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Abstract: The use of pesticides in the Lao People’s Democratic Republic (Lao PDR) has steadily increased, 
driven by the expansion of commercial farming. This trend has raised significant concerns about potential impacts 
on the environment and human health, particularly in a context where pesticide usage is poorly documented. To 
address the knowledge gap, a survey was conducted in two districts of Oudomxay Province to assess the 
quantities of pesticides applied by farmers in northern Laos, using a Treatment Frequency Index (TFI)-based 
methodology. The assessment involved 74 farmers and 265 pesticide applications. The survey revealed that 75% 
of respondents exhibited a pesticide pressure intensity above 1, indicating an extensive overuse of pesticides. 
Overdosing is significant for upland crops, especially the use of herbicides for corn and upland rice cultivation. For 
off-season crops grown in the framework of contract farming agreements, the primary issue is not overdosing per 
se but rather the misuse of pesticides, marked by extensive mixing practices. Many fungicides with identical 
formulations or targeting the same pests are used in combination. Overall, the study’s findings highlight the 
heterogeneity of pesticide use across space, time, and production arrangements. These findings provide valuable 
insights into current spraying practices and underscore the need for further research and data-driven monitoring 
of pesticide usage. 

Keywords: Agriculture; Pesticide usage; Commercial Farming; Laos; Pesticide pressure; Treatment Frequency 
Index 

1.​Introduction  
In recent decades, the Lao People’s Democratic Republic (Lao PDR) has witnessed a significant shift 
from traditional subsistence towards market-oriented commercial agriculture, i.e. cash crop cultivation 
– a trend widely observed in northern Laos (Thongmanivong and Fujita 2006; Kallio et al. 2019). 
Driven by the expansion of agricultural land concessions, contract-farming arrangements, and other 
investment mechanisms, the shift towards a cash-crop oriented system has implied greater access to 
and use of chemical pesticides, an indication of broader agricultural intensification efforts 
(Thongmanivong et al. 2009: 342). According to Lao government data, pesticide imports surged by 
10,364 percent by volume from 2001 to 2021 as commercial agriculture expanded – a figure that only 
includes what entered the country legally (FAOSTAT 2024)1. In Oudomxay Province, where the study 
is conducted, the increased use of pesticides coincided with an upland corn rush in the early 2000s 
(Wong et al. 2014). Between 2002 and 2010, the cultivated corn area in Oudomxay expanded sixfold, 
from 4,000 hectares to 25,400 hectares (LSUAFRP 2006; MAF 2012; UNCTAD 2020). This rapid 
expansion, resulted in many upland villages and ethnic minorities – communities who have, until 
recent decades, been outside the scope of mainstream development – to increasingly rely on 
pesticides2, particularly herbicides (Ducourtieux 2006; Lazarus et al. 2006: 43; Wong et al. 2014: 
1065). Besides corn, rubber and sugarcane cultivation have expanded on the slopes and hills (Ibid.; 
Vongkhamor et al. 2007). Contract-farming arrangements between field-crop investors and local 
farmers further reached lowland rice fields, where bananas and dry-season crops, including pumpkin 
and watermelon, are cultivated, in most cases using investment by Chinese companies (Higashi 2015; 

2 According to the Second Lao National Agricultural Census, 17% of landholders used pesticides in 2010/11, an 
increase from 11% in 1998/99 (MAF 2012: 8). In the Third Lao Census of Agriculture conducted in 2019/20, 
pesticide use was either not assessed or the results were not disclosed (MPI 2020). 

1 Shattuck et al. (2023) recently highlighted the limits of FAOSTAT related to pesticide use across most countries 
and argued that pesticide usage in low and lower-middle income countries, including Lao PDR, have been 
substantially underestimated.  
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Suruga et al. 2015; Friis and Nielsen 2016; Lu 2021). The greater availability of pesticides further led 
farm households to include more pesticides in their horticultural and rice crops outside contract 
farming arrangements.   

The increased reliance on pesticides among farm households in Laos is evident, yet the quantity of 
pesticide use remains uncertain. The very few existing assessments of pesticide usage in Laos 
indicate widespread mis- and over-use of pesticides, but generally fail to quantity actual application 
rates (see e.g., van der Borght 2003; Kethongsa 2005; MAF 2017: 40; Louanglath and van der Wulp 
cited in World Bank 2021). The rare attempts at quantifying pesticide use furthermore led to partial and 
potentially contradictory conclusions. Shattuck (2021) cites, for instance, an NGO survey reporting that 
Lao vegetable farmers use more pesticides per hectare than other growers in the region, with 
exposure ranging from 93 to 128 days per year. In a comparative study between Laos, Thailand, and 
Vietnam vegetable farmers, Schreinemachers et al. (2020) found that vegetable farmers in Laos had 
the lowest level of pesticide overuse, with 59% of 300 sampled farm households spending more on 
pesticides than necessary. Pesticide imports data (nearly all pesticides used in Laos are imported3) 
suggest that the average pesticide application rate per unit area of arable land in Laos is significantly 
lower than in neighboring countries (Schreinemachers et al. 2015). Official estimates put the 
application rate at 0.1 kg/ha, calculated from the total imported pesticides relative to the total 
commercial production land. In comparison, Cambodia uses 2.9 kg/ha, Thailand 8.4 kg/ha, and 
Vietnam 16.2 kg/ha (Ibid.). However, many pesticide imports in Laos are unregistered, implying that 
actual usage rates are likely higher (Vázquez 2013; Schreinemachers et al. 2015). An October 2015 
survey of farmers and pesticide shopkeepers in Xieng Khouang province estimated that farmers had 
applied 99,500 kg of herbicides over 20,800 ha of cropland (4.8 kg/ha) in the previous 12 months, 
nearly 50 times the official national average of 0.1 kg/ha (Bartlett 2016). Herbicide application rates 
among upland farm households were reportedly two to three times higher than recommended 
(Rassapong 2016). Data from sampled farmers further showed geographical disparities regarding 
pesticide overuse. In Nong Het district of Xieng Khouang province, the average household growing 
corn was for instance found to be buying 81 liters of herbicide per season, using four to five times the 
recommended rates4.  

Collecting and generating quantitative data to fill the current knowledge gap on pesticide usage in 
Laos is crucial. The lack of empirical evidence regarding pesticide reliance hinders the development 
and implementation of effective pesticide regulations and policies, posing risks to both public health 
and environmental safety (NAFRI 2016; Rassapong et al. 2018; Wentworth et al. 2021). This study 
therefore aimed to improve understanding of pesticide use by providing quantitative estimates of 
actual application rates. Conducted in the framework of a rural development project implemented by 
French NGO Comité de Coopération avec le Laos (CCL) in Oudomxay Province, the study benefitted 
from collaboration by the Oudomxay Provincial Ministry of Agriculture and Forestry (PAFO). The main 
objective of this exploratory assessment is to get an initial appreciation of pesticide pressure in key 
agricultural crops. This study examines the feasibility of a pesticide use quantification methodology in 
Lao PDR by focusing on a wide range of crops but a small sample size of observations. The paper 
starts by detailing the approach used to quantify pesticide usage through the computation of the 
Treatment Frequency Index (TFI). In the results section, pesticide use is quantified in terms of TFI for 
each crop studied. The discussion contextualizes these findings, highlighting the limitations and 
potential of the methodology for Lao PDR. The paper concludes with policy recommendations. 

