallow possible with C. odorata? 75
   Liked in fallow? 68
   Would you like more C. odorata? 32
 Doing anything to increase? 11

At this stage, neither farmers nor research-
ers have sufficient understanding of the effects
of C. odorata on the species composition in the
fallow vegetation, soil properties, and rice yields.
The positive effects on rice performance, as
observed by farmers. may be mostly due to the
suppression of A. conyzoides and nematodes.

Papers included with this section
Roder W, Phengchanh S, Keoboulapha B. 1997.
    Weeds in slash-and-bum rice fields in
    northern Laos. Weed Res. 37:111-119.
RoderW, Phengchanb S, Maniphone S,
    Songnhikongsuathor K, Keoboulapha B.
    1995. Weed management strategies aimed at
    reducing labor for upland rice production. In:
    Fragile lives in fragile ecosystems. Proceed-
    ings of the International Rice Research
    Conference, 13-17 Feb. 1995. Manila
    (Philippines): International Rice Research
    Institute. p 395-405.

Roder W, Phengchanh S. Keoboulapha B,
   Maniphone S. 1995. Chromolaena odorata
   in slash-and-bum rice systems of Northern
   Laos. Agroforest. Syst. 3 1:79-92.

Also consult the following papers included in
other sections:
Roder W, Phengchanh S. Maniphone S. 1997.
   Dynamics of soil and vegetation during crop
   and fallow period in slash-and-bum fields of
   northern Laos. Geoderma 76:13 1-144 (see
   section “Soil and soil fertility”).
Rocier W, Keoboulapha B, Phengebanh 5, Prot
   IC, Matias D. 1998. Effect of residue
   management and fallow length on weeds and
   rice yield. Weed Res. 38:167-174 (see
   section “Fallow improvement/manage-
   ment”).
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Summary

Slash-and-burn farmers in northern Laos con-
sider weeds, insufficient rainfall and rodent
damage as the most important constraints to up-
land rice (Oryza sativa L.) production. Labour
inputs of 140-490 days ha-1 for weed control re-
suit in low labour productivity. Average weed
cover observed in rice fields was 5.6,4.1,2.1, 1.7,
0.7 and 0.7 cm m-1 (transect) for Chromolaena
odorata (L.) King and Robinson, Ageratum
conyzoides L, Commelina spp., Lygodium
flexuosum (L.) Sw., Panicum trichoides Sw. and
Corchorus spp. respectively. Chromolaena ado-
rata, which was introduced in the 1930s, has be-
come the main fallow species and is considered a
desirable fallow plant by most farmers. Average
fallow periods reported for the 1950s, 1970s and
1992 were 38, 20 and 5 years respectively. Re-
duced fallow periods in the last decades have re-
suited in a marked increase in weeding
requirements. Above-ground biomass for rice
stem, herbaceous plants and trees after rice bar-
vestwas 168,67and60gm-2in 1991 and 115,43
and 24 g m-2 in 1992. Weeding at 14-day inter-
vals did not increase rice grain yield.

