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CCL is a French solidarity association operating exclusively in Laos since 1980 . The
x UUx OUIT wOl wbUUwi OUOET UUwPEUWUOWT 1 OxwbOwUT 1 weod
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educational, nutrition and health projects

This study was undertaken in the framework of a rural development programme
in Oudomxay Province. The programme has been developed since 2012 in close
cooperation with the provincial agricultural and forestry services (PAFO) in collaboration
with district staff, notably DAFO and DONRE. Following an initial projectin Nga, La and
-EOOUwW#PUUUPEUUWI UOOwWI Yht wOOw! YRAOwWUT T ws ET UDE
OOUOUEPOOUUW+EWEOEwW- EOOUW#PUUUPEUWDOwW. UEOOREa
launched for the period from 2018 to 2021. The main backers of the project are the French
Development Agency (AFD), the Brot fur di Welt (BfdwW) and the Rhin -Meuse Water
Agency. Approximately 17,500 people from 40 villages in La and Namor Districts (Figure
1) are involved in this second phase, the general objectives of which are to improve rural
living conditions and poverty reduction. These villages are mainly populated with the
Khmu, Hmong, Akha, Yao, Pounoi and Lue ethnic minorities .
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Figure 1: La and Namor Districts
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Figure 3: Initial VCPC creationmeeting in Sakua Village, Namor Distri@€CL, 2019)
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Hydro -sediment processes in a continental context take place at the watershed .
This coherent spatial unit helps one understand interactions between different geographic
objects, transfer processes between sediment producing zones, water ways and
accumulation zones (Reulier, 2015). The presence of different geographical objects as wél
as their spatial and temporal organisation define spatial connectivity or non -connectivity.
Five factors can be used to define connectivity: climate, potential drainage runoff, position
in the landscape and the progression and flow of buffer zones (Bracken and Croke, 2007).
Climate is considered as the key factor in initiating runoff and is thus the connection
activator. Climatic values vary in each part of the world, and are also evaluated in
function of rainfall intensity, length and antecedence. Potent ial run off is also influenced
by several variables such as slope (constant) and infiltration or land-use modes
(variables). Its position in the landscape conditions the distance between the runoff source

and zones of transfer and accumulation. Finally, flow pathways are integrated as
connectivity vectors and buffer zones as barriers (Figure 4).
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Figure 4. Connectivity factors, Bracken €roke, 2007

The watershed approach is not widely developed in Laos where water resource
protection is concomitant on forestry protection (Badenoch, 1999). The spatial solidarity
concept appears in the Water and Water Resources Law of 1996Article 34 notes that
attention must necessarily be given to downstream users by upstream users and vice-
versa. This upstream/downstream solidarity is upheld in villages to manage rice paddy
water levels. Villagers are thus perfectly aware of this concept, especially when it does
not function correctly. Pollution from upstream villages sometimes adversely affects
natural resources and vulnerable areas

In this study , vulnerable areas are spaces used by villagers directly ,such as living
areas, schools, roads and pathvays, or indirectly through their food such as drinking
water catchments, rivers, rice paddies, lakes and NTFP collection zones Exposed to the
hazards of pesticide flow, these spaces have become major public health issues. Some
of these spaces areclearly connected to upstream water supplies, such as catchments,
irrigated rice fields or ponds. The objective, therefore, is to isolate the danger by ending
or disconnectingitin order to limit the risks of population exposure

22, 1 Ul OEUWEOEWOOUWEwWPOUOWUO
221. +EOEUEEXI w
+EOEUEEx] wEOEOQaUPUwPUwWEwWITI OTUExT T UzUwUUE
geographical practice including an analysis of the shapes and human activities present in
the landscape or geographical space they encompass. Landscape gives empical and
deductive information concerning spatial functioning and organisation. These analyses
are downplayed by geographers who give them little scientific credence. They are,
however, the first step in many geographical studies. In a context lacking data , landscape
dynamics insightis a necessary first step in understanding hydro -sediment flux .
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Landscape approaches, combined with general physical geography notions, are
enough to produce an initial empirical analysis of sediment transferin small agricult ural
basins in Northern Laos. This empirical landscape knowledge should be promoted since
it calls upon simple hydraulic and topographic notions which can be easily acquired by
local stakeholders. Empirical identification of the different connectionsis th en relatively
simple, even if measuring their value precisely s difficult .

222. (OUT UYDPI PUw

Semi-directive interviews were conducted during the research. This interview
format is the one most frequently used in social sciences. It allows the interviewee to
answer a list of preliminary indicative questions while giving enough space and freedom
forindividual expression. The questions exist as interview guidelines. A final reread helps
to catch anything left unsaid. The questionnaire thus is mor e a list of information to be

collected than a series of questions to be answered. Formulations and angles of approach
differ from village to village .

For methodological reasons these interviews were not transcribed. Translation
challenges involving 3 or 4 different languages make interviewing difficult. Because of
this, it cannot be stated that this data acquisition method is totally efficient. A
guestionnaire enquiry would probably be more efficient to collect quantitative pesticide
use data. This data aquisition method does, however, require prior knowledge of the
terrain which was not possible. Our data collection method became increasingly
interesting as the study progressed and can be used for future systematic data collection
missions.

The semi-dir ective interview is thus the most efficient and pertinent method for
understanding the different issues on which villagers wish to communicate, while taking
into account qualitative data. Lack of direct field knowledge was also one reason for
choosing this method. When one does not know what to expect, it is easier to have a larger
discussion about pesticide use and erosion than limit oneself to a list of restrictive
guestions.

223." EUUOT UExT aw
2.2.3.1. xx UOEET wwuw
Spatial data collection, from the terrain itself and p re-existing data bases, is the
building block of a cartographic procedure. 3T PUwUUUEaz UwdIl El UUEUa wgEU
hydro -sediment connections are above all land-use data within a parameter defined by
tele-detection and GIS. Other data needed to understand hydro -sediment flux are those

concerning elevation. A Digital Elevation Model (DEM) was used. Other sources of
vectorial data or images already exist and can be quite useful. We also found certain
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administrative boundaries, such as roads and rivers, as well as regulatory zones
stemming from land -use legislation.

DOEOOAOWPOWOUET Uwi OUwWUOT T OwUOWET wUOUI T UOwbhC
of brute data is necessary. These changes take more or less time in function of their

treatment. For this reason, teledetection and digitalisation of land -use methods were
undertaken.

2232, ' UU0UI wEEUE ww
2EUI OOPUI WEGEWEI UPEOwWPOET 1 Ua
The study prefers images taken at the beginning of the rainy season, when land-
use can most easily be identified. As a directconsequence of this, cloud cover is a veritable
data collection constraint making high quality annual image capture difficult. Because of
this, no quality image was obtained during the 2018 season. The data used in this study

are also free of access, sincpurchasing data was out of the question for the 2 studied
districts .

Sentinel 2

The Sentinel 2 network acquires satellite images with a 10 metre resolution in the
3 visible spectral bands and infrared (IR). To take it one step further, the Sentinel 2 mission
also acquired 3 infrared bands with a 20 metre resolution, which allowed us to obtain high
spatial and radiometric resolution data. These data were those used in the study for 2019

Landsat 8

The Landsat 8 mission began data collection in 2013. Witha 30 meters resolution,
Landsat 8 captors are collecting spectral wavebands of near infrared used for vegetation
analysis purposes and mid-infrared for hydrometry analysis. These free data are essential.
+EOEUEUwWWZ UWwOEDOwPkI1 EOOI idhthakihglingayebgrapbieandlysisE U D E O wl
difficult, for example in swidden plots along the valleys under study
Esri World Imagery

For clients having a GIS ArcGis license, Esri gives access to a global mosaic
bringing together high resolution aerial and satellite spatial images. These data, last
updated in 2013, are interesting for the cartography of immobile landscape elements such
as roads and villages.

$01 YEUDOOWEEUE

Alos Palsar
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Alos Palsar dataset is a resample of SRTM (shuttle radar) data collected by
Endeavour mission. It proposes a global and free digital elevation model (DEM) of 12.5
meters.This DEM is used for slope analysis and to better delimit certain agricultural plots.

It is also used to map waterways theoretically located in thalwegs with all the
methodological limits implied in these geological data processes. Landslides, ravines and
other micro -topographic elements cannot be detected by this DEM. Landslides and
ravin es do, however, influence hydrography and most especially the connections at the
head of watersheds. This lack of precision as to where waterways flow makes on-ground
investigation vital if one is to fully understand how waterways and ravines can drain out
into the upper valleys .

YEPOEEOI wYl EUOUPEOWEEUE

Global data used are free OSM data. Cover quality of these data are inconsistent
and their use is questionable. These data must therefore be most often supplemented by
on ground investigation and digital rendering on high resolution images. Other national

data bases do exist with shape files for administrative boundaries and waterways. The
source of these files cannot be verified

Other vectorial data have regulatory value. Stemming from the Land -use Law of
1996,land-use planning mapset the cartography of different forest, agricultural and urban
village zones (Figure 5). This zoning seems to be interpreted differently by villagers.
Village boundaries are not always as hermetic as the maps would indicate and
agricultural zones are not always where villagers f arm. Finally, the geographic precision
of these zonesiis fluid, leading to much confusion on the ground .
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Mainatao Landuse Planning

Legend :
- River and stream land

- River buffer land

- Cemetery or sacrificial land

- Protection forest

- Conservation forest
Production forest or managed use forest A
Agricultural crop cultivation
Paddy field

- State construction land

- Cleared construction land

Newly extended construction land

Sources : DAFO, Namo District
Edition : CCL, 2019

1
- Unpaved road | ]Kilometers

Figure 5: Example of landise planning map edited based on the Land Law
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Landscape elemert vectorisation can be done using images through digitalisation.
In this case, the main waterways, roads and urban areas are digitalised in order to

complete or correct available vectorial data. Land-use data as of 2019, especially of rice
fields and uplan d plots, are then digitalised using Sentinel 2 images.