4 High spraying volumes might reflect variations in landholding sizes, the median corn planted areas in Nong Het 
district being 5 hectares (UNCTAD 2020: 17-18). This would give a median application rate of herbicides of 
16,2L/ha.  

3 In the late 1980s and early 1990s, pesticides were often imported as part of development assistance programs 
(Schiller et al. 1999). The use of pesticides, particularly insecticides and rodenticides, was mostly limited to 
irrigated rice-growing areas in provinces along the Mekong River and vegetable farming regions near major 
population centers. Starting from the early 2000s, the long and accessible borders with Thailand, Vietnam, and 
China facilitated the influx of various pesticides, including those not approved by the government (see e.g., Elsing 
2018). 
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2.​Materials and methods 
The assessment involved a survey of 74 pesticide-using farms from villages distributed in the districts 
of La and Namor in Oudomxay Province. Pesticide-using farms are defined as those that applied 
pesticides to one or more crops during the agricultural year 2022-2023. The study uses a combination 
of purposive sampling (selecting villages based on crop types) and conditional random sampling 
(selecting only pesticide-using farm households randomly within those villages). The first step involved 
identifying commercially important crops that were relevant to pesticide use such as corn, tobacco, or 
yard-long bean. Once the key crops were identified, the study selected 16 villages that integrated each 
of these crops. This implies a purposive sampling technique to ensure that selected villages were 
representative of the crops of interest. The selection of different villages for each crop helped to cover 
potentially different technical itineraries that might influence pesticide use. Within each village, farm 
households were then selected through a random sampling process, on the condition that they used 
pesticides. This condition ensured that the study focuses on the target population most relevant to the 
assessment purpose, i.e. pesticide users. The allocation of the sample farms and crops is presented in 
Table 1. 

 Table 1 - Descriptive pesticide-using farm households 

 Unit Total La 
District 

Namor 
District 

Total number of farm households 
(HH) 

Numbe
r 

74 27 47 

Area cultivated - hectares Mean 3,77 3,44 3,97 
Area cultivated - hectares Median 3,66 3,40 3,84 
Crops grown in 2022-2023     
Upland rice % of 

HH 
43,2 33,3 48,9 

Lowland rice % of 
HH 

75,7 81,5 74,5 

Corn % of 
HH 

85,1 63 97,9 

Tobacco % of 
HH 

9,4 25,9 0 

Yard-long bean % of 
HH 

13,5 25,9 6,4 

Long pumpkin % of 
HH 

2,7 0 4,2 

Round pumpkin % of 
HH 

16,2 11,1 17 

Sugarcane % of 
HH 

5,4 14,8 0 

Job's tear % of 
HH 

6,7 14,8 2,1 

Watermelon % of 
HH 

1,3 0 2,1 

Galanga % of 
HH 

14,9 37 2,1 

Cardamon % of 
HH 

62,2 40,7 74,5 

Broom grass % of 
HH 

6,7 18,5 0 

Tea % of 
HH 

4 11,1 0 

Rubber % of 
HH 

27 25,9 27,7 

Pesticide sprayed area - hectares Mean 1,99 1,76 2,13 
Pesticide sprayed area - hectares Median 1,6 1,6 1,6 

Notes: Sprayed areas are expressed in absolute terms of hectares. For 
example, if on the same lowland plot, paddy plants are treated during the 
rainy season and then for an off-season crop, the surface area treated 
corresponds to twice the area of the plot. Sowing densities used to calculate 
mean and median cultivated areas for corn, upland rice, and lowland paddy 
rice, are 20, 50, and 100 kg/HA respectively. 
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As part of the field survey, the study visited a total of 8 pesticide retail shops located in the towns of 
Oudomxay, La and Namor. A total of 6 contract farming companies operating in the villages of study 
were also surveyed. This served to record a total of 208 pesticide products available in Oudomxay 
Province5 (see Annex 2). Data collection at village level took place from April 2023 to March 2024. A 
semi-structured questionnaire was used to collect comprehensive data on pesticide use among farm 
households. The questionnaire delves into detailed information regarding the amount of land 
cultivated, the crops grown, and specific details regarding pesticide use in the previous 12 months, 
including the sprayed areas, targets, application rates and frequency for each type of pesticide product 
and crop. To identify actual pesticides used, respondents were presented with visual stimuli consisting 
of photographs of each pesticide product recorded. In addition to examining pesticide-related aspects, 
the study sought to gain insights into farm productivity. To achieve this, households were asked about 
average marketable yield, farmgate price and profit for each crop of interest. 

The Treatment Frequency Index (TFI) 

For each of the 10 main crops included in the cropping systems considered, pesticide use was 
assessed using the Treatment Frequency Index (TFI). TFI quantifies the number of pesticide 
applications per hectare for a specific crop, considering the standard dosage rate of active ingredients 
and the total volume of pesticides used during a growing season: 

 𝑇𝐹𝐼 =  
𝑗=1

𝑛

∑
𝐷

𝑗

𝐴𝐷
𝑗

×
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𝑆
𝑗

Where D, AD and St are, respectively the applied dose, the reference dose, and the treated surface 
area of the field for the spraying operation J, and S is the total field surface (Gravesen 2003; Brunet et 
al. 2008). The applied doses of pesticide products and the treated surfaced area6 were reported by 
farm households for each crop and field. If only part of the plot is treated, the proportion of the plot 
treated —which is the ratio of the treated surface area to the total surface area of the plot—is 
considered when calculating the TFI. An expected finding of the assessment relates to the lack of 
oversight concerning pesticide usage among farmers operating under contract farming (CF) 
arrangements. Most CF companies determine the itinerary for pesticide application, with the result that 
contracted households may be unaware of pesticides and dosages used. When farmers could not 
identify ‘pesticide itineraries’ for a given crop, the information was obtained directly from the 
contracting company7.  