© 1997 European Weed Research Society

Introduction

In many slash-and-burn farming systems with
sufficient land reserves, the manipulation of
fallow and cropping period is a major weed con-
trol strategy (Moody, 1975; De Rouw, 1991;
Warner, 1991). Weed competition, although fre-
quently not a serious problem in the first crop-
ping year (Moody, 1975; Courtois, 1988; Dc
Rouw & van Oers, 1988), is often the main rea-
son for tanners moving to a new field (Nye &
Greenland, 1960; Moody, 1974; Sanchez, 1976;
Warner, 1991). Several authors have suggested
that weeds play a positive role in shifting cultiva-
tion systems by recycling nutrients (Swamy &
Ramakrishnan, 1988), maintaining soil fertility
or productivity (Mishra & Ramakrishnau, 1984)
and reducing erosion and/or nutrient run-off and
leaching (Toky & Ramakrishnan, 1981; Chac6n
& Gliessman, 1982).
  In the hilly regions of northern Laos, upland
rice (Oryza seztiva L.) is the major crop, and
slash-and-burn agriculture the predominant
land use system (Fujisaka, 1991; State Statistical
Centre, 1990). Fujisaka (1991) considered
weeds, low and declining soil fertility, shorter
fallow cycles, rats and insects to be the main con-
straints to higher rice yields and improved sys-
tem sustainability.
  Little information is available on land use sys-
tems in northern Laos, particularly on weed spe-
cies, weed ecology and weed management.
Observations made in the 1950s (Halpern, 1961)
indicate that weed control in upland rice (slash—
and-bum systems) was less labour-consuming
than for lowland rice. Izikowitz (1951) gave a de-
tailed description of slash-and-burn cultivation
by Laniet farmers in northern Laos in the’ 1940s.
He considered cutting of the fallow vegetation as
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the most important labour requirement but also
mentioned weeding activities in June and July.
Shorter fallow cycles and the introduction of ex-
otic weed species may have caused major
changes. Chromolaena odorata (L.) King and
Robinson spread into Laos during the 1930s
(Izikowitz, 1951; Vidal, 1960) and has become
the most abundant weed within a few decades
(Roder et al., 1995).
  During 1991 and 1992, various investigations
were carried out in Oudomxay and Luang Pra-
bang provinces in northern Laos to: (1) identify
major constraints to upland rice production; (2)
identify major upland weeds and assess their
relative importance; (3) estimate labour inputs
for various cultivation activities; and (4) docu-
ment shifts in weed species and cropping-fallow
cycles.

Materials and methods

Household survey

Household surveys were carried out during
the rice-growing seasons of 1991-92 using a
formal questionnaire supplemented by field
observations. Villages visited were chosen
randomly. The choice of household infor-
mants was left to the discretion of the survey-
ors and was strongly influenced by advice
from the particular village headman. A total
of 129 households’ was included, located in
three districts of Oudomxay (all in 1991) and
in four districts of Luang Prabang provinces
(mostly in 1992). The survey questionnaire
focused mainly on land use-related issues.
Respondents were asked to rate a list of possi-
ble constraints and rate the constraints in or-
der of importance. Similarly, respondents were
asked to list the most troublesome weed spe-
cies and recall labour inputs for upland rice
production in the previous year.
  The upland rice fields of each informant were
visited within 25-70 days after rice planting (til-
lering to particle initiation stage) to record obser-
vations on altitude, slope and presence of weeds.
Weed cover and weed frequency were measured
by randomly placing a 10-rn measuring tape over
the rice canopy and recording the weed cover di-
rectly underneath the measuring tape in 1-rn sec-
tions. The presence of a particular species in a
Pm section was used to compute its frequency.

Observations were taken in four transects of 10
m in each field. Newly weeded parts of the field
were avoided. Soil samples (15-20 subsamples
per field) were collected from all fields in Ou-
domxay province and some of the fields in Xi-
engngeun district. The relationship between C.
odor-cnn, Ageratum con yzoides L., Commelina
spp. and Lygodium flexuosum (U) Sw. fre-
quency and fallow period, elevation and vari-
ous soil parameters was evaluated using
correlation analysis.
 Results were compiled separately for Ou-
domxay (including the districts Hune,
Beng and Xay of Oudomxay province),
Viengkham (Viengkham and No district
of Luang Prabang province), Pakseng and
Xiengngeun (both districts of Luang Prabang
province). These regions differ in latitude,
rainfall, market opportunities and road ac-
cessibility. Xiengngeun has the lowest rainfall
with an annual average of <1300 mm. The
ranking of the regions for road accessibility
and market opportunities is: Xiengn-
geun>Oudomxay>Viengkham>Pakseng.
  To increase the reliability of information
on labour inputs for upland rice cultivation,
16 households (belonging to two villages in
Xicngngeun district) were visited at monthly in-
tervals to record labour inputs during the 1991
growing season. The area of each individual field
was measured at the end of the season.