NN
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Tele-detection tools are used in the study framework in order to produce a
diachronic cartography of swidden plots. The initial objective of this was to assemble data

from 7 consecutive years so as to better understand plot rotation schemas. Another
objective was to put upland agricultural surface evolution in perspective
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Figure 6: Graphic representatioof pretreated teledetection data of swidden plots in 2016 (black), 2017 (red) and 2019 (orange)

Tele-detection has several advantages.Firstly, it allows systematic and global
mapping of plots under cultivation (Figure 6),bT DET wbUwOOU wx OUUDPEOT wkbU
digitalisation. These data can then be used to assemble other geographic data

1 Proximity or connection of these plots with the hydrographic network ;
Proximity of these plots with roads and paths ;

Position in the basin: convex, concave slope, top or bottom of basir
Replanting period in each of the plots;

Type of crop;

= 4 4 -

All these above mentioned data can be used to analyse geographiacharacteristics
which will help communities choose their crops and agricultural variables in their village
basins. The next objective is to classify the plots in function of their rotation schedule so
as to better evaluate basin vulnerability to pesticide flows.

For this tele-detection pre-treatment to succeed, several bands are brought together
to create a colourised image(Figure 7 et 8). These then help us visually determine swidden
plots. Different available spectral bands are also combined using indications to give
precise readings for each pixel. All these bands and indications are used in decision-
making arborescence in order to classify pixels in function of their radiometric
characteristics. The results of these treatments then lead to a master map of swidden plots.
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Figure 7: Lands&8 image, using false infrared (Houayle Figure 8: Sentinel 2 image using false RGB colour (Te
Vangven, 2017) 2019)
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The Normalised Difference Vegetation Ind@XDVI ) is one of the most commonly
used vegetation indexes. It allows one to distinguish spaces having strong chloroform
activity, such as forests and uncultivated land and others, such as swidden plots, man-
made surface or rice paddies before irrigation.
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The Normalised Difference Water IndéXDWI ) is a water index created by Gao in
1996. It is used to estimate the amount of water in soil or plants. The naked uplands soils
reflect differently from wooded, man -made spaces @ rice paddies. This index has
detected, however, variable humidity from one swidden plot to another .
ey "OlY 0 0OY
VROPY 5 oY
NDSI

The Normalised Difference Soil IndgNDSI) uses medium band and short band
infrared to differentiate mineral spaces and vegetal cover. This index is thus perfectly
suitable to tele-detect swidden plots .
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Colour Indication

Colour indexes vary in function of different soil characteristics. Detecting naked
soil is its most common use. Naked soils are clearer than those with vegetal cover because
they are dryer. Analysis of different shades of grey is used to distinguish differ entdegrees
of humidity and labour, or if the soil contains more iron or limestone. Uplands therefore
are clearer in the Southeast part of Namor District ¢ which is karstic -UT EQwUT 1 wEDUUL
Northern schistose and sandstone soils.
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Analysing pesticide flows implies understanding both pesticides and sediment
creating areas (risks), the areas in question (stakes) and the links between spaces
(hydro -sediment connections ). For each of thesethree spaces characterising community

risk exposure, landscape analysis, interviews and cartographic work have been carried
out.

Interviews and landscape analysis led to the results presented in Chapters 4 and 5
of this study, which include agricultural la nd and hydraulic connection classifications.
Classification use is as old as science itself and is used to confirm a certain number of
intuitions (Grawitz, 2003). In this work, classifying leads to an empirical understanding
of and comparison between different landscapes uncovered during fieldwork. This
approach leading to classification productionis intuition based which can then be verified
in discussions with villagers or during fieldwork. These conversations with villagers are
necessary since their exgerience is essential in producing a coherent classification system.
Another advantage of typology is its systematic nature. Every aspectis described using a
series of attributes used to observe if certain terrain characteristics are missing from the
systematisation.

The attributes assigned in these 2 descriptive chapters are mostly geographic
information, such as topographic positions, proximity to a water network and pedology.
There is also an emphasis on agricultural practices, such as crops and seedings well as
village constraints.
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The second method consists of cartographic analysis. Empirical data listed in
Chapter 5 helped produce cartographic renderings used to answer questions posed by
the study. The first identifies pesticide flow risks, the seco nd is a cartography of
sensitive areas and the last section deals with the possibility of mapping and
measuring the size of inter -spatial hydro -sediment connections .

24" 1T OPEITl wOi wybOOET 1 U

Studied villages were chosen mainly to follow up on the work of Lauren t Lespez
and Marie -Anne Germaine in 2016 and 2018. Mainatao and HouaylackVangven Villages
were visited at that time and a systematic landscape analysis was conducted. These 2
villages were therefore on the top of the list for this study. The third village , Teuka, was
chosen to complete the approaches developed at the first 2 villagesand thus a context
other than sugar cane culture. Teuka is also the target village for a study undertaken by
Lucas BenMoura and Ombeline Malbrunot on the tea supply chain in Oudomxay and

was also chosen to complete CCL knowledge in a PDPO2 representative village n
Northern Namor District (Figure 9).

20
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f Kilometers

Rivers Sources : OSM, DAFO NAMOR
Roads Author : Luc Sandevoir, CCL 2019

Legend: || Studdied villages
. District town

Figure 9: Map of studedvillages
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Northern Lao reliefis of various origins. The folding of the Annamite range during

the Tertiary period has intersected / mixed rocks dating from the Precambrian, the
Primary and the Secondary Eras (De Koninck, 2019). Oudomxay Province lies mostly on
sandstones from the Secondary era. The sandstone is, however, accompanied by schists
and red clays (Saurin, 1962). This upper sandstone cover is generally incised by numerous
gaps in the anticline folds, such as the gap that can be ®served between Namor and Beng
Districts, where calcium lenses from the end of the Carboniferous period produced karstic
formations. The region's reliefis also strongly influenced by the Indosinian orogeny that
involved material from the Carboniferous, th e Triassic and even from the early Jurassic.
These folds may have strongly influenced Jurassic and Cretaceous deposits in the north
of Namor district. These mesozoic sediments were then folded by the Himalayan orogeny
during the Tertiary (Cenozoic) era. Th ese peripheral wide curved folds had less structural
influence than the previous orogenic event. Furthermore, these events were combined

with important peneplanation of the province, as was the case in alarge part of Northwest
Laos.
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Sources : Anh, et al., 2007; OSM

Legend Author : Luc Sandevoir, CCL 2019
. Villages E Pliocene |:| Trias
Rivers ‘:I Upper Cretaceous l:l Lower and middle permian
Roads - Lower Cretaceous m Carboniferous and lower permian

Geological fault I:[ Upper Jurassic I:l Lower carboniferous
Figure 10: Geological map of Northern Namor District

In Houaylack -Vangven Village one can find Jurassic sedimentary series with
sandstone andred clay conglomerates. These clay formations are very erosion susceptible
and are often visible in incised ravines. Sandstone formations are usually more difficult
to spot in the uplands, although pebbles and sand are presentin the minor beds of small
village basins. The geological context is more schistose and sandstone in Mainatao Village
with older Permian rocks, although the width of the valley floor is more favourable to
accumulation shapes, such as alluvial fans and overflows. Finally, Teuka Village features
a series of cetacean sediment with similar lithological characteristics (sandstone and clay)
formiOT wUT 1 wY b O OFiguredW.wET EUOE O
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This geological diversity is at the origin of a complex filling of valley beds resulting
in a large range of pedology, even if the soils must most probably be similar to the acrisol
family (FAO, Soil map of Southeast A3iaThese generally thick soils are the result of
bedrock degradation due to heavy monsoon rainfall. These soils are generally poor, or
even toxic, with traces of aluminium (Scriban and Mathis, 2018). Combined with steep
UOOxT UOwUT 1T wul T D00z UwUODOU wWUUUE andaergahicmattetuE wi O U |
accumulation. Itinerant swidden agriculture takes advantage of this stocked carbon, thus
getting the most from these seemingly ungracious soils (Driessen, et al, 2000). The organic
material supplies rural communities with high fertilit 'y, preserving the acrisol, which is
porous in forests although susceptible to sludging and thus to surface erosion when bare.
It is therefore necessary to maintain long cycle rotations to restore fertility and protect the
soil (Ducourtieux, 2015).

323 0x OX UEWEOEwWI aEUOT UExT aw
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the main tributary of the Nam Ou with a rate of flow of 68.4 m3/s (IFC, 2017). Even though

2 other drainage networks exist in the east of La District and the south of Namor District,
the 3 studied villages are in the Nam Phak watershed.