7 Six contract farming companies (CF) were interviewed, with four of them reporting preparing and distributing 
pre-dosed pesticide solutions to contracted farmers. It should be noted that technical itineraries determined by CF 
companies reflect average theoretical doses. Actual application rates in each season may vary from one 
contracted farmer to the next, depending on factors such as pest prevalence and soil-borne disease. All 
interviews with CF companies were arranged by and conducted in the presence of a representative from the 
provincial or district-level Ministry of Agriculture and Forestry (P/DAFO). In some cases, this representative was a 

6 Estimation of cultivated and treated areas for corn, upland rice, and lowland rice includes three different seeding 
rates: 15, 20, and 25 kg/ha; 40, 50, and 60 kg/ha; and 80, 100, and 120 kg/ha respectively. For sugarcane and 
dry-season cash crops cultivated in lowland fields, such as tobacco, pumpkin or yard-long bean, surface areas 
were reported in mu (1 ha = 15 mu), or rai (1 ha = 6,25 rai) based on measurements from contract farming 
companies. 

5 The Department of Agriculture (DoA) under the Ministry of Agriculture and Forestry (MAF) is responsible for the 
formulation and enforcement of pesticide legislation, including registration of pesticide products. In 2010, the MAF 
passed a regulation on pesticide control (Decree No. 0538/MAF; MAF 2010), as an instrument to regulate 
importation, distribution and use of pesticides. This resulted in the production of a list of 55 banned pesticides and 
the implementation of a national inspection scheme (Kemi 2019: 23). Several rounds of nation-wide inspections – 
alongside independent reports (e.g., Vazquez 2013) –demonstrated that the pesticide legislation was not 
sufficiently enforced, notably to regulate importation and distribution of unregistered, including banned, pesticide 
products by pesticide retailers. This eventually led the Lao Government to upgrade the National Pesticide 
Regulation (under the MAF) into a Prime Minister Decree – calling for inter-ministerial cooperation (GoL 2017). 
Despite the intended improvements, this study demonstrates the continuous challenges faced by government 
officials to implement and enforce pesticide regulations. 10 per cent of the 78 herbicide products surveyed were 
found to contain Paraquat, a substance banned in Laos since 2011. A significant number of products were also 
found to be unregistered pesticides, illegally smuggled into the country. 
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Reference recommendation doses (effective application rates) were determined with label information 
and technical data sheets of the pesticide product (N=81; see Box. 1 and Annex 1). When different 
reference doses are available for a given pesticide product (based on the type of crop and target pest), 
the highest dose is selected as the reference dose for TFI calculation. In cases where reference doses 
are not specified on the labels, proxy values are employed, using substitute commercial products with 
identical active ingredient composition and concentration. Seed coating with chemical pesticides and 
applications of rodenticide baits were not included in the TFI. Biological control agents were also 
excluded from TFI computation. The final number of eligible applications was 265 (see Table 2). 

Table 2 - Allocation of sampled pesticide applications by crop of interest and target 

Type of crop 

Numb
er of 
applic
at-ions 

Non-eligible applications Eligible applications 

Seed 
coating 

Roden-ti
cide 
baits 

Incomplete 
information* Total Herbicides Fungicides Insecti

-cides 
Mollusci-

cides 

Sugarcane 4 4 0 0 0 0 0 0 0 
Job's tear 8 2 1 0 5 5 0 0 0 
Round 
pumpkin 58 0 0 11 47 0 33 14 0 

Corn 140 52 16 2 70 70 0 0 0 
Watermelon 2 0 0 0 2 0 1 1 0 
Long pumpkin 14 0 0 2 12 0 8 4 0 
Upland rice 12 0 1 0 11 11 0 0 0 
Lowland rice 26 0 0 0 26 24 0 0 2 
Yard-long 
bean 79 0 0 9 70 0 59 11 0 

Tobacco 35 0 0 13 22 0 12 10 0 
Total 378 58 18 37 265 110 113 40 2 

Notes: * Recommendation doses could not be determined using either label or proxy and/or issues with dose conversion 
hindered the TFI calculation. For several products, the label recommended doses are specified for crops different from those 
for which the product is used. Although the study did not quantify this phenomenon, it is notable that this particularly applies to 
fungicides, and to a lesser extent, insecticides, supplied by contract farming companies for the cultivation of yard-long beans 
and pumpkins. 

One advantage of TFI calculation, as outlined by Pingault and her co-authors (2009), is that it can be 
applied at different levels. TFI can be computed either globally or by specific pesticide type, allowing 
for targeted measurement of different treatments such as insecticides, fungicides, and herbicides (see 
e.g., Lesueur Jannoyer et al. 2015). Moreover, TFI can be assessed at multiple scales—plot, farm, 
regional, or national—across all crops or within individual crop types by calculating the average TFI for 
relevant plots, adjusted by their surface area (Ibid.; see also Jannoyer et al. 2015). For the purpose of 
this study, TFI calculation was computed at several levels, including at farm (e.g., TFI farm), crop type 
(e.g., TFI tobacco, TFI upland rice), and pesticide type (e.g., TFI herbicide, TFI fungicide) levels. 

 

member of the provincial Pesticide Task Force. This involvement undoubtedly enhanced the reliability of the 
collected data, preventing underreporting behaviors as encountered in similar assessments (e.g., Hett et al. 2020: 
93). 
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Box. 1 - The local pesticide market and access to label information in Oudomxay 

A survey conducted in 2023 of pesticide suppliers (retail shops and Contract Farming (CF) companies) in 
Oudomxay provincial capital and other main distribution hubs in Namor and La identified a total of 208 pesticide 
products. The primary categories were herbicides (38%), insecticides (32%), fungicides (23%), rodenticides (4%), 
and molluscicides (3%)8 (see Table 3). Herbicides, primarily used for upland corn and rice cultivation, are supplied 
almost exclusively by retail shops. Herbicides distributed by CF companies are growth regulators used for 
tobacco cultivation. Rodenticides and molluscicides are distributed exclusively by retail shops. Contract farming 
companies are the main supply channel for fungicides (accounting for over 80% of products) and account for a 
significant share of insecticide supply (30%), mainly for dry-season crop cultivation such as beans, pumpkins, and 
watermelons. 

Table 3 - Key label characteristics of pesticide products available in Oudomxay Province (N=208) 

Notes: Some products may have dual marketing channels, as observed with two fungicide products accessible through both 
retail shops and contract farming companies. † If the product label specifies both an application rate and a dilution ratio, only the 
application rate information is accounted for in table 3 and 4. Uncertainty remains regarding one herbicide product, which 
internal packaging (potentially including recommendations), was not accessible for the study.  