Interview with elderly per-sons
In each village visited in the Xiengngeun and
Viengkhani districts, one or two elderly persons
were interviewed following recommendations
from the village headmen. Efforts were made to
select the oldest, apparently dependable persons
(60-80 years). Each respondent was asked to
recollect land use systems in the past at intervals
of 20 years, and to indicate fallow and cropping
periods, number of weedings required in upland
rice, major constraints and important weed spe-
cies for each interval. Major family and/or his-
torical events (e.g. first child born, Japanese
occupation, etc.) were used to help the respon-
dents recall a particular time interval. The
authors were aware that the accuracy of this in-
formation source may be limited. In the absence
of any records, however, this was perhaps the
only approach to obtain information on changes
in land use systems.

© 1997 European Weed Research Society, Weed Research 37, 111-119
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Weed biomass in monitoring plots

Weed biomass was measured during the rice-
growing season (in three sites in 1991) and at
the time of rice harvest (in seven sites in 1991
and in three sites in 1992) in monitoring plots
of 400 in2 located in three villages in Xierign-
geun district. At each site, all plant biomass
(except rice during the growing season) was
harvested from 10 randomly placed frames of
1 in2. Dry matter yields were measured sepa-
rately for rice stems, tree species, bamboo, C.
odorata, Conyza sumatrensis (Retz~) Walker,
L. flexuosum, other broad-leaved species,
grasses, tree species and bamboo. The pres-
ence of a particular weed species in the frame
was used to compute the frequency.

Effect of weeding on rice yield

Experiments were conducted on farmers’ fields
in Houay Khot (site A, approximately 8 years’
fallpw) and Phontong (site B, 4 years’ fallow)
comparing the treatments: (21) no weeding; (2)
farmers’ weeding (weeding as per farmers’ de-
cision, 2-3 times per season); and (3) weeding
at 14-day intervals. A randomized complete
block design with three replicates and a plot
size of 15 m2 was used at both locations. A tra-
ditional rice cultivar, Vieng, was dibbled at
20x25-cin distances on 29 May and 8 May 1992
at sites A and B respectively. At rice harvest,
weed dry matter and grain yield measurements

were taken from whole plots after removing
one border row. Above-ground fresh biomass
was measured separately for tree and herba-
ceous species. Rice yields were corrected to
14% moisture content.

Results and discussion

Household interview

On average, weed competition was considered
the single most important constraint to upland
rice production (Table 1). Some of the other in-
portant constraints listed, such as land availabil-
ity and labour, can be directly related to weeding
requirements/problems. Regional differences in
land availability and the extent of rat and
drought problems were observed. There was
more pressure on land in areas easily accessible
by road. It is estimated that about 60% of all
villages in Xiengngeun district are within 1
hour’s walking distance from the road. For the
Viengkham district, this figure drops to about
30%. As a result, the average fallow periods are
comparatively shorter in Xiengngeun. It is
probably because of the interaction of lower
rainfall that, in spite of the short tallow periods,
weed constraints in Xiengngeun were given rat-
ings similar to the other regions. It is also note-
worthy that farmers do not perceive the yield
potential of the presently used traditional,

Table 1. Major constraints to upland rice production indicated by slash-and-bum farmers of Luang
Prabang and Oudomny provinces~

Frequency (% of respondents)

Constraint Oudomxay    Viengkham   Pakseng   Xiengngeun   Average

Weeds 81 83 95 83       85
Rodents 12 85 80 38       54
Insufficient rainfalla 47 49 10 83       47
Land availability 47 11 45 62       41
Insectsb 69 34 20 29      34
Labour 31 25 25 17      24
Soil fertility 31 26 0 29      21
Erosion 9 9 15 25      15
Domestic animals 16 21 15 8      15
Wild animals 6 22 10 4      11
Disease 6 19 5 0       8
Suitsble vadeties 0 0 0 0       0
Sample size 32 53 20 24    129
aAlso included the constraint ‘short fallow period’.
bMostly white grub (Holotrichia sp.).
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mostly glutinous rice cultivars (Roder et al.,
1996), as a constraint to rice production.
  It was generally difficult for farmers to recall
the labour input during the previous season and
inputs reported were highly variable. Differ-
ences in weed cover, individual work efficiency,
distance from the village and rainfall all added to
the variation. For this reason, only the relative
contribution for each task is shown from the
household survey. The figures from the house-
hold survey, covering a much larger geographi-
cal area, were, however, comparable with those
obtained from monthly monitoring of 16 house-
holds.
  Because farmers customarily provide ade-
quate weed control, weeds are less of a yield con-
straint than a constraint to labour productivity.
Weed control is by far the most labour-
consuming task in upland rice production, ac-