The hydrographic network is generally dendritic, due to the properties of the rocks
present in the area, which are impermeable and have low resistance to erosion. The
network is locally characterised by unconformities, due to erosion by superposed and
antecedent streams, linked with the tertiary peneplanation and the Himalayan orogeny.
However, on the provincial scale, there is a north/northeast south/southwest parallel
folding network. Sandstone lentils between Beng and Namor Districts produce karstic
hydrography containing large underground rivers, with losses and resurgences making
hydrography difficult to predict

Water flow patterns are strongly influenced by climate, t he mountain landscape
and the impermeable nature of most watersheds. Water flow is thus characterised by large
variations between the dry and monsoon seasons Since this is a mountainous area,
water flow is on steep slopes and very rapid . Water flow is oft en in the form of flash
floods. Small basins, combined with landslides, can at times cause catastrophic situations
(Vientiane Times, 6 August 2019).
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Temperature (C)

33" OPOE&®HOOOI
Lao meteorological data are often disparate. Two meteorological stations produce
complete results and are used to characterise the climate in Oudomxay Province: the
Luang Prabang station to the east and the Luang Namtha station to the west(Figure 11).
Even though they are incomplete, daily analysis is undertaken from the Oudomxay

station data. These daily data cannot be used to give a global assessment since in La and
Namor Districts monsoon storms are local.
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Figure11: Luang Namtha (left) and Luang Prabang (right) Climographs

Northern Laos has a tropical monsoon climate influenced by mid -sized mountains.
The rainy season takes place from April till September and the dry season from October
till March. Rainfall increases progressively from April to August . The rainy season
begins with violent and local short storms, although in July and especially in August
rainfall is more regular and spread out (Figure 12). Temperatures are lower in the dry
season, especially in December and January.Rainfall during the dry season is very
scattered and insignificant .
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Figure 12: Daily rainfall in mm, from Muang Xay station (2018)
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All rice paddies are used during the monsoon . Project villages cannot grow rice
during the dry season. Rice production is traditional and mostly consumed by the
families. Surpluses are often sold. Mechanical means are limited and phytosanitary
product use is not systematic. Northern mountain village cropping systems were recently
diagnosed for CCL and other NGOs (Bertiaux, 2015; Cachera and Mournetas, 2017,

Scriban and Mathis, 2018). Observation and interviews are mainly focused on the
transition between dry and rainy seasons, irrigation systems and possible pesticide use.

Dry to rainy season crop transition is problematic due to rainfall, which can start
at the end of April or very late at the end of May or the beginning of June as was the case
in 2019. Families generally prepare a paddy as a plant nursery as early as posdile in the
season. They work the soil and irrigate the other plots in the 3 to 4 weeks before
replanting. The transition period between the last pesticide use on off -season crops, such
as tobacco, and the next crop can last between 7 and 12 week3his relatively long period
allows for the decomposition of products used off -season. Soil transformation linked to
tillage and soil working, and the passage from aerobic to anaerobic states has without
doubt consequences for pesticide residue evolution. Not enough scientific literature exists
concerning these transition periods and the possible influence of off -season crops

Possible pesticide use takes place generally after planting, during a critical time for
recently re-planted young rice shoots. Certain villa ges use herbicides to curtail weed
growth . These selective herbicides are generally very soluble . Some are applied using
emulsion capsules (one capsule for about 10m2), others are sprayed using a backpack
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sprayer, such as the often used mix of 2.4 dichlorogphenoxyacetic acid (2.4 D) and
butachlor, which is the most widely used product in irrigated rice cropping. The
concentrations are usually 12kg/ha.

Emulsion capsules are comprised of sulfonylurea and amides, although it is
difficult to get the exact compo sition of this chemical product. The producer, Shandong
Kesai Agrochem Holding Codoes not give out information on active ingredients which
could be dangerous if the amide pesticide is other than alachlor. This is not very likely
since this molecule is found in Appendix 3 of the Rotterdam Convention which was
ratified by both Laos and China. The 2.4 D and butachlor mix found in the villages is from
Pato Agricultural Clinic Co. Ltdin Thailand. 2.4 dichlorophenoxyacetic acid (2.4 D) is
known to be 1 of 2 molecules comprising Agent Orange. Its continued presence in the
environmentis minor and its by -products are not an environmental hazard according to
current knowledge. The 2.4 D acid is, however, very toxic and is most probably an
endocrine disturbing car cinogenic

Chemical usage can also be linked to irrigated rice farming, such as irrigation canal
and paddy levee maintenance. The pesticide most often used for this is glyphosate. In
many cases, weeding is done manually or mechanically. Somevillages have access to a
brush cutter so they can keep herbaceous vegetation needed to buttress paddy levees

412. #VawUl EUOOo wUT T wi BREOxOI wOi wUOEEEE Quw

Over the past 15 years, many villages have been using their paddies to grow cash
crops during the dry season . Several crops have been brought into these spaces, often
with financial and technical assistance from contract farming companies. Different supply
chains have developed in La and Namor Districts. These crops includegreen beans, soya,
pumpkin and tobacco . These crops are heavily pesticide dependant. Pesticide use is
deemed necessary to eliminate product defects as required in their buyer contracts. This
directly determines farmer revenue. Investments are most often made by the firm
requiring intensive space-consuming production. Off -season crops are not always

contract farming; in these cases the families invest in the production themselves and
purchase their own plastic crop covers, pesticides and fertilisers.

Tobacco growing is emblematic of off-seasoncrops. For this reason, tobacco
production and sowing schedules are part of this study (seeTechnical management and
spreading schedule for tobaccoin Figure13). This work is based on the data collected at
Mainatao Village and, to a lesser degree, at Pakham Village (Malbrunot and Ben Moura,
2019). The point of the comparison is to perform a synthesisof practices in the 2 villages,
working for the 2 firms active in Laos. The Mainatao Village tobacco farmers work for the
Chinese Hongta Group and those of Pakham Village work for Lao Tobacco Limited
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Tobacco nursery preparation begins at the end of October for harvested rice
paddies. Nursery time is approximately 45 days. We were unable to collect any data
regarding pesticides used in nurseries or on seedlings. Soil work begins early December
by clearing land of thatch followed by labour while the soil is still humid. A 15 day wait
Is then required to dry out the soil before building billons on which the tobacco will be
replanted.
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Figure 13: Technical management and spreading schedule for tobacco

Planting is generally done during the first week of January and is manpower
intensive. It consists of 4 stages

9 Fertilisers in buttresses

Planting

Placing plastic on the buttresses
Individual plant watering

= =4 -
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of these, imidacloprid , is sprayed 4 days after planting. Approximately 10 ml of this
insecticide are used per hectare. The second spraying takes place 15 days later. Villagrs
interviewed did not, unfortunately, have any more bottles of this in stock. Benzoate
emamectin is the third insecticide sprayed three times before the end of flowering at the
end of February. The product used to terminate flowering could not be identif iedand its
use could not be confirmed in Pakham. Farmers cut the plant heads and pour a drop of
the product into the cut stem. Following this, the leaves can grow until harvest. Before the
harvest, dimethaclore , a selective herbicide, is applied almost every week. Harvesting
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and drying take place in April. There seems to be no break between the end of dimethaclor
treatment and harvesting .

413. 1PEl wxEEEDI Uo WEWUOEPEOQWEOEwWxT aUPEEOWOEOD
Rice farmingis at present performed in Mainatao in valley paddies. The increasing

size of rice paddies is in function of the end of upland rice farming and represents an

increase in village productivity. Rice paddies do not, however, always deliver regular

harvests or their promised security. Rice paddy fertility is in function of their geographical

position, soil conditions, erosion susceptibility and flooding which can vary greatly.

Productivity is also directly related to the quality of the irrigation network. Mainata o

villagers have explained that only 1.5 Ha out of 36 Ha of all paddies are irrigated. The

irrigation referred to only concerns elaborate systems of cement canals and underground

networks. Gravitational networks can be found all throughout the village. The sandy

UOPOzUwxl UOI EEPOPUAWEOI UwOOUWEOOOPwWI OUWUDEIT wE

only on rainwater. Other characteristics allow us to differentiate between different types

of paddy. These distinctions use concepts of physical geography, summary landscape and

soil quality analyses. They are not completed with pedological samplings and references

to them cannot be found. These observations and intuition can, on the other hand, lead to

an initial classification :

Valley bottom paddies with arige silt fraction(Figure 14, second plan) are the most
productive when well irrigated. Since they are found on elevated alluvial terraces, they
must be fed from either a stream or torrents from neighbouring valleys. In the first case,
the slight slope often requires a long network, an expensive cement canal as well as
technical and financial O1 EOQU wb T PET wEUIl woOi Ul OwEl aOOEwWYDPOOET
the network s easier to build thanks to a steeper and smaller slope. Counting on torrents
is, on the other hand, riskier and can often lead to flood damage to artisan wells. These
problem s can run from a dam break to a build-U x wOi wUIl EDOI OUWEUwWUT 1T wh UL
entry point .
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Figure14:Irrigated rice paddiesin an alluvial fan in the foreground and the valley bottom in the background (Mainatao, July 2019)

Valley bottom rice paddies with large sandy fraction
(Figure 15): These paddies, near waterways, are
located on lower terraces and are often touched by
flooding of the Nam Lao River. A visitor to some
paddies can evaluate the damage from the floods
of 2017, with its sandy as well as gravel and stone
deposits. Some stones are larger than 10 cm in
diameter. Discussions with the landowner led us
to estimate a five-year recovery. According to the
landowner, and counter -intuitively since soil
permeability could raise irrigation difficulties, this
plot is appropriate for rice farming. The
hypothesis leading to this conclusion could be its
proximity to the alluvial groundwater during the
rainy season which, when combined with
irrigation, can produce satisfying har vests.