A field survey conducted by FAO/MAF in 2014 indicated that 95 percent of products on the market in Lao PDR 
were labeled in a language other than Lao (Louanglath and van der Wulp 2014, cited in World Bank 2021; see 
also FAO 2020). This study found that nearly 78 percent of products available in Oudomxay in 2023 were labeled 
in a different language than Lao. Sample data provides more detailed information regarding access to label 
information (see Table 4). Of the 81 pesticide products distributed during the 2022-2023 agricultural season, 49 
were labeled in Chinese (60%), 14 in Thai (17%), 11 in Lao (14%), and 7 in Vietnamese (9%). This is explained 
by the prevalence of sampled products distributed through Chinese Contract Farming (CF) companies (N=50). 
Among herbicide applications, which were exclusively conducted outside CF production schemes, only 38 out of 
112 applications (34%) involved products (N=5) labeled in Lao, and which provided application rate instructions. 
These figures are not unexpected, given that Lao PDR does not have any pesticide manufacturers, resulting in 
nearly all pesticides being imported from neighboring countries (Kethongsa 2005). While nearly three-quarters of 
the labels analyzed provide application rate instructions, these are rarely directly accessible to farmers due to the 
language barrier. Farm households are often dependent on CF companies, intermediaries, or retailers for 
instructions, which can lead to misinformation or exploitation. Misinterpretation of application instructions can also 
result in the misuse or overuse of pesticides. 

Table 4 - Key label characteristics of pesticide products distributed and used in sampled farms (N=81) 

Target Distribution 
channel 

Number of 
products 
distributed 

Label language Label recommendation 
Lao Chinese Thai Vietnames

e 
Application 

rate 
Dilution 

ratio 
None 

Insecticide Market 4 0 1 3 0 2 2 0 
CF Company 14 0 11 0 3 14 0 0 

Herbicide Market 22 10 1 9 2 14 6 2 
CF Company 2 0 1 0 1 2 0 0 

Fungicide Market 1 0 1 0 0 1 0 0 
CF Company 34 0 33 0 1 30 4 0 

Molluscicide Market 2 1 0 1 0 2 0 0 
CF Company - - - - - - - - 

Rodenticide Market 2 0 1 1 0 2 0 0 
CF Company - - - - - - - - 

Total 81 11 49 14 7 67 12 2 

8 The Lao Department of Agriculture (DoA) has officially registered 287 pesticides, including 96 insecticides, 113 
fungicides, 66 herbicides, 2 molluscicides, 1 rodenticide, and 9 other types of pesticides (MAF 2021). As of 2024, 
55 chemical compounds are also banned.  

7 
 

Target Number 
Distribution channel Label language Label recommendation 

Market CF 
Company Lao Chines

e Thai Vietnames
e 

Application 
rate 

Dilution 
ratio None† 

Insecticide 67 47 20 4 31 23 8 48 18 1 
Herbicide 78 76 2 37 15 22 4 55 14 9 
Fungicide 47 7 40 4 41 1 1 41 6 0 
Molluscicide 7 7 0 1 4 2 0 7 0 0 
Rodenticide 9 9 0 0 7 2 0 6 0 3 
Total 208 146 62 46 98 50 13 157 38 13 



 

3.​Results 
This section presents data on pesticide application rates for each sampled farm household across key 
agricultural crops. Results are based on the computation of Treatment Frequency Index (TFI), which 
quantifies the number of pesticide applications per crop cycle. The findings offer a detailed overview of 
pesticide usage patterns and highlight variations in application rates among different crops. 

3.1.​ Corn 

All sixty sampled farms growing corn during the year 2022-2023 used pesticide products (see Figure 1 
below). This is illustrative of the massive transition from a manual slash-and-burn fallow and upland 
rice system to a cropping system based on hybrid corn with reduced fallow and herbicide use in 
northern Laos. All recorded pesticide applications were carried out outside of contract farming 
arrangements. More than 8 out of 10 households used an insecticide solution for seed coating. The 
most used product among sampled farmers is a cypermethrin solution (INS012) (45 instances). 
Village-specific practices were observed, with localized use of a thiamethoxam solution in one village 
(INS053) (1 instance) and a carbaryl solution in another (INS009) (4 instances)9. The average 
treatment observed for the cypermethrin solution is 93ML per 20KG of seeds (or per hectare), which is 
significantly lower than application rates reported by Rassapong (2016) for Xieng Khouang province in 
2015, i.e., 500ML/ha, as well as the recommended application rates for this type of solution 
(200-300ML/ha). 

 

Figure 1 - Corn cropping system and associated pesticide usage 

The use of herbicides is generalized, with 97% of sampled farm households using at least one 
herbicide product during the 2022-2023 season. In the lower seed density scenario, nearly 77% of 
herbicide applications show a Treatment Frequency Index (TFI) above 1. This figure rises to 89% in 
the higher seed density scenario, indicating widespread overuse of herbicide products in corn cropping 
systems. Depending on the seeding density, farmers overused herbicides by an average of 1.6 to 2.57 
times the recommended dosage, with a maximum value of 8.5 times the recommended dosage10 (see 
Table 5). 

Table 5 - Herbicide application intensity in corn (N=70) 

 
Unit 

Seedling rates 
 15KG/h

a 
20KG/h
a 

25KG/h
a 

10 Similar figures are reported by Lairez (2020: 89) based on field survey in Xieng Khouang province of northern 
Laos.  

9 As observed in other contexts across Southeast Asia, subjective norms, including peer pressure, are an 
important factor influencing pesticide application decisions in Laos (e.g., Escalada et al. 2002). People tend to 
imitate the behaviors and spraying practices of others, especially those they consider influential figures.  
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TFI application 
<=1 Number 16 10 8 

TFI application >1 Number 54 60 62 
TFI application Min 0,32 0,36* 0,36* 
TFI application Max 5,10 6,80 8,50 
TFI application Mean 1,56 2,07 2,57 
TFI application 1st quartile 1,07 1,42 1,78 
TFI application Median 1,43 1,91 2,34 
TFI application 3rd quartile 2,00 2,67 3,33 

Note: for 3 observations, seeding rate could not be obtained and sprayed area was 
reported in hectare directly.  

Two main herbicide compositions are found in the sample, with 4 applications made using 
non-selective herbicides containing paraquat and 66 applications using products combining atrazine 
and mesotrione. Paraquat-type products, also known as gramoxone, are used as pre-seeding 
herbicides to eliminate need for weeding before planting and reduce weed biomass during the rice 
period. Their use can be associated with the application of a post-emergence herbicide 30 to 45 days 
after sowing. Most sampled households used herbicides for post-emergence applications only with 
one or two applications made post-seeding using atrazine-type products. There are no significant 
differences in pesticide pressure between the two types of herbicides, with an average Treatment 
Frequency Index (TFI) of 1.20 for paraquat-type products and 2.08 for atrazine-type products 
(assuming a seed density of 20KG/ha). 