counting far 40-50% of total crap labour input
(Table 2). Generally, 3-4 weedings are required
per season with a labour input of 45-455 days
ha-1. Because fields are burned in March, about
2 months before rice planting, a first weeding is
often necessary before planting. Other tasks re-
quiring appreciable labour inputs are slashing of
the fallow vegetation and harvesting. Assuming
an average yield of 15 tons ha-1 and labour in-
puts of 300 days ha-1, farmers can expect 5kg of
rice per working day. Similarly, 120 days ha-1

were required to produce 1.05 tons of rice in low-
land production systems in southern Laos (Ro-
der et al, 1992). The return on labour input for
upland rice production is thus much lower than
that in lowland production systems. Local prices
of rice and wages for labour in 1992 were 70-100
kip kg-1 rice and 500-700 kip per labour day (1
US$=700 kip). At these rates, slash-and-burn

114 W. Roder et at.

Table 2. Labour requirement for upland rice production

                                                                              Additional survey
                        Household survey

Activity                                 (%)a                     Days ha-1               (%)a

Slashing                                 14                    33 (12-61)b            11
Burning                                 <1                   2(1-3)                     <1
Fencing                                   3                   2(0-10)                   <1
Second burning                        6                   14 (5-30)                  5
Weeding before planting          2                   13 (0-40)                  4
Planting                                  9                   29(16-44)               10
Weeding                                 41                   146(45-455)           50
Harvesting/threshing              16                   33 (20-71)               11
Transport                                 8                   22 (747)                    7
Total                               100                   294 (147-643)
a Per cent of total labour requirement.
b Numbers in parentheses indicate range observed.

Table 3. Most important weeds in upland ricefields as perceived by household survey respondents
                                                                        Frequency (% of respondents)

Viengkham

 70
 55
 38
9
43
28
36
38
36
11
15

Average

59
46
43
26
22
19
18
18
18
11
10

Xiengngeun

56
26
41
21
6
3
15
18
15
0
0

Pakseng

50
15
50
40
5
30
10
10
10
0
25

Weed species

Ageraturn conyzoides
ChTornolaena odorata
Comrnelina spp.
Pan icurn trichoides
Lygodium flexuosurn
Imperara cylindrica
PueTaria ihomsoni
Panicum cambogiense
Cyperustrialatus
Cypenespilosus
Dioscorca spp.

Oudomxay

59
88
44
34
34
16
13
6
13
31
0

 ©1997 European Weed Research Society, Weed Research 37, 111-119
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Table 4 Cover and frequency of major weeds

Oudoinxay Viengkhama Pakseng Xiengngeun

Fb  Cc F C F C F C

Chromotnena odorata 68 9.7 32 65 36 1.9 64 44
Ageranan conyzoides 31 6.6 23 5.5 11 0.7 60 3.4
Commelinaspp. 18 2.6 8 1.3 22 1.2 58 3.4
Lygodiwnflauosunt 13 1.8 13 1.6 28 1.8 34 1.6
Fanicwn wkhoides 5 0.5 3 0.4 6 0.3 32 1.5
Corchonis spp. 3 0.3 8 1.5 8 0.6 10 04
Pueraria thomyoni 7 1.3 5 0.2 12 0.7
Pankwn camnbogiense 4 0.5 8 0.5
Imperata cylindrica 1 <0.1 4 0.2 4 02
Dioscorca spp. 4 <0.4 2 0.1 <1 <0.1
Crassocephatum crepidloides <1 <0.1 1 0.1 2 0.1
Total cover (cm m-1) 22 19 7 16
aAdditional species of importance in Viengkbam district were Cyperus trialatus and Ptrendium spp. with frequencies
of 26% and 13% and cover of 45 and 3.3 cm m-1 respectively.
bFrequency (%) in transect segments of 1 m
cCover in cm m-1.