Figure 15: Tobacco billon on a low alluvial terrace with a la
sandy fraction (Mainatao, March 2019)

Alluvial fan rice paddiegFigure 14, foreground ). Located where rainwater drains
from valleys, these paddies are generally very sandy. The fans are often old and erosion
is only present at torrent banks sent to the foot of the basin, cutting deeply into the
sediment. This cutting generally leads to progre ssive erosion of nearby rice paddies
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without necessarily flooding them. Irrigation rainwater captures are usually upstream
when the torrents are forced by topography and not at the fan apex, where torrential
flooding erosion usually takes place .

Rice padies in small watershed thalwedsgure 16). These are generally smaller plots
with soils similar to those found at the foot of the watershed, most probably colluvium.
The problems raised by the landowner dealt with irrigating the paddies on steep slopes,
especially when the plot is large. In observed cases there were many irrigation methods,
resulting in water arriving (i) by seepage, (ii) by hillside drains directing watershed waters
to the paddies, (iii) by a small stream at the head of the watershed flowing with a
distributary during a downpour or for larger plots, or (iv) by an irrigation canal bringing
the water from a distance. These methods are often combined andallow farmers to bring
water where it is needed.

Figure16:1 PET wUl UUEE]T UwbOwUI 1 whEUI WUT T EzUwWOT EOPI T wps E (
We can now examine the case of a large plot of land located too low in the valley,
on a branch of the Nam Lao River which is flooded every year. The landowners still try
to plant this plot every year. Only cattle seem to appreciate the rich grass growing t here

during the dry season. It should also be noted that many plots in the valley bottom were
consolidated, an act which generally increases paddy sizes

414 . 5E001 awEOUUOOWOEOEUEEX] wEl EOT 1T Uuw
The nature and diversity of accumulation shapes on which rice is grow n is in
function of material brought from neighbouring watersheds as well as their pedological
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and geological characteristics. Differing physical contexts from one village to the next can

lead to more or less developed dejection fans or even a slit in valley floors. Since most

paddies were built after the village was created in 1977, it is doubtful that the paddies

xOEal EWEWUOO! wOUT 1T UwlT EQWEET T UDPOT wOOwWUT T Ul wuT ¢
their paddies every year, but rather to consolidat e them in their present state. Rice paddy

terrace soil quality improves yearly. This is thanks to improvements made in the irrigation

system as well as paddy capacity to hold fine matter in suspension.

Pebble layers as observed in shallow alluvial valleys bear witness to recent
torrential alluvial activity spreading large quantities of large sediment at the valley floor
and on dejection fans (Figure 17). Dam building for irrigated rice growing and the
modification of slope systems by terrace building probably make the alluvial systems less
mobile than in the recent past. Certain partially developed parts of the valley, however,
must still contend with the mobility of torrential rains and the resulting distribution of
solid sediment (Figure 18).

2 A
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Figure 17: Layers of pebbles in an irrigated rici Figure 18: Spread of pebble layers inrice paddies nee
paddy (Mainatao, March 2019) torrential landslide (Mainatao, March 2019

Landscape evolution on a valley floor along with suspended solid displacement is
probably a greaterissue today than it was in the past. Accumulations of an alluvial nature
EUIl wOI YI UOTT Ol UUwUI EPUUUDPEUUTI EwUxUUUI EOQwOi wkE
displacement of suspended solids by irrigation and throughout paddies varies in function
of different landscape catchment types through which irrigation canals pass, be they
uplands, forests or alluvial plains. This progressive approach can therefore supply
information as to displacement and accumulation type evolution, which is an essential
step in quantifying sediment accumulation .
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Rice paddies are mostly located on accumulation shapes, be they dejection fans,
alluvial plains or colluvium watersheds. Due to this characteristic, rice paddies can be
considered as sediment sinks. In the case of rice paddies, however, the absence of
sediment transfer does not exclude hydraulic transfers. This begins with transfers from
one paddy to another, and then from groups of plots to waterways and humid areas. In
this way, the transfer of certain highly soluble pesticides is made possible during wat er
level management. This is the case of dimethachlor, for example, which is used heavily
on tobacco crops until the end of harvest at the beginning of April. What eventually
happens to pesticides used in the off-season during paddy flooding is as yet unkn own
and requires further investigation. Since degradation and solubility periods vary from
one molecule to the next, it is difficult to establish whether one molecule - or the by-
products of its degradation - are susceptible to transport by irrigation .

Figure 19: Hydraulic transfer between rice paddies (Vangven, July 2019
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An in -depth study of a group of paddies in Mainatao uncovered a strong hydraulic
connection between paddies. An irrigation canal usually flows from the foot of the
watershed above the paddies. These are then irrigated by secondary canals linked to the
main canal. Water is then eitherimmediately distributed from the main canal or through
secondary canals. Paddies in a single group of
plots are thus directly connected to their
topographic upstream (Figure 19). However, some
irrigation networks are also connected to
waterways or other groups of plots downstream.
This connection is made possible when rainwater
is overabundant and the catchment is not
damaged. Water outlets are often unidentified. [
This is because they are temporary and also "
because they are numerous in downstream paddy s
levees and exist thanks to overflow mechanisms =
(Figure 20). Further discussion and especially
observation are needed to better understand water |
level management. Paddy flooding is, however, a
progressive event. Paddies are irrigated after rice
shoot replanting. Surface water then facilitates : : s S
particle suspension especially during harrowing  Figure 20: Upstream water evacuation of a rice pz
and replanting while also providing soil ~ 9"uPofplots (Vangven, July 2019)
protection.

Sediment transfers are therefore small and terraces make up wells where some
upstream sediments collect each year. Their vulnerability to flooding and erosion, as well
as their location at the valley bed do not however remove them from the alluvial system.
Indeed, their connections to watersheds make them susceptible to pesticide and sediment
transfer. Paddies can also be damaged by landslides. Sediment reduction is mostly due to
torrential erosion processes with often important bank erosion within ameander or at the
apex of an alluvial fan (Figure 21). Quantifying these phenomena kinetics is lengthy and
difficult.
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Figure 21: Alluvial fan apex, substantial bank erosion in irrigated rice paddy (Mainatao, April 2019)

Accumulation mechanisms on valley beds vary according to their development, be
it in a rice paddy, a pond or an alluvial terrace. In ponds and bodies of stagnant water,
accumulation is done by decantation and dredging. River mechanisms, such as flooding
and reduction due to bank erosion, also apply to alluvial terraces. Humid areas in valley
beds are subject to mixed mechanisms. In these cases, local issues are important. These
spaces are susceptible to pesticide pollution and their conservation is part and parcel of
village public health issues. Be they ponds, stagnant water, rice fields or alluvial terraces,
these spaces play an important role is village water supplies. As drying periods get longer,
so does pesticide accumulation in altered soils. Molecule breakdown processes are also
disrupted by successive accumulations and anoxic conditions. On the other hand, it is
certain that pesticide concentrations are often greater in alluvial soils than on watersheds,
even in places where no pesticide was releasedRassaponget al 2018).

424 x OEOEUWET UPEUOUUUI w
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Upland plot preparation is a deeply rooted traditional activity for many uplands

ethnic groups. The process of clearing and burning is often accompanied by religious
rituals, the celebrations of which are determined by the lunar calendar, creating time
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constraints for the villagers. Further bibliographic studies or complementary interviews
would be needed to understand better these religious constraints, or those formed by
habit. These investigations on swidden practices were mostly undertaken in Houaylack -
Vangven Village and are most probably similar to other Khmu villages in the region .

 Thefirststi x uPEUwWUOWOEUOQwWOUUwi EUOEEOI wUOEUOUDYE
fertility is calculated in function of soil humidity and tree size. If the trees have
grown quickly, villagers consider that fertility has been restored and they can then
begin clearing the land.

1 Afterclearing the land and cutting down the larger trees, one month is required to
dry the wood. After this, villagers meet to determine plot limits and when these
are to be divided among different families .

1 Before setting the fires, a 2 to 3 méer wide firebreak is dug around the plot. The
fire is then directed from the top to the bottom of the slope in order to control the
flames better and avoid a dangerous blaze.

1 Forthe Khmu, the following days are well planned. The first day after burning, the
family chooseswhere the bungalow will be built on each plot. On the second day
the plot cannot be entered for religious reasons. On the third day, the family builds
its bungalow and on the fourth day they can begin cleaning out the burnt tree
trunks, often lighting smaller secondary fires .

422. 3BUEEDUDOOEOWET UPEUOUUUI OWUEDOuwIi I EWUDET w
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Uplands rain fed rice growing involves 15 to 16 families in Houaylack -Vangven
Village. Families growing rice on slopes have little or no irrigated paddies. Despite the
extra crops they supply, rain fed rice does not allow families self -sufficiency in years when
waiting tim es can run up to 6 months. Most rice planting involves manual or chemical
weeding. Planting takes place in June during heavy rains. Farmers use a burrowing stick
to make a hole in the soil in which they drop the seed . The holes are approximately 40
cm apart and placed in quincunx.

In Teuka Village, most families still depend onrice -fedrice farming. Planting takes
place at the same time, although soil work is different. When the plot has been cleared,
villagers plant by making holes, but during the follow ing years they hoe the entire plot
before scattering the seeds on the ground . They explain that yields begin to diminish
after two years, following which they use a more productive method with yields up to 2
tonnes/hectare as opposed to 1.5 tonnes/hectaravith the previous method. However,
surface erosion is greater with the second method where hoe work facilitates the creation
of a sludge crust causing rapid surface water flow .
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Rain-fedrice is often planted at the tops of slopes. Farmers preferusing the bottom
of the slopes for higher yield cash crops. Rain-fed rice is also mostly planted in difficult
to reach areas. Once again, cash crops and notably sugar cane are most often planted near
roads or paths in order to facilitate their commercialis ation.