Table 6 - Pesticide application intensity in corn (N=60) 

 
Unit 

Seedling rates 
15KG/ha 20KG/ha 25KG/ha 

Total spray area (ha) Mean 2,88 2,22 1,84 
Total spray area (ha) Median 2,60 2,00 1,60 
Total herbicide applied (KG or 
L/ha) 

Min 0,96 1,00 1,00 

Total herbicide applied (KG or 
L/ha) 

Max 11,71 15,60 19,50 

Total herbicide applied (KG or 
L/ha) 

Mean 3,73 4,87 6,04 

Total herbicide applied (KG or 
L/ha) 

Median 3,60 4,80 6,00 

TFI crop <=1 Number 14 9 7 
TFI crop >1 Number 46 51 53 
TFI crop Min 0,35 0,36 0,36 
TFI crop Max 3,70 4,93 6,16 
TFI crop Q1 1,06 1,42 1,77 
TFI crop Mean 1,56 2,06 2,57 
TFI crop Q3 2,00 2,67 3,33 
TFI crop Median 1,45 1,94 2,39 

 

Figure 2 - Treatment Frequency Index (TFI) for corn 
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Average volumes of herbicide applied ranges from 3.73 to 6.04L or KG/ha depending on the different 
seed density assumptions (see Table 6). These figures align with field observations conducted by the 
study, based on five non-participant observations of herbicide spraying in corn fields in 2023.11 
Sprayed volumes are somewhat lower than the dosages reported by the Laos Upland Rural Advisory 
Service (LURAS) study in Xieng Khouang province in 2015, which were 6.2-6.4 KG/ha for atrazine 
products and 5.8-6.5L/ha for paraquat products (Bartlet 2016; Rassapong 2016). In all three seeding 
scenarios, households growing corn overused pesticide products (specifically herbicides) by an 
average of 1.56 to 2.57 times. 

Additionally, 13 out of 60 farms (22%) used rodenticides as a method of rodent control—a figure 
similar to those reported by Brown and Khamphoukeo (2010). The two main rodenticides identified by 
the study are an anticoagulant made of zinc phosphide (ROD001) and a bromadiolone composition 
(ROD002). Rodenticides are applied in the field only when rodent numbers are high and crop damage 
is observed, that is generally around harvest time. Average yield observed in corn cultivation is 
3.5T/ha and revenue ranges from 500-1300 USD per ha. 

3.2.​ Upland rice 

Upland farmers in Laos consider weeds as the single most important constraint to upland rice 
production (Roder et al. 1996). Weed control is by far the most labour-consuming task in upland rice 
production, counting for 40-50% of total crop labour input (Ibid: 114). Out of a total of 32 farm 
households cultivating upland rice in 2022-2023, 11 (34%) reportedly resorted to herbicides as a 
method of weed control. Pesticide use varies from village to village with 9 out of 11 applications 
recorded in three villages.  

 

Figure 3 - Upland rice cropping system and associated pesticide usage 

Two types of herbicides, paraquat and metsulfuron-methyl, were used with five and six applications 
respectively. Herbicide was generally applied in place of the first weeding. In the case of paraquat-type 
herbicides, sowing was generally performed immediately after application. Paraquat is considered 
labor-saving and quick-acting as reported earlier (e.g., Asai et al. 2017). Metsulfuron-methyl-based 
products were used solely as post-seeding herbicides, applied between 15 and 60 days after planting. 
Significant differences in Treatment Frequency Index (TFI) were noted between the two herbicide 
types: the median TFI for paraquat-based herbicides ranged from 2.36 to 3.54 across the three 
scenarios, whereas for metsulfuron-methyl-based herbicides, it ranged from 0.69 to 1.03. Pesticide 
pressure in upland rice fields is more acute regarding paraquat applications, with farmers using on 
average 2.5 to 4 times the recommended dose. In contrast, farmers using metsulfuron-methyl 
products use on average 0.9 to 1.3 times the recommended dose. 

11 Farmers who have large plot areas (>0,5 ha) often used motorised and hand-carried high-pressure sprayer with 
100-200 L capacity. Farmers who have small areas used either motorized or hand-operated knapsack sprayers or 
hand-held batter operated sprayer with 20 L capacity.  
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Table 7 - Herbicide application intensity in upland rice (N=11) 

 
Unit 

Seedling rates 

40KG/ha 50KG/h
a 60KG/ha 

TFI application 
<=1 

Number 4 4 2 

TFI application >1 Number 7 7 9 
TFI application Min 0,30 0,30 0,30 
TFI application Max 4,27 5,33 6,40 
TFI application Mean 1,74 2,16 2,59 
TFI application 1st quartile 0,74 0,93 1,11 
TFI application Median 1,14 1,43 1,71 
TFI application 3rd quartile 2,42 3,02 3,63 

Only one farm household indicated using rodenticide for rodent control in upland rice fields12. 

3.3.​ Lowland rice 

Out of 57 farm households cultivating lowland rice, 23 (40%) used herbicides for weed control. Three 
types of products were employed: 11 applications with an aqueous solution of butachlor (a 
chloroacetamide herbicide), 8 applications with mixtures of 2,4-D Methyl and Butachlor, and 5 
applications with metsulfuron-methyl (a sulfonylurea herbicide). These herbicides were applied 
post-transplanting. In the low seeding density scenario, two out of three households had a Treatment 
Frequency Index (TFI) of 1 or less, with 50% using less than 0.92 times the recommended doses. In 
the high seeding density scenario, the ratio reversed, with two out of three households overusing 
herbicide products and a median TFI of 1.26 (see Table 8). 

 

Figure 4 - Lowland rice cropping system and associated pesticide usage 

Significant differences in TFI were observed among the three types of products. For butachlor-type 
products, 6 out of 11 applications had a TFI of 1 or less, with an average TFI of 0.88 in the high 
seeding scenario. In contrast, for 2,4-D Methyl-type products and metsulfuron-methyl, only two 
applications in total had a TFI of 1 or less, with average TFIs of 1.41 and 3.37, respectively, assuming 
a seed density of 120 kg/ha. 

Table 8 - Herbicide application intensity in lowland rice (N=24*) 

 
Unit 

Seedling rates 

80KG/ha 100KG/h
a 

120KG/h
a 

TFI application 
<=1 

Number 16 10 8 

12 In northern Laos, farmers traditionally use trapping methods for rodent control. A 1994 survey conducted 
among lowland rice farmers across 11 provinces in the northern, central, and southern regions of Lao PDR 
revealed that less than 2% of respondents used rodenticides (Rapusas et al. 1997). The use of rodenticides 
began to rise in the latter half of the 1990s, with most of these rodenticides being sourced from China (Schiller et 
al. 1999: 384). 
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TFI application >1 Number 8 14 16 
TFI application Min 0,10 0,12 0,14 
TFI application Max 4,50 5,63 6,75 
TFI application Mean 1,10 1,34 1,58 
TFI application 1st quartile 0,57 0,71 0,85 
TFI application Median 0,92 1,08 1,26 
TFI application 3rd quartile 1,12 1,23 1,45 

Note: *one farmer among 23 lowland-rice-growing farm households used 
two different herbicide products. 

Two farm households reported using molluscicide products, with one applying fentin acetate and the 
other using a metaldehyde product13. Application rates were significantly lower than the recommended 
doses, with respective TFIs of 0.24 and 0.60 in the high seeding density scenario. No households 
reported using rodenticides in lowland rice fields.  