farmers still earn a daily wage that is comparable
with local labour rates.
  Major weed species, as perceived by the
farmers (Table 3), include broad-leaved spe-
cies, ferns, grasses and sedges, with A. cony-
zoides as the most important species. Measure-
ments in the field by researchers show that C.
odorata was the most abundant weed species,
accounting for 44%, 34%, 27% and 28% of to-
tal weed covet in Oudomxay. Viengkham, Pak-
seng and Xiengngeun respectively (Table 4).
Ageratum conyzoides, L. flexuosum and Corn-
melina spp. (mostly C. benghalensis L.) were
abundant in all the regions surveyed. The last
species is difficult to control because it can root
easily from the nodes of small stem segments
left in contact with moist soil. Imperota cylin-
drica (L.) Raeuschel was present but was not a
problem except in very small patches. Pterid-

ium spp. and Cyperus trialatus (Boeck) Kern,,
although present in most areas, were abundant
in Viengkham only.
  The major weed species appear to be adapt-
able to a wide range of environmental factors.
Correlation analysis between elevation, fallow
period, selected soil fertility parameters and fre-
quency of weed occurrence showed no or little
relationship. Chromolaena odorata frequency
declined with increasing elevation (r= -0.23,
P<0.05) and the combined frequency of A.
conyzoides, L. flexuosum and Commelina spp.
decreased slightly with an increase in fallow
length (r= -0.2, P<0.05). Our failure to show
dear evidence for a decline in weed cover or fre-
quency with an increase in fallow period can be
partly explained by the extremely heterogene-
ous topography, microclimate and soil condi-
tion. Furthermore, attempts to relate land use
with weed pressure are compounded by: (a)
farmers’ adaptation to existing weed pressure,
such as choosing shorter fallow periods for fields
with fewer weed problems; and (b) cumulative
effects of previous cropping and fallow cycles. In
our investigations, we could only consider the
last fallow period.
  Although C. odorata is the most abundant
weed species, farmers generally do not consider
it a major weed. Because of its growth habit
(relatively few but large plants, no rooting from
above-ground plant parts), it is much easier to
control by hand weeding compared with spe-
cies such as Commelina spp. or L. flexuosum.
Farmers favour C. odorata in their fallow field&

© 1997 European Weed Research Society, Weed Research 37, 111-119
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When asked to list good fallow species, 76%,
17% and 11% of the respondents listed C. odo-
rata, Castanopsis spp. and Dendrocalamus spp.
respectively- The farmers’ preference for C.
odorata may not only be because of its domi-
nance under good sod conditions but also be-
cause of its fast growth and large biomass
production. Similar preferences for C. odorota
as a fallow species in Nigeria have been re-
ported (Ruthenberg, 1980)

Interview with elderly persons

The major weed species listed by the elderly per-
sons were similar to: those listed by respondents
in the household interview. It was apparent that
no major shift in weed species has occurred over
the last 40 years. The introduction of C. odorata
has apparently not resulted in a major displace-
ment of other species. With a coincident ,educ-
tion in fallow period, the spread of C. odorata
may largely have replaced tree species coppicing
from old plants or growing from seeds.
  The average fallow reported decreased from
38 years during the 1950s to 5 years in 1992
(Fig.1). Fallow periods were generally longer in
the Viengkham district, with 100%, 82% and 0%
of the respondents reporting fallow periods of
more than 10 years for the 1950s, 1970s and 1992
respectively. For Xiengngeun, fallow periods of
more than 10 years were reported by 65% for the
1950s and 29% for the 1970s. Twenty-nine per-
cent of the respondents for Viengkham district
reported that one weeding was sufficient in the
1950s, while all reported three or more weedings

in 1992. Average weeding requirements for the
two districts were 1.9, 2.3 and 3.9 weedings per
season for the 1950s, 1970s and 1992 respec-
tively. In his detailed description of land use
practices by Lamet farmers in today’s province
of Luang Namtha. Izikowitz (1951) reported fal-
low periods of 12-45 years and weeding inputs in
June and July. With weeding limited to a period
of 2 months only, the weeding intensity may
have varied from one to two weedings per sea-
son. Effects of reduced tallow length are likely to
become more pronounced after the same areas
have been used for several short cycles. Weeding
requirements and soil fertility problems may,
thus, increase further in the near future. In-
crease in weed problems and decrease in soil fer-
tility are widely cited as negative results of
decreased fallow periods in shifting cultivation
systems (Moody, 1975; Ruthenberg, 1980;
Mishra & Ramakrishnan, 1983). The Lao farm-
ers may be close to the critical point at which it
will be profitable for them to shift to a more in-
tensive land use system (Boserup, 1965).