Pesticide use varies from village to village .In Vouaylack-Vangven a few families
spray a 15% mix of Metsulfuron Methyl. This product takes effect after one week. Most
families, however, do not use chemicals to weed, especially if the plots are very small or
located over cornfields. When plots are completely hoed, weed pressure is greater and
herbicide use more frequent, especially in large plots. In Teuka most products are misused
since they were initially designed for sugar cane. Glyphosate is also used. Two sprayings
are made, one before planting and the second 45 days after first growth.

4222 U7 1 UwUOUEEDUDPOOEOQWEUOXx Uuw

Another uplands crop is galangal. Pesticide use is common in the first years
following planting in Teuka. Whenthe galangal plantis la rgerweedingis done manually.
Products and quantities are similar to those used on rain-fedrice. Villagers usually spray

twice a year during the first two years. It should be noted that this is similar to broom
grass and cotton farming, even if yields are small (Malbrunot and Ben-Moura, 2019).

Some Teuka villagers use pesticides on cardamom right before or after planting.
This farming practice is not widespread, but wheniti s set up, the villagers use glyphosate.

It should also be mentioned that mixed cropping of manioc, corn, rain -fed rice,
pumpkins (the young shoots of which are also eaten), yams, ginger, chilli and soya is
widespread in most villages. Most families have a small market garden for domestic
consumption. Manual weeding is the norm, although phyto -sanitary products are
sometimes used

423., BE&A |

Corn farming in Laos is a recent development. It became widespread in Oudomxay
Province at the beginning of the 2010s. Houaylack-Vangven Village began growing corn
as a cash crop in 2013. Other Mrthern provinces, such as Xieng Khouang, began growing
corn as early as 2000. This crop brought with it radical agricultural changes, notably
massive pesticide use, which has been abundantly studied. This agricultural boom
induced rapid land -use changes Castella, et al, 2012; Ornetsmdller, et al, 2019). Corn
cultivation leads to erosion acceleration (Turkelboom, et al, 2008; Tuan,et al, 2014), soil
fertility loss (Bruun, et al, 2017) as wellas socid EOOOOPEWEDPI | PEUOUDI UwUE
revenues were far from homogeneous.

In Houaylack -Vangven Village corn farming has increased since 2019. In this very
isolated upland village, pesticides began to be used one year before corn cropping with
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almost immediate health consequences Spraying accidents in 2018 caused severe
vomiting in 9 villagers, 2 of which resulted in death

Technical itinerary of corn crops in Northern Lao uplartBgure 22) :

March April May June July August September ~ October
>
2 2 2 Hand weeding Harvest
s £
T 2 O
v 2 O
- Py Herbicide 1
T B ] Non-selective herbicide :
._% ‘_86 g Paraquat dichloride
5 S 5 Glyphosate 41 / 48
I £ I
+ Herbicide 2 :
E’ Selective herbicide :
B Atrazine 80
3 Non-selective herbicide :

Glyphosate 48

Figure 22: Corn technical itinerary and spraying schedule

Farmers prepare theirland for planting and use herbicides at the end of May and
into June. The planting schedule is mostly driven by rainfall needed to ensure growth and
limit loss. Herbicides used at the beginning of the season are non-selective and are applied
systematically on all cultivated land. The goal is to destroy all vegetation springing up on
the hills after burning and the first rains. An interview with the vil lage committee in the
main pesticide shop helped clarify phytosanitary product use :

Two molecules are mostly used before planting and after first growth. Glyphosate
at 41% is one of the most used even though considered expensivelt is therefore used
when weed growth is widespread. The glyphosate at 48%(Figure 23) is also used. This is
less expensive and considered to be less efficient, although itis difficult to know the exact
reasons for this lesser efficacy.Glyphosate takes one week to take total effect. Observed
efficacy variations are linked to the weather. This globally used product prevents weeds
from growing back quickly .

Paraquat dichloride (Figure 23),pT PET wi EUWET | OWEOEUUDPI Pl EwE
the committee members, is the second available nonselective pesticide. « This product is
so powerful that a simple error of manipulation éahyou right away» (Houaylack -Vangven
Village Chief, June 2019) Even though this product has been forbidden in Laos since
2010, itis stillwidely used in all types of uplands agriculture. Two brand names are used
in Houaylack -Vangen. One is produced directly by Syngenta, a Swiss multinational (Thai
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label) and the other is Chinese. Paraquat kills targeted plants instantly although
glyphosate lasts longer.

Figure 23: Pesticide packaging from left to right: paraquat, glyphosate 48 and atraz{@Bgven, 2019)

Planting then follows. Seeds are treated with cypermethrin at 10%. They are also
probably treated with other insecticides although no information could be foun d on the
Vietnamese seed bags. The only evidence of chemical products was the pink taint on

A N A~ e N

The second weeding session takes place at least one month after the first to prevent
weed development while th e corn cannot yet smother other plants. Villagers once again
choose between two selective products.The most used isAtrazine 80 (Figure 23), which
is highly toxic for aquatic life. The second is another Thai glyphosate 48% product,
although its specificity is not easily understood and its use as a selective herbicide seems
to be incoherent.

No further treatment is undertaken while the stalks begin to develop since the corn
plants are large enough to smother the weeds.Manual weeding is then done if needed.

Spraying practices diversity

One woman with whom we spoke uses a mixture of glyphosate and paraquat, even
though this is against the advice of the village committee. According to the village chief,
families using this mixture are attempting to add the immediate paraquat effects to those
of the longer lasting glyphosate. The objective is to save time and money by spraying both
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products at once. According to the Vangven village chief, this calculation is erroneous
since the paraquat inhibits the effects of the glyphosate, leading to unnecessary risks and
Is a waste of money.

Herbicide use, paraquat and diquat, is widespread even for locally eaten corn ¢ be
it for human or animal consumption ¢ as in Teuka. Some families also use atrazine or
products normally designed for rain -fedrice in similar quantities and periods in villages
where corn is grown as a cash crop.Corn grown for local and family consumption is
sometimes grown in valley beds, dejection fans or downstream of rain -red rice. Grain corn
yields are smaller, and moreover these areas are generally directly connected to
waterways or irrigation networks, leading to potential direct flows of pesticides to the
water system.

42.4.2 U1 EUWEEODI

Sugar cane is a recent arrival to Laos. This crop is expanding rapidly in certain

villages in the north of Oudomxay Province. Th e crop mostly spreads through contract

i EUOPOT wUPOET wbUwUI gUPUI UWOEUUDYI wbOYI UUOI OUU
Teuka, an Akhavillage near the Chinese border and Boun Tai District in Phongsali

Province, has been growing sugar cane since 2008. A Chinese firnsupplies plastic, plants,

iTuUbpOPal UUWEOEwWx1 UUPEPEIT UB w3l 1 Ul wbOYI UUOI 60U

annual yield payments. The Chinese company (The You Jong Sugar Company Limided

paves roads to facilitate export at no cost as soon as the teget area reaches 10 hectares.

The road network is then maintained at a cost of 5,000 kip ($0.55) per tonne of sugar cane

produced. This road network is expanding progressively along with sugar cane

production in Teuka and neighbouring villages. Two variet ies are grown: red sugar cane

since 2008 and green sugar cane since 2017. Although more profitable, green sugar cane

Is also more difficult to grow, requiring abundant fertilizer use (Malbrunot and Ben

Moura, 2019).
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Figure 24: Sugar cane cropping system with: red sugar cane in the background arfddaitation crop rice in the foreground
(Teuka, July 2019)

Technical itinerary of sugar cane crajsgure25)

A sugar cane lives for 5 years. Planting takes place after slash and burning in March
like other uplands crops. The company helps build billons before planting. NPK fertilizer
mix is incorporated into the mound. Emamecti n benzoate at 70% insecticide is also mixed
in with the fertilizers. Approximately 600 kg of NPK per hectare are administered for red
and 1,200 kg for green sugar cane. Billons are covered with plastic after planting. This step

requires the most manpower, making it very demanding on families with a small work
force.
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Plantation
Plasticizing
Plantation
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Ridges preparation
Ridges preparation

Fertiliser + emamectin benzoate
Fertiliser + emamectin benzoate

Figure 25: Sugar caerotation schedule

Initial herbicide spraying takes place in June or July depending on weed growth.
A selective herbicide is then mixed with another product provided by the company. Since
the packaging is written only in Chinese, and the company contracts make no mention of
it, the active molecules are not known. Spraying is repeated 2 to 3 times a year depending
on weed growth .

The first crop is ready from January to April, approximately 1.5 years after
planting. Leaves are ripped off the stem in November and December before harvesting.
There are 4 annual yields. Each year villagers repeat the same work of incorporating
fertilizers and insecti cidesin mounds. The rows are then covered with plastic every year.
Yields begin to diminish during the final year. The land is then burned and hoed for rice
planting (Figure 24). Farmers prepare the land again 1 year later for another 5 consecutive
years of sugar cane crops. This rotation seems to be practised by all families, although this
cannot be confirmed. Sugar cane plantations will never again go uncultivated. Th e main
reasons behind this agrarian system and landscape transformation can be explained by
an increase in sugar cane plantation surfaces as well as the required proximity to roads.
There are not many villages producing sugar cane, although that number is steadily
increasing. Since this is a new phenomenon, evaluating sustainability is still difficult .