3.4.​ Yard-long bean 

Ten farm households reported cultivating yard-long beans during the dry season in 2022/2023. 
Cultivation occurred between November and April in the framework of ‘2+3’ contract farming (CF) 
arrangements with three different Chinese investors, referred to as Companies 1, 2, and 3. These 
investors select pesticides and determine the dosages for the farmers. For Companies 2 and 3, 
pesticide solutions are pre-dosed, and contracted farmers are unaware of the specific products or 
dosages used14. The identification of pesticides and application rates were obtained directly from the 
companies. It is important to note that the technical itineraries provided by CF companies represent 
typical application rates, meaning the average dosages applied per hectare by contracted farmers. 
These dosages may vary from year to year and from one farmer to another, depending on the 
presence of soil-borne diseases or the prevalence of insects. Despite these variations, standard 
itineraries allow for a fair estimation of applicable rates across all companies’ cultivated areas, 
extending beyond the study sample. Company 1 differs as pesticide products can be handled by 
contracted farmers, who prepare the dosages themselves according to the company’s instructions. 
The expected yield for yard-long bean cultivation is 18 tons per hectare, with seasonal earnings 
ranging from 40 to 60 million LAK per hectare (2000-3000 USD per hectare). 

Table 9 - Pesticide application intensity in yard-long bean (N=10) 

 Unit Company 1 Company 2 Company 3 

Total contracted household Number 178 264 279 
Sampled household Number 3 6 1 
Total area cultivated (ha) Number 42 67 100 
Sampled cultivated area (ha) Number 0,39 2,27 0,5 
Pesticide product used Number 10 7 9 
      Including insecticides Number 1 1 2 
      Including fungicides Number 9 6 7 
Eligible applications* Number 19 43 8 
TFI application <=1 Number 12 25 6 
TFI application >1 Number 7 18 2 
TFI application Min 0,31 0,24 0,30 
TFI application Max 3,08 2,67 2,54 
TFI application Mean 1,26 1,03 0,89 
TFI application 1st quartile 0,67 0,39 0,42 
TFI application Median 1,00 0,89 0,62 
TFI application 3rd quartile 2,05 1,50 0,98 
TFI insecticide Mean 1,82 0,48 1,97 
TFI fungicide Mean 1,15 1,12 0,53 

14 In some instances, pesticide solutions are pre-dosed and pre-diluted at the company compound before being 
transported to the village and distributed to farmers. In other cases, the preparation of pesticide solutions occurs 
in the village, with some villagers participating in the mixing and dilution process. In both scenarios, farmers are 
generally unable to identify the pesticide products used. 

13 The adoption of insecticides and molluscicides in rice cultivation is a more recent development in northern Laos 
compared to other regions. According to a survey conducted by Heong et al. (2002) involving 600 farm 
households in Vientiane, Savannakhet, and Champasak, approximately 56% of the rice farmers interviewed 
reported using insecticides. These sprays were primarily applied in the early crop stages to target leaf-feeding 
insects and in the late stages to target the rice bug. 
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TFI crop <=1 Number 0 0 1 
TFI crop >1 Number 3 6 0 
TFI crop Mean 1,29 1,04 0,89 

Note: * Label-directed dosages could not be identified or equivalence issues prevented TFI 
computation for five surveyed fungicide products: FUN009, FUN011, FUN020, FUN021, 
FUN041. 

A commonality among the companies’ technical itineraries is the extensive use of fungicide products. 
Of the 79 recorded applications, 68 involve fungicides. The analysis of the growing practices and 
sprayings of companies 1 and 2 offers more detailed insights into pesticide usage. 

 

 

 

 

 

 

 

Company 1 uses a total of nine fungicide products. The first application occurs during the crop 
establishment stage and consists of a combination of two fungicides, FUN010 and FUN021, which 
contain hymexazol and a mixture of metalaxyl-M and fludioxonil, respectively. This combination 
reportedly controls a broad spectrum of fungal pathogens, including those causing seed and soil-borne 
diseases like Fusarium. While the Treatment Frequency Index (TFI) for FUN021 could not be 
computed, the TFI for FUN010 indicates a dosage twice the recommended amount. Seven days after 
sowing, a single application of FUN012, a product composed of famoxadone and cymoxanil, is used 
against foliar fungal diseases, with a TFI of 0.58. During the vegetative and flowering stages, a total of 
five different fungicide products are used as foliar sprays, including i) a mixture of three products 
(FUN020, FUN043, and FUN044) with a single application, ii) a product containing triadimefon and 
mancozeb (FUN009) used separately with a double application, and iii) a product containing 
moroxydine hydrochloride (FUN039) used in a single application. Each fungicide product reportedly 
has its own distinct role in protecting yard-long beans from fungal diseases, including leaf spots, 
powdery mildew, and rusts. The application rates of FUN043 and FUN044 products show a pesticide 
pressure aligned with the recommended doses, with respective TFIs of 0.95 and 1. 

Table 10 - Pesticide composition and TFI for yard-long bean (Company 1) 

Product Chemical compound Content TFI 
FUN00

9 
Triadimefon 8% - Mancozeb 25% 

FUN01
0 

Hymexazol 70% 2,05 

FUN03
9 

Moroxydine 
hydrochloride 20% 0,77 

FUN01
2 

Famoxadone 23% 0,58 Cymoxanil 30% 
FUN01
7 

Mancozeb 80% 0,31 

FUN02
1 

Metalaxyl-M 38% - Fludioxonil 25% 
FUN04

4 
Propiconazole 150g/L 1,00 Difenoconazole 150g/L 

FUN02
0 

Triadimefon 44% - 

FUN04
3 

Chlorothalonil 75% 0,95 

INS059 Emamectin benzoate 5% 2,56 
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During the fruiting stage, a mancozeb solution (FUN017) is applied on average four times, depending 
on disease prevalence, with a TFI of 0.31. Throughout the entire cropping cycle, an insecticide product 
containing emamectin benzoate (INS017) is used as a foliar spray at least twice to control caterpillars 
and other pests that feed on foliage and pods, with a TFI of 2.56. Company 1 and its contracted 
farmers have a higher average TFI for insecticides (1.82) compared to fungicides (1.15), indicating a 
more intensive use of insecticides. Overall, the TFI value of applications shows a mean of 1.26 and a 
median of 1.00, suggesting that half of the pesticide applications are at or below recommended 
dosages. On the crop level, the average TFI value is 1.29.  