Weed composition and biomass in monitoring
plots

Total weed dry matter averaged over three sites
in 1991 was 54 and 105 g m-2  immediately bef-
ore weeding in June and August, respectively,
and 121 g m-2  at the time of rice harvest in late
September. The most important species were
bamboo and tree species (mostly Cratoxylon
and Casranopsis spp.), contributing 43%, 41 %
and 42%, C. odorata contributing 3%, 9% and

Table 5. Plant biomass present at the time of rice harvest as measured in monitoring plots in Luang Prabang
during 1991 and 1992a

                 1991                                             1992

Dry matter Frequency Dry matter Frequency
Species (gm-2) (%) (g m-2) (%)

Chrornoloena odorara 23 (0-42)b 100 8(3-14)b 87
Conyza sumatrensis 10 (0-33) 69 1(043) 7
Other broad-leaved weeds 13 (4-24) 70 13 (330) 90
Lygodium flexuosuom 17 (7-43) 69 17 (9-20) 73
Grasses 4(0-9) 30 4 (1-tO) 53
Bamboo 15 (0-65) 24 1(0-2) 7
Trees 45 (7-86) 90 23 (10-66) 92
Rice stems 168 (57-218) 115(70-153)
aAverage of seven and three sites for 1991 and 1992 respectively.
bNumbers in parentheses indicate the range observed

88

© 1997 European Weed Research Society, Weed Research 37, 111-119



Ta
bl

e 
6.

 E
ff

ec
t o

f 
w

ee
d 

co
nt

ro
l o

n 
ric

e 
yi

el
d 

an
d 

w
ee

d 
bi

om
as

s 
at

 th
e 

tim
e 

of
 r

ic
e 

ha
rv

es
ta

 W
ee

d 
bi

om
as

s 
(g

m
 -

2)
   

   
   

 R
ic

e 
yi

el
d

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 (g
m

 -2
)

  
 H

er
ba

ce
ou

s 
sp

ec
ie

s
  

 T
re

e/
ba

m
bo

o 
sp

ec
ie

s
   

   
   

   
To

ta
l

Tr
ea

tm
en

t
Si

te
 A

Si
te

 B
A

ve
ra

ge
Si

te
 A

Si
te

 B
A

ve
ra

ge
Si

te
 A

Si
te

 B
A

ve
ra

ge
Si

te
 A

Si
te

 B
A

ve
ra

ge

N
o 

w
ee

di
ng

14
3

52
98

40
35

5
19

7
21

2
20

11
6

25
2

37
5

31
3

Fa
rm

er
s’

 w
ee

di
ng

15
1

19
5

17
3

3
2

2
17

0
9

20
2

11
14

-d
ay

 i
nt

er
va

l
15

8
18

3
17

0
7

13
10

16
2

9
23

15
19

SE
49

41
46

9
32

23
44

12
46

35
44

39
Tr

ea
tm

en
t(T

)
N

S
0.

04
0.

04
0.

02
<0

.0
1

0.
01

0.
02

N
S

0.
05

<0
.0

1
<0

.0
1

<0
.0

1
Lo

ca
tio

n
-

-
0.

07
-

-
<0

.0
1

-
-

<0
.0

1
-

-
0.

05
Tx

L
-

-
N

S
-

-
<0

.0
1

-
-

N
S

-
-

0.
04

C
V

(%
)

32
.5

28
.4

31
.0

52
26

33
54

17
0

10
3

36
34

34

a 
Ex

pe
rim

en
t 

w
ith

 c
on

tro
lle

d 
tre

at
m

en
ts

.