425 31 OUEUDPYI wWEOEUUDPI PEEUDPOOWOI wUPPEEI OQwx UE
Swidden agriculture is difficult to classify due to the important role played by
different crops involved and global ignorance of soil types. Soil preparation, crops,

pesticide use, accessibility, land ownership, topographic conditions and rotation lengths
are all factors to be taken into consideration when attempting to classify sloped plots.
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Practices differ greatly from one village to the next. A landscape classification, integrating
physical land-use geographical concepts, is however possible. This classification is
divided into 2 parts. The first corresponds to a traditional situation while the second refers
to spaces where newfound road accessibility has led to different developments :

Plots at the watershed he@tgure 26) : These plots are usually on the convex section
of upland plots. Their geographical position is in many ways agronomically and
economically disadvantageous. Their soils are poorer, or even syperficial, and can include
outcroppings. Accessibility is also often hazardous, making transportation difficult. These
plots are not sought after for cash crops. They are often farmed for rain-fed rice with
longer fallow times than in plots used for cash crops, allowing them to regain their
fertility. The high position of these plots makes them less susceptible to erosion runoff
and landslides.

Figure 26: Rain-fed rice hilltop plot (Vangven, March 201L9

Land at the bottom or foot of the sldpmure 27) : These plots of land are usually on
the concave side of the slope. They are thus generally near waterways at the hed of
watersheds and also more easily accessible by sealed road. These slopes have ergonomic
gualities. Colluvium is possible through small cracks in the concave slopes. These spaces
are also the catchment basin for waters from uncultivated land runoff and plots of land
I DT TT UwWwUx6w" O0O0UYPUOOWUUOOI I WEOEWUUT I xwUOOxI1 U
do numerous landslides. They are translational at the top of the plot, rotational at the
bottom and sometimes on the banks for landslides linked to re gressive erosion caused by
a cutintheravines. These land plots are generally reserved for cash crops, especially corn.
Considering the importance given to these plots by farmers, they are more farmed which
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translates into shorter fallow times making the m more susceptible to erosion, to erosive
runoff and to landslides. These three events lead to short term fertility loss and thus
smaller yields. This erosion is caused by the above described physical conditions and
generally shorter rotation practices on the more attractive land plots .

Figure 27: Cornfield at the foot of a slope (Vangven, 2a¢9)

Plots in the immediate vicinity of roadRoad access is a contractual condition for
growing certain cash crops such as sugarcane. If the bottoms of slopes are easier to
transform it is not unusual to see sugar cane fields on slope tops and crests when the road
network allows this. This practice has overturned the more determinist and traditional
schema. Uplands now are geared b economic development with physical consequences:
road building with earth moving and filling leads to slope instability with downstream
land left to deal with heavy runoff or a concentration of erosion sediment linked to road
building. This then gives ri se to lesser yields. Moreover, sugar cane and the mounds
needed to grow it block natural runoff. The very deep roots stabilise the soil almost
completely, preventing erosion. These areas are thus totally transformed by work, new
crops and the massive changs of the agricultural environment . These changes may raise
new stakes, such as those encountered in other tropical plurennial agriculture (banana,
hevea) systems.
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The above table shows how difficult it is to evaluate pesticide residue. Molecular
half-OB i 1 B0ypldried dreatly in function of observed protocols. In -field trials almost
always tend to increase deterioration times in relation to laboratory half -life estimates.
Also, these numbers do not distinguish between deteriorated and transported material
and both processes impact the amount of pesticides remaining in the soil.

It would also be interesting to create a soil pesticide residue follow -up protocol for
the project villages. A protocol of this type would help analyse molecule residue in fallow
land and in alluvial plains as well as evaluate molecule persistence and the amount of
transportinvolved in pesticide transfer .

44/ 1 UUPEDPEI wEOOEI OUUEUDPOOUWI UUPOEUIT w
It is not possible to estimate environment pesticide concentrations with data
collected during in terviews. Molecular evolution in low mountainous tropical soils is
largely unexploredand half -OP Y1 UwpUhh|l wk Y AwbDOwUTl PUwl OYPUOOOI
exact estimate of pesticide flux. An attempt was made in this study to quantify sprayed
concentrations of often-used molecules. The goal is to get a more quantitative view of the
effects of pesticides in function of the crops on which they are used. Three semidirective
interviews were conducted to collect data. These data (Table 2) are estimates from

exchanges with villagers. Five to 6 villagers in Houaylack -Vangven Village and 2 in Teuka
Village took part in these conversations.

Table2: Sprayed pesticide concentrations (estimate made by village committee members

Pesticide Houaylack-Vangven Teuka
Glyphosate 41 1,47 L/ha 1,9a4 L/ha
Glyphosate 48 4,32 L/ha /
Paraguat 0,85L/ha 0,1a0,2L/ha
Imidaclopride 0,009 L/ha /

Resultsshow that spraying practices are unclear and can lead to health problems.
Sprayers must therefore be trained to adapt their spraying practices. These numbers are
unfortunately of no use in estimating pesticide concentrations in function of crops. .

45" OOEOOUD
Field research led to an understanding of the vast diversity of agricultural
practices. Traditional activities are practised alongside the development of cash crops and
the economic opening of villages. Contract farming, and more generally cash crops, have

significantly increased household revenues. Pesticide use has become widespread as a
consequence. Their use is contractual on tobacco crops in Mainatao and in sugar cane
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crops in Teuka. Pesticides also allow extending crops to larger surfaces and therdore in
greater volumes leading to higher revenues in Houaylack -Vangven.

Villagers, however, are adopting different pesticide use schemas. In Mainatao,
pesticide use is linked only to tobacco crops and no pesticides are used on any other crops.
In Houaylac k-Vangven, pesticides are mostly used on corn to weed large fields, although
they are increasingly used on irrigated and rain -fed rice. Finally, in Teuka, pesticides are
used on all crops, including those grown for domestic consumption. Phytosanitary
produ cts have taken over this village and are the main crop management tools. Pesticide
presence thus varies greatly. There are vast differences between villages as well as
between families. Until now, some families choose to not use pesticides while others
employ outsiders to spray in their place. Finally, some families use a mix of products,
increasing overuse and the risks of thecocktail effect

Sediment transfer in the uplands takes place mainly in May and June when soils
are bare and storms are local andinfrequent (Tuan, et al.,2014).This period coincides with
the 2 main spraying times. Pesticide transfer and top -soil erosion take place, therefore,
at the worst moment in the season . Pesticides do not have enough time to degrade before
being taken by surface water runoff. This period is critical. A second dose is sometimes
needed if a storm takes place soon after the initial spraying. This problem causes
highly toxic and fast acting pr oducts, such as paraquat, to be used. The imprecision of
weather prediction is a real problem in measuring pesticide doses on most slope crops.
Pollution can therefore be alarge local problem leading to the destruction of aquatic fauna
and flora. Two such cases were noted and reported in La District.

Landscape analyses and interviews conducted during this study could not permit
a clear definition of the most pesticide polluted zones. However, the study did clearly
identify the uplands as the source of both pesticides and sediments and the valley beds
as catchments.Thus, irrigated rice paddies are by nature not prone to mobility and
upstream yearly sediment accumulation. The uplands, on the other hand, are very
mobile spaces. Rotation schedules and crop chaces have great economic repercussions.
Pesticide use, runoff and erosion vary greatly from spot to spot .
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Types of erosion

Surface erosion has all the main ingredients of pesticide and suspended solids
transfer. Storms waterproof the bare soil and break down aggregates for runoff waters to
transport. Seasonality and pedology also play important roles in triggering and
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determining the size of sediment fluxes. At the start of the rainy season, ashes from
swidden practices and aggregates flaking off the dry land (Reulier, 2015) are swept away
by the first storms. The soil which has been exposed due to herbicides and ploughing
increase this risk. Surface runoff concentration amasses in ravines which are further cut
into in function of their gradient (Janeau.et al.,2003)

Slash and burn field
Forest

----- Watershed limits
—— Rivers

«~™ Landslides cliff

~— Convex slope discontinuity
A =Translational landslide
B = Rotational landslide

C = Alluvial cone

CCL, 2019

Figure 28: Erosion and accumulation schematisation in a Lao agricultural watershed

Many landslides (Figure 29) have damaged the topography. There are rotational
type slides on shallow slopes (Figure 28, B)and translatio nal slides on steep slopesFigure
28, A). Sediment transfer is usually stockpiled in the landslide scree. When the landslide
cuts through a ravine or a thalweg bed (Figure 28, A), sedimentrelease is very quick. The
beginnings of future landslides are sometimes visible several weeks, or even months, in
advance through expansion fractures in the land.

Two types of surface erosion coexist, erosive runoff and landslides. These two
types are kinetically different and call upon opposite temporal stakes . Landslides cause
localised sediment displacement with differed transfers while runoffs cause a
generalised displacement rarely affecting pedologic structure beyond a depth of 2
centimetres
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Figure 29: Translational landslide (Houaylack, Mar@®19)

Accumulation shapes

When the landslide scree is not attached to the hydrographic network final
landslide screescan become surface runoff catchmentsleading to accumulation increase.
These screes are not, however, the only accumulation shapes found on the slopes. A
ravine or a thalweg with intermittent runoffs can also become an alluvial fan (Figure 28,
C) in case of slope rupture. Multiple fans formed by runoffs or landslides can make
erosion and accumulation processes even more difficult to characterise.