 

Figure 6 - Yard-long bean cropping system and associated pesticide usage (Company 2) 

Company 2 follows a technical itinerary characterized by a systematic use of mixing (see Fig. 6). A 
fungicide solution containing thiram and carbendazim (FUN030) is used as a seed treatment with a 
TFI of 1.50. After sowing, the company prepares pesticide solutions that mix up to six fungicide 
products and one insecticide product (see Table 1). These preparations are distributed to farmers 
weekly, with applications spaced every seven days until harvest. The targets for the different fungicide 
products (FUN030-FUN035) include Fusarium wilt (Fusarium spp.), Powdery mildew (Erysiphe spp.), 
Leaf spots (Alternaria, Cercospora), and Rusts (Uromyces spp.). The company also uses an 
insecticide product containing emamectin benzoate (INS004) for pest control. 

Table 11 - Pesticide composition and TFI for yard-long bean (Company 2) 

 

 

 

 

 

 

Company 2 also uses two biocontrol solutions during 
the flowering and fruiting stages: OTH001 (microbial inoculant) and OTH002 (Trichoderma spp.). The 
overall TFI for yard-long bean cultivation shows an average value of 1.04 and a median of 0.89, 
indicating a lower average intensity of pesticide use compared to Company 1. Another difference is 
that Company 2 demonstrates a lesser pesticide pressure for insecticides, with a mean TFI of 0.48, 
compared to fungicides, which have a mean TFI of 1.12. This is the opposite of the pattern observed 
in Company 1. 

Company 3 has TFI application values ranging from 0.30 to 2.54, with the lowest mean TFI of 0.89 
and a median of 0.62, reflecting the least intensive pesticide use among the surveyed companies. 
Company 3 also shows a higher mean TFI for insecticides (1.97) compared to fungicides (0.53). 
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Product Chemical compound Content TFI 
INS004 Emamectin benzoate 3% 0,48 
FUN03

0 
Thiram 25% 1,50 Carbendazim 25% 

FUN03
1 

Oxadixyl 8% 0,39 Mancozeb 56% 
FUN03
2 

Chlorothalonil 40% 1,10 

FUN03
3 

Kasugamycin 2% 0,89 

FUN03
4 

β-sitosterol 0,06% 0,24 

FUN03
5 

Difenoconazole 30% 2,67 Kresoxim-methyl 50% 



Overall, 39% of sampled pesticide applications in have a TFI of 1 or below. The median TFI at the crop 
level is 1.14, indicating a moderate overuse of pesticide products compared to label-directed dosages 
in yard-long bean cultivation. 

3.5.​ Pumpkin 

Twelve farm households reported cultivating round and/or long pumpkins as dry-season cash crops in 
2022/2023. This occurred between November and April under ‘2+3’ contract farming (CF) 
arrangements with four different field-crop investors. These investors included three Chinese entities 
(Company 1, Company 3, and another Chinese investor, Company 4) and one Lao investor (Company 
5). Information on pesticide use and application rates was assessed directly from the companies' 
technicians and consolidated based on interviews with sampled contracted farmers. Company 4 and 
Company 5 were not available for the study, so their technical itineraries, including pesticide usage, 
could not be assessed or remained incomplete. The expected yield in pumpkin cultivation is 30 tons 
per hectare, with revenues ranging from 15 million to 30 million LAK per hectare (750-1500 USD per 
hectare). 

Table 12 - Pesticide application intensity in yard-long bean (N=12) 

 Unit Company 1 Company 3 Company 4 Company 5 

Total contracted household Number 76 58 - - 
Sampled household Number 4 3 4 1 
Total area cultivated (ha) Number 28 25 - - 
Sampled cultivated area (ha) Number 2,83 0,77 3,95 1 
Pesticide product used Number 8 9 3 - 
   Including insecticides Number 2 2 1 - 
   Including fungicides Number 6 7 2 - 
Eligible application* Number 30 18 5 - 
TFI application <=1 Number 24 15 5 - 
TFI application >1 Number 6 3 0 - 
TFI application Min 0,16 0,33 0,13 - 
TFI application Max 2,49 1,40 0,59 - 
TFI application Mean 0,78 0,70 0,38 - 
TFI application 1st quartile 0,21 0,44 0,28 - 
TFI application Median 0,50 0,60 0,37 - 
TFI application 3rd 

quartile 1,00 0,83 0,56 - 

TFI insecticide Mean 0,89 1,97 0,48 - 
TFI fungicide Mean 0,74 0,70 0,25 - 
TFI crop <=1 Number 4 1 4 - 
TFI crop >1 Number 1 2 0 - 
TFI crop Mean 0,78 1,02 0,42 - 

Note: * Label-directed dosages could not be identified, or equivalence issues prevented TFI computation for 
four surveyed fungicide products: FUN009, FUN020, FUN021, FUN041. 

Across all four CF arrangements, 83% of pesticide applications have a TFI of 1 or lower, with the third 
quartile (Q3) at 1.17. This indicates that most pesticide applications are relatively close to or below the 
label-directed dosage values. The average TFI for insecticides is higher compared to fungicides, 
indicating more intensive use of insecticides, particularly for Company 2 (see Table 12). Eight out of 
forty-one fungicide applications have a TFI above 1, with a mean TFI of 0.69. In comparison, half of 
the insecticide applications have a TFI above 1, with a mean TFI of 1.18.  

Figure 7 illustrates the technical itinerary employed by Company 1, which uses a total of eight 
pesticide products for pumpkin. Applications are organized into three sprayings. The first spraying 
occurs seven days after sowing and consists of a mixing of two fungicides and one insecticide. The 
fungicides, FUN010 and FUN039, are noted for their efficacy in controlling powdery mildew and 
gummy stem blight/black rot. The insecticide, INS064, is used to control a wide range of pests, 
including aphids. This spraying includes the only application with a TFI greater than 1, specifically 
FUN010, which is used at 1.74 times the recommended dose. FUN010, composed of hymexazol, is 
employed as a prophylactic against a range of soil-borne pathogens, including those causing 
damping-off, root rot, and other diseases affecting seedlings and mature plants. 
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The second spraying occurs approximately one month after the first and consists of a combination of 
two fungicidal solutions, FUN020 and FUN039, aimed at controlling viral diseases that can affect the 
plants. The third application takes place around 60 days after sowing and includes two fungicides, 
FUN009 and FUN025, used to control various fungal pathogens such as powdery mildew, leaf spots, 
and rusts. Additionally, it includes an antibiotic, FUN037, and an insecticide, INS056, known for 
controlling aphids and beetles. 

Table 13 - Pesticide composition and TFI for pumpkin (Company 1) 

 

 

 

 

 

 

 

At the crop level, the average TFI value is 0.78 for 
Company 1, 1.02 for Company 2, and 0.42 for Company 3. 