© 1997 European Weed Research Society. Weed Research 37, 111-119

Weeds in upland rice in Laos 117

89



90

© 1997 European Weed Research Society, Weed Research 37,111-119

118  W. Roder et al.

17%, and L. flexuosum contributing 8%, 14%
 and 11% of the total weed biomass measured in
 June, August and September respectively.
 Farmers may customarily provide better weed
 control in the early part of the growing season, as
 indicated by the lower weed biomass in June.
 The importance of early weed control is well
 documented (De Datta, 1981).
  Average weed dry matter (including bamboo
 and trees) present at the time of rice harvest was
 127 and 67 g m-2  in :1991 (average of seven sites)
 and 1992 (average of three sites) respectively
 (Table 5). Lower ‘rainfall, the comparatively
poor soil condition of the 1992 sites (soil depth)
 and variations in weed control probably contrib-
uted to the lower total weed biomass in 1992.
 Chromohzena odorata and L. flexuosum ac-
counted for 60% and 58% of the herbaceous
weed biomass (excluding tree and bamboo) in
1991 and 1.992 respectively.

Effect of weeding on rice yield

Farmers started weeding at the early tillering
stage and completed two weedings at site A and
three weedings at site 13. Weed composition dif-
fered markedly between the two sites. The weed
biomass at site A consisted of 84% tree and bam-
boo and 16% herbaceous plants (Table 6). At
site B, probably influenced by the shorter fallow
cycle, 95% of the weed biomass consisted of her-
baceous species, primarily C. odorata, Panicum
combo giense Balansa and L. flexuosum.
  The different compositions of weed species
and total weed biomass resulted in different
treatment effects on rice yield. Without weed-
ing, rice yield was reduced dramatically at site B,
but it was not affected at site A (Table 6). The
yield of the 14-day interval weeding treatment
was, however, not different from that obtained
with farmers’ weeding. The results from this ex-
periment (although limited in scope) support the
general observation that farmers provide ade-
quate weed control.

Conclusions

Upland farmers considered weeds as the single
most important constraint to rice production.
The combined effects of increased population
density and government policies limiting farm-
ers’ access to land have reduced fallow periods

from about 40 years in 1950 to an average of only
5 years in 1992-93. Over the same period, the re-
quirement for weeding has more than doubled.
Weed control in slash-and-burn rice production
requires about 140-190 days ha-1  or 40-50% of
the total labour input. Considering the ex-
tremely high labour inputs for weed control, the
farmers’ rating is certainly realistic. The com-
bined effects of increasing labour requirements
and stagnant or, as some authors (Fujisaka,
1991) suggest, declining yields resulted in a sub-
stantial decline in farmers’ return for labour in-
puts. Farmers are well aware of the effect of
fallow length on weed abundance during the
cropping period, but have no other options ow-
ing to limited land resources. With further re-
duction in fallow length and the cumulative
effects of repeated short fallow cycles, the weed
problems are expected to become even more se-
rious in the near future.
 The enumeration of weed species through
farmer interviews or measurements in the field
provided similar results. Chromolaena odorata,
followed by A. conyzoides, L. flexuosum and
Commelina spp., are the most important weeds
throughout the area. Quantification of fallow
length effects on weed distribution and species
composition was, however, not possible. Long-
term monitoring of weed communities and land
use practices and/or controlled long-term ex-
periments will be necessary to elucidate these
relationships further.
 Chromolaena odorata has various properties
of a good fallow plant, such as large seed produc-
tion, fast establishment, suppression of grass
weeds, large biomass production and ease of
elimination by hand weeding. In future studies
comparing improved fallow systems, C. odorata
treatments should be included, with special at-
tention to its effects on nematodes and allelo-
pathic effects on weeds and crops. The species
efficiency in nutrient mobilization and its effects
on the biological, chemical and physical soil
properties also need further evaluation.
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Weeding requirements in slash-and-burn rice production systems in the hills of
northern Laos increased dramatically with shorter fallows. High labor inputs (140-
±90 days/ha), increasing population pressure, and rules and regulations pressurize
farmers to change to other land use systems. Major weeds include broadleaf, grass,
and fern species, and woody perennials. The Lao-IRRI project studies weed
management opportunities using herbicides, mulching, improved fallows, and
cropping strategies. Of various pro- and postemergence herbicides tested only 2,4-D
and propanil offer some promise for weed control in upland rice. Mulching with
various plant residues at rates from 1-4 t dry matter/ha did not reduce weed
biomass. Arachis pintoi as jive mulch reduced rice yield by 80%. Application of
glyphosate before planting rice can reduce labor input for weeding by 30-60% and at
the same time substantially reduce soil loss. Improved fallow systems combining
the effects of fodder plant and grazing animals are expected to result in increased
fodder availability, weed suppression, accelerated nutrient cycling, and improved
soil moisture conservation due to the mulch cover provided by plant residues. The
most promising species tested in various systems include: Stylosanthes
guienensis, Arachis pintoi, Leucaena leucocephala, Crotalaria anagyroides,
Giiricidia sepium, and Brachiaria brizantha.