Certain forms of erosion are aggravated by anthropic construction. Roads and
paths, which are very impermeable, generally favour erosion (Figure 30). They are highly
unstable whether they are filled in or dug out. Erosion is thus important enough and can
lead to surface erosionin the case of a raised road and regressive erosion where earth has
been excavated
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Figure 30: Surface erosion linked to a farming path at Teuka (2§ 9)
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and the sediments stocked in a plot of land due to different accumulation shapes . Local
stakes are minor for pesticides since they are poured out in the uplands. On the other
hand, transport stakes are higher, since these slopes are hydresediment transfer
initiation zones. Frequent emptying of accumulation shapes and runoff are the causes of
regular sediment transfers. Watchfulness varies in function of shapes. Impor tant
suspended solid transport generally takes place at the beginning of the rainy season
when the bare soil is impregnated with pesticides .De-stocking sediment accumulations
during the dry season or during burning increases the amount of transport. Also, heavy
rains in August and September cause soil saturation leading to landslides

52" OEUUDI DE E fiip EDOO iOWIWEDDBDT EUD OO U
Four main hydraulic connections have been identified :

Direct connections to different waterwaygich drain the plot (Figure 31). These
connections are linked to swidden agriculture and the ways in which farmers divide the
land. These observations were made in the 3 study villages and can be imputed to the 2
project districts. When this connection is observed, the land is divided on ridge lines. The
plot is thus often superposed with small watershed head valleys. This schema cannot be
reproduced in every province. In Houaylack -Vangven, this connection concerns
approximately ¥ of the total connected surface.
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Figure 31: Direct connections at the watershed head (Houaylack, 204{)

Direct connections to downstream accumulation shiygethey wet zone rice paddies
or rain-fed terraces. Accumulation zones can be affected by landslides. They can also be
affected by runoff w ater.

Indirect connections viairrigation networkBigure 32) for rice paddies or ponds. Once
again, this connection is linked to swidden practices and consists of taking advantage of
burning on the slope to clean out the irrigation canal before immersion. This connection
has direct consequences for valley floor rice paddies, be it through sediments or pesticide
contamination.

Figure 32: Indir ect connections via an irrigation network (Vangven, 20.9)

Indirect connections via the road netwoitke steady development of farming roads in
some villages has made the nature of hydraulic connections progressively more complex.
All situations are possible:
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T - The road/slope connection, which generally leads to considerable erosion
on the slopes which are the catchment areas for runoff water from the roads. Yield
loss due to sediment flow is also high.

1 - Road/paddy connections, which can raise stakes in terms of water quality
and sediment accumulation in the plots .

1T - Slope/road/slope connections, which probably existin Teuka although they
have not been observed

T - Slope/road/paddy connections, which probably exist in Teuka although
they have not been observed
521. #1 U1 UOPOEUDPOOWOI wUl EPOI OUwWUDPOOUWEOEWEUI F

O B

Sediment sinks are only found on the valley floor . A slope of up to 10% can be
enough to cause accumulation on condition that the spread surface is as large as possible.
The most frequent accumulation shapes are alluvial fans and alluvial overflowing.
Sediment discharge delays are quite variable due to medanisms of fluvial
geomorphology. Sediment depositsin a minor bed can be remobilised at the next flooding
where  overflow deposits or sediment spread in rice paddies can accumulate over
decades or even centuries. Sediment accumulation and destocking are also influenced by
man-made valley floor developments. Accumulation in rice paddies is in part controlled
by irrigation system management. In ponds and lakes sediment reduction by dredging is
totally artificial (Figure 33). These sediment sinks are not confronted with sediment and
pollution transport. They do, however, present considerable local pollution
accumulation stakes .

57



Figure 33: Ponds connected to Vouaylatlangven VillagdLespez, 2018

53" EUUOT UExT a wkLlOEwWOOET O00ODPOI
Three cartographies are presented in this section. For each of the 3 presentations,
methodological choices and tools are detailed. Houaylack-Vangven Village was chosen
for this cartography because its agricultural zone covers 3 watersheds on both banks of
the Nam Pak River (Figure 34). Thanks to this, itis easy to encompass from a geographical
point of view. Also, the public health risks and stakes seem higher than in the other 2
villages.
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Figure 34: Houaylack and Vangven Village watershed study &Bearrces : Sentinel 2, Alos Palsar)

These maps help identify the risks of pesticide flows, stakes (sensitive areas) and
the link between the 2 spaces (sectior2.3) :

1 Erosionrisk uplands map (Figure 39), measuring the extent of pesticide flow
risks.

1 Sensitive areas map(Figure 40), showing a cartography of stakes.

1 Hydro -sediment connections map (Figure 42), highlighting the links
between risks and stakes so as to better define the risk .
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This is an empirical model. These models are easy to set up and help establish
relationships between chosen variables. Since these variables are the result of empirical
landscape observations or interviews, this type of model is of great value.

This cartography stems from maps detailing natural and technological risks which
were produced in France. The nature of the cartography is to match physical data to
obtain a better understanding of risks, and socio-economic data to better grasp stakes in
order to apply to high risk zones regulations concerning population, land -use orientation
and management. The objective is to mix and match data in order to target 2019 swidden
parcels which were touched by erosion (cf. 5.1) and thus by pesticide flows so as to
adapt management methods . This data mixing method is knownas s | B xdr § BR U1 EUz
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importance of these variables in the cartography.

5.3.1.2. , IUT O@&D1

Modelling runoff and erosion vulnerability as a result of swidden practices relies
heavily on mixing and matching data: the slope is the cause of runoff and landslides. It
slopes(Janeau.et al, 2003).The shape of slopes is also part of the model since landscape
analysis demonstrates an absence of landslides and ravines in interfluves and other
concave sloping areas. However, this phenomenaincreases where the 9pe is regular or
convex. Colluvium accumulations are probably remobilised, which would account for the
complexlandscape often found at the bottom of slopes. Scientific literature and landscape
analysis also highlight the importance of rotation periods in erosion. Rotation time
reduction is largely responsible for an increase in erosion risks in Southeast Asia (Tuan,
et al., 2014), and is incorporated in the model. The geographic superposition of chosen
data is presentedinFigure 35:

—> Plots rotation

—> Slope shape (concave / convex)

Figure 35: Superposition matrix

Other data can be integratedin the model, such asqualitative soil data (pedology
or soil preparation), pesticide use data and crop data. These data would greatly help in
empirically evaluating erosion susceptibility. Methodological difficulties linked to data
collection, however, make including themin t his study impossible. The absence of these
data do not, nevertheless, prevent parallels with the final rendering .

The 3 chosen variables are sampled in 3 classifications and attributed to 12.5 meter
cells (DEM Alos-Palsar resolution):
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T - The last 3 years br which rotation period data is available are 2016, 2017
and 2019 (cf2.2.3.9. These plots have been outlined andcoded (Figure 36). A code
from 1 to 3 has been assigned to them.

2016
Rotation Year Code 2017
2019 1
2019 + 2017 2 1 3
2019 + 2017 + 2016 3 1 2
2019

Figure 36: Schematic representation of swiddmstory codes

Land-use data in this model also help measure the evolution of cultivated surfaces.
In the area under study, 6.4% of the total surface is cultivated, representing very weak
land-use pressure in the region. Cultivated surfaces are also on the rise, confirming
previous studies showing an increase in cultivated surfaces, especially corn crops
(Bertiaux, 2015; Lespezet al.,2016).

Table3: Cultivated surface evolution in Houaylatkangven uplands from 2016 to 2019

Year 2016 2017 2019 Total
Area (ha) 862 257 283 4420
Area % 1,95 5,81 6,40 100

1 Slope classifications were chosen using on-the-ground observations and using the
slope map (Figure 37). Since the alluvial fans are at a 10% gradient, values below
10% are in class 1 as they favour accumulation. A further distinction is then made
between slopes which are above and below 25%. he former (class 2) is susceptible
to more or less deep rotational landslides with thick colluvium areas, while the
latter (class 3) is more susceptible to flowing or translational landslides .

1The lack of data for 2018 leads one to consider that these are 4 consecutive crop years on all or part of the
plots even if this is difficult to state with certainty.

22016 Landsatimages date from April 28. This very weak value is unexplained, although several hypotheses
have been put forward to explain it: i/ most burning took place outside the study area, ii/ it was a year with
late burning, iii/f economic reasons.
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Slope classification :

Slope gradient Code
<10 % 1
>10%-<25% 2
>25% 3
Legend :
E:J Study area slope (percent rise)

— Main roads High : 100 %
Main rivers
- Secondary rivers

- Villages
Uplands plots . Low:0%

Sources : Alos-Palsar, Sentinel 2,
Luc Sandevoir, CCL, 2019,

Figure 37: Slope map and vulneralty classification

This classification indicates that 61% of all cultivated surfaces have a gradient of
more than 25%. Also, if only 6.4% of the total surface is under cultivation ( Table 3), these
uplands are also high gradient and thus very erosion susceptible (Table 4). It should also
be noted that approximately 7% of cultivated upland surfaces are on a gradient of less

than 10%. These areas are mostly alluvial valley floor plots for which connections are the
most difficult to establish .