In the hilly regions of northern Laos, upland rice is the major crop, and slash-and-
burn agriculture the predominant land use system (National Statistical Center 1993).
Difficult topography and limited access to markets leave few land use options for the
farmers Following recent survey 85, 54, 47,41, 34,24,21, and 15% of the respond-
ents considered weeds, rodents, insufficient rainfall, land availability, insects, labor,
soil fertility, and erosion, respectively, as the major constraints to upiand rice produc-
tion. Labor requirement for weed control is the single most important constraint to
upland rice production. Constraints such as land availability (or short fallow) and
labor, can be directly related to weeding requirements. Weed control in upland rice
production requires about 140-190 days/ha or 40-50% of the total labor input (Roder
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et al 1994). Although labor requirements may be rarely as extreme, weed is a major
problem in most upland rice production systems (Moody 1975). Average weed cover
observed in rice fields in a 1992 and 1993 survey was 5.6,4.1,2.1, 1.7, 0.7, 0.7, and
(16 cm/m (transect) for Chromoloena odorata, Ageraturn conyzoides, Commelina
sp., Lygodiwnflexuosum, Panicum trichoides, Corchorus sp, and Pueraria thoinso-
nii, respectively (Roder Ct al 1994). Chrornolaena odorora introduced to Laos in the
1930s has become the most abundant weed and fallow species.
     Traditional slash-and-burn systems are expected to optimize labor resources
 (Raintree and Warner 1986) but due to the high labor requirement for weeding the
 rice production system practiced by the Lao upland fanner provides only marginal
returns for labor. Although there are few quantitative data available on past slash-
and-bum practices in Laos it is generally assumed that the high labor inputs for weed-
ing are a relatively re cent phenomenon, related to a decline in fallow periods and the
introduction of exotic weed species. Observations made in the 1950s (1-lalpem 1961),
indicate that weed control in upland rice (slash-and-bum systems) was less labor-
consuming than for lowland rice. Izikowitz (1951) gave a detailed description of
slash-and-burn cultivation by Lamet farmers in northern Laos in the 1940s. He con-
sidered slashing the most important labor requirement but also mentioned weeding
activities in June and July.
      Farmers are well-aware of the effect of fallow length on weed abundance during
the cropping period. Regulations on land use and increasing population pressure,
however, do not allow them to maintain long fallows for weed management. The Lao
farmers may be close to the critical point where it will be profitable for them to shift to
a more intensive land use system (Boserup 1965). The average fallow periods
reported were 38, 20, and 5 years for the 1950s, 1970s, and 1992, respectively. Over
the same period, the average weeding inputs increased from 1.9 weedings in the
1950s to 3 S weedings in 1992 (Roder et al 1994). Effects of reduced fallow length are
likely to become more pronounced after the same areas have been used for several
crop-fallow cycles. Weeding requirements and soil fertility problems may thus
increase further in the near future.
       Realizing the key role of weed problems in present and future upland rice produc-
tion systems, the Lao-IRRI project at its inception in 1991, placed high priority on
weed and weed management (Fujisaka 1991). Ongoing research activities explore the
possibility of weed management using herbicides, mulching, improved fallow, and
cropping strategies The initial findings of these research efforts are summarized and
discussed in this paper.

Materials and methods

Experiments were conducted at the Houay Khot Research Station (19ºN) or on farm-
ers’ fields in the Xiengnguen district in the vicinity of the research station. Soil at the