Table4: Cultivated surfaces by gradient

Slope gradient <10 % 10a25%| >25% Total
Area (ha) 19,76 90,5 172,74 283
Area (%) 6,98 31,98 61,04 100

1 The index is relative for slope shapes, since slopes having a positive value are
concave while those having a negative value are convex. Regular slopes are close
to zero. Field observations indicate that interfluve plots and tops of slopes, thus
convex (class 1), are less affected by landslides and erosive runoff while plots at
the foot of sheds and concave (class 3) are more eroded. Regular slopes (class 2) are
included in the model, which is an error since these regular slopes can react in
different ways in function of their position in the shed and the degree of their

gradient. Further study on the use of slope shapes as a cartographic risk variable
is needed
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These 3 classes are then combinedHigure 38, a.,) before being resampled by the
s Bx1 UU wHxgurdBE B.f to gbtaignan erosion risk map (Figure 39). The variables
are simply combined in order to create a new code. For example, a pixel with a class 1
slope and aclass Totation system is combined in a new code whichis 111 Following this,
the classification in 4 classes of vulnerability, from weak to very strong, consists of
classifying the newly created codes. If we go back to the principle of a contingency table,
but with 3 variables, each of these coded pixels receive a value from 1 to 4 in function of
their vulnerability .

a) combination of variables :

| RAR
112
13
121
122
123
130 etc.
h!. a
b) "expert" method of classification : 4
M Low '
Moderate <
H h "' ~ ] -
igh - ¥ AR
Il Very high . -
- ’h-..
- L]
-

Figure 38: Combination and resampling ofvariables approach
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Kilometers

Legend : Equidistance 20 m
Potential erosion vulnerability Other features Sources :
| Alos Palsar DEM

- Low I L Sentinel 2
" Moderate == Main rivers Landsat 8

) Esri World Imagery Map
- High Secondary rivers Atithior
B ey high Main roads Luc Sandevoir, CCL, 2019

- Villages
D Paddy rice

Figure 39: Map of uplands erosion rigklouaylackVangven, 2019)
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5.3.1.3. 1iuUUOU0U
Cartographic results are compatible with field observations. One can be tempted
to extend these results to plots which have not received the same amount of attention.
Indeed, 2 plots south of Vangven which were studied intensely and which greatly
influenced uplands landscape classification are opposites. To the south, a plot of corn at
the foot of a very eroded slope and to the north a rice plot at the top of a hill which has

been spared the effects of erosion. It must be stated thaplot size does not seem to be a
risk factor . Certain smaller plots are at much greater risk than others on higher ground .

This observation allows us to extend this generalisation to other plots in the study
area and to even extend it to other project villages. Such a projection would require further
field work investigation, including landslide event verification. However, the inherent
particularity of swidde n agriculture lies in these seasonal changes requiring new land-
use data collection each year

These small empirical models are adapted to their target contexts and cannot
therefore be extended further. If the obtained results are satisfactory, it is a far cry to
attempt juxtaposing these to further study areas. These models also tend to demonstrate
what the researcher is seeking. The small number of variables and the empiric division
into classes as well as the low quality of elevation data thus highlight the limits of this
cartographic representation.

532." EUUOT UExT awoOi wUl OUPUDYI WEUI EUw

Sensitive area cartography is biased. It consists of spatialising different identified
public health stakes. These stakes are concentrated along roads and paths, in villages
and rice paddies, along waterways and more generally in alluvial valley beds . The

cartography of these areas is thus a simple superposition of mostly digitalised vectorial
layers. The analysis of a single village is not necessaly restrictive. Indeed, Teuka and

, EDOEUEOW5S5DPOOET T Uwi EYI wUPOPOEUWUI OUDPUDYI wEUI

than those of Mainatao.
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Legend :
Potential erosion vulnerability

._::3 Study area

Uplands plots

»
-, AR
,O' ‘u-"ﬁ._o‘ N
s ‘¢--’
™" 0 0,5 1 2 3
N T TN
Kilometers
Sensitive areas Sources :
. Alos Palsar DEM
Main roads Sentinel 2
Main rivers Landsat 8
Esri World Imagery Map
Secondary rivers Author s
- Villages Luc Sandevoir, CCL, 2019

I:I Paddy rice
|:| Plaine alluviale
- Fish pond

Figure 40: Sensitive area majouaylackVangven, 2019)
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533 " EU0OT UE x| a ufd i aiEdaD & w
5331 , 107 OBOOOT

The objective of this section is to measure connectivity levels on different swidden
plots in the Houaylack -Vangven watershed. The purpose of this map is to quantify the
uplands surface area the sediment production of which can end up flowing towards the
previously described sensitive areas.

This method stems from work carried out by Romain Reulier (2015) on hydro -
Ul EDOI OUWEOOOT EUPOOUOWPOwhT PET wi EET wxOOUz UwxU
be a waterway ora sensitiveEUl EwpUDE]l wx EEEAOQWEOOUYPEOwWUI UUEE
discretisation is done by resolution 12.5m pixels. Resolution quality is wanting especially
In connection areas or at the foot of a slope. The waterways used in this cartography are
theoretical since they could not be digitalised manually. To make up for this lack of
precision, three connection maps will be tested:

1 The first, connections to waterways and rice paddies (Figure 41, A), is the only one
published in this report (Figure 42).

1 The second includes buffer zone connections to make up for possible waterways
positioning errors and to intersect a larger number of plots (Figure 41, B).

1 The third int egrates mapped-out valley floor connections in the previous section
(Figure 41, C).

\ \ \ 7
\ \LAL 1\

-
HH_'_"“‘"---..\ \\ ‘~--.___________1“‘\‘~ -1-_____________‘“\
""--.‘_‘\ L
A = rivers and B = river buffer land (10m C =lowlands
paddy rice plots upstream, 15m downstream) (uplands limits in black)

Figure41: Selection schema (in pink) of pixels thoughbe connected or the 3 tested iterations. Each intersection between
selection (in pink) and swidden plots constitutes a connection
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Legend :

Connection
Contributory drainage area

<1ha
<2ha
<3ha
<5ha

<10ha

>10 ha

Uplands plots
Connection share

I:l Disconnected
[ ]<10%
<25%
I <s0%
- <45%
B <00«
I o0 to 100 %

Other features

E::} Study area

e Main rivers

Secondary rivers

Main roads

- Villages
E Paddy rice

Kilometers

Sources :

Alos Palsar DEM
Sentinel 2

Esri World Imagery Map

Author :
Luc Sandevoir, CCL, 2019

Figure 42: Hydro-sediment waterways connections n{fdouaylackVangven, 2019)
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These three iterations help evaluate the various errors implicit in this cartographic
approach (Figure 43) while initiating connectivity quantifications. An estimate of
connected waterway linear spaces and surfaces is now possible . These connected plots
are not all necessarily so. For each connection, theoretical flowways taken from digital
1 Ol YEUPOOWOOE]I OUWEUI wlUOUT EwUOWOEx wOUUWIPsEET w x C
measure connection sizes and potential plot connectivity .

5.3.32. lituouu

This cartography supplies us, for the first time, with numbers measuring the Lao
uplands connectivity to their hydrographic downstream . It also allows us to estimate
that for the Houaylack and Vangven watersheds between 66% and 71% of the plots are
connected to the hydrographic network. These parcels, however, are not entirely
connected, sincebetween 44% and 51% of swidden surfaces are connected to either a
waterway or a sensitive zone . The connections map(Figure 42) highlights that the larger
connections are on small rivers at the top of the slope , which aligns with landscape
analysis estimates

Table5: Uplands surfaces connect by 3 iterations

Iterations A B C Total plot s
Area (ha) 125 131 144 283

% 44 46 51 100
Plots nb 69 66° 71 100

This cartographic tool also allows us to make an estimate of the linear waterway to
protect. In Houaylack -Vangven, approximately 11 km of waterway make up direct
pesticide entry points into the hydrographic network . These results demonstrate that
caseby-case protection can only be done by the villagers themselves as the orsite
workload would be too much for district or CCL personnel.

3 |teration B does not include valley bottom rice paddies which seem to play an important role in watershed
hydraulic connections in the study area.
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Figure 43: Map comparing the 3 iterations

70



5333. "EUUOT UExT PEWODPODPUEUDOOU W

With this map, one can see the margin of error implied by the previous
cartography. Without measuring them, the various represented iterations are the cause of
connection evolutions in the plots at the bottom of the slope located in the alluvial valleys.
The connectivity of plots near alluvial plains is still difficult to evaluate. Connections are
often more complex with (i) the presence of an irrigation network, (ii) diversified land -
uses, and (iii) greater diffusion with slope ruptures playing a role in the size of the
connection although this remains difficult to see with the DEM used. As valleys grow and
slopes get smaller, connections are inceasingly difficult to evaluate since the slope is no
longer the most important connectivity factor

For other plots (plots at the head of watersheds or disconnected plots), changes are
slight and numbers are only minimally higher. This tool permits efficiently mapping and
measuring watershed head connections when the slope gradient is large and waterways
go through the plots . It gives significantly less satisfying results for plots located in
alluvial plains for which other tools and investigationsa re needed.

Figure 44: Riparian forest in Vangven VillagéLespez, 2018)

Several possible improvements can be explored. The first would be to examine the
role of runoff depth in suspended solids and pesticide transport, notably i n its ability to
go through certain buffer zones (Figure 44). Further study into sediment traps would be
needed to understand this. Modelling use for dynamic connectivi ty cartography is also

71













