Overall, three-quarters of the crop TFIs are equal to or less than 1, indicating that pesticide 
applications in pumpkin were generally lower than the recommended doses. 
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Product Chemical 
compound 

Content TFI 

FUN01
0 

Hymexazol 70% 1,74 

FUN03
9 

Moroxydine 
hydrochloride 

20% 0,45 

FUN02
0 

Triadimefon 44% - 

FUN00
9 

Triadimefon 8% - Mancozeb 25% 
FUN03
7 

Zhongshengmyci
n 

3% 0,16 

FUN02
5 

Difenoconazole 10% 0,17 

INS056 Isoprocarb 27% 0,40 Imidacloprid 3% 
INS064 Acetamiprid 3% 1,00 Abamectin 1% 



 

 

Box. 2 – Navigating a volatile contract farming landscape 

Head of a household of seven, Mr. Phommachit15  is one of the farmers who have benefited from the upland corn boom, a crop 
he has been cultivating for 16 years. Now a well-capitalized farmer, Mr. Phommachit operates from a position of strength, no 
longer a price taker when selling corn grain. With the profits generated over the years, he was able to invest in off-season cash 
crops, particularly in the capital-intensive cultivation of pumpkins, with an average of 1.5 hectares cultivated each season. The 
year 2023/2024 marked his second year of collaboration with a Chinese Contract Farming (CF) company, Investor 3, the second 
change of field-crop investor in four years. Between 2013 and 2019, Mr. Phommachit worked with a first Chinese company, 
Investor 1. Due to COVID-19 and the closure of borders, Investor 1 could not maintain its activities in Oudomxay. In 2021, the 
Chinese company was replaced by a Lao contractor, Investor 2, who negotiated pumpkin production arrangements with 
villagers. After two years, collaboration with Investor 2 was discontinued, and a new Chinese company, Investor 3, came into the 
village: "The district Department of Agriculture (DAFO) already arranged discussions with Investor 3 to operate in our village," 
explained Mr. Phommachit. According to district authorities, only Investor 3 and another entrepreneur were officially registered to 
conduct business for dry-season pumpkin cultivation for 2023. Other field-crop investors and traders, including Investor 2, 
reportedly failed to pay “registration fees”16. When asked about its production arrangements, Investor 2 explained that they were 
still negotiating with DAFO to maintain activities in the villages where they were established: "They [Investor 3] do not want other 
CF companies, including Lao investors, to operate in the district. I used to work in these villages before them, and now I cannot 
work there anymore, so I am requesting a sharing of the lowland available for dry-season cultivation.” For Mr. Phommachit and 
other contracted farm households, changes in field-crop investors and growing conditions, including chemical use, can be 
significant: “Pumpkin yields were similar between Investor 1 and Investor 2, although the latter required less pesticide use. 
Investor 2 required only two pesticide products, including one insecticide. However, last year, a representative from Investor 2 
made a mistake by advising farmers to use a Chinese-labeled agrochemical [a root-feeding liquid fertilizer]. Many farmers lost a 
significant portion of their produce after spraying this product. [...] I lost a third of my pumpkin crop and could only harvest 14 
tons of pumpkins where I expected 20.” Mr. Phommachit speculated that the inappropriate timing or dosage of the product might 
have caused the crop to die. He explained that Investor 2 was more of a trader and had less experience in farming. Chinese 
companies, including Investor 1 and Investor 3, hire technicians, mostly Chinese speaking, who can provide technical advice 
and follow-up at the plot level through translation. However, their technical itineraries can be more complex for local farmers. For 
the 2023/24 season, Mr. Phommachit must use no fewer than nine pesticide products, all labeled in Chinese, for pumpkin 
cultivation. Of these nine products, at least five differ from those provided by the same company the previous year. As he 
explained, moving from one company to another, or from one year to the next, he must continually adapt his practice, 
sometimes at the cost of making mistakes. 
 

3.6.​ Watermelon 

Except for one farm household cultivating watermelon for the local market (see Box 3), no sampled 
household included watermelon in their crop rotation. In Oudomxay Province, watermelon cultivation is 
primarily implemented through the ‘1+4’ contract farming model, where investors provide capital, 
techniques, market access, and labor, while local villagers supply the land. Seasonal land leases for 
watermelon cultivation under ‘1+4’ arrangements ranged from 360 to 480 USD per hectare in 
2023/2024. 

Below, the study outlines the technical itinerary and pesticide usage of a Chinese investor managing 6 
hectares of watermelon under the ‘1+4’ model, referred to as Company 6. The investor operates under 
another Chinese company that cultivates a total of 246 hectares of watermelon, both directly and 
through intermediaries17. The described itinerary applies to the entire area, with pesticides and 
dosages sourced by the main company and redistributed to its intermediaries. On average, four 
different pesticide products are used each season, with a total of 20-25 applications distributed as 
follows. 

17 The company reported an expected yield of 30T/ha.   

16 It is a prerequite for field-crop investors and traders to register farming arrangements with DAFO. Until the 
early/mid 2010s, it was not unusual to encounter production agreements arranged without involvement of local 
authorities in northern Laos (Fullbrook 2007: 30-32; Fullbrook 2011: 40-42). Production agreements were being 
negotiated directly between investors and village-level authorities or households, often bypassing local authorities 
(Friis and Nielsen 2017).  

15 Pseudonym is used to de-identify respondents, organizations, including contract farming companies and other 
private investors.  
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Figure 8 - Watermelon cropping system and associated pesticide usage (Company 6) 

During the vegetative stage, a fungicide product containing moroxydine hydrochloride (FUN046) is 
used. This product is first applied ten days after transplanting and then every ten days until harvest. 
On average, there are 10 applications, with an estimated TFI of 0.34. 

Table 14 - Pesticide composition and TFI for pumpkin (Company 6) 

Product Chemical compound Content TFI 

INS066 Imidacloprid 20% 0,52 
FUN04
5 

Prochloraz 45% 0,33 

FUN04
6 

Moroxydine hydrochloride 6% 0,34 

FUN04
7 

Benzisothiazolinone 2% 0,20 Tebuconazole 25% 
Two weeks after transplanting, an insecticide solution containing spinetoram or imidacloprid is used at 
a rate of 233 mL/ha, with an estimated TFI of 0.52 for INS066. The product is applied every 10 days 
until harvest, with a total of 8 to 10 applications per season. Two fungicide products are then used 
during the flowering and fruiting stages. A solution of prochloraz (FUN045), a broad-spectrum 
imidazole fungicide, is used to control Anthracnose, caused by Colletotrichum orbiculare, and to 
prevent Alternaria leaf spot, caused by Alternaria cucumerina. The latter disease results in small, 
circular spots on leaves that can merge and cause extensive damage. The product is applied once, 
about ten days before the harvesting period, at an average rate of 173 mL/ha. The estimated TFI for 
this product is 0.33. A second fungicide, FUN047, containing benzisothiazolinone and tebuconazole, is 
typically applied once per season and only when symptoms of certain fungal diseases that cause 
blight and root rot are observed. The TFI, based on the upper value of the recommended dose range, 
is 0.20. 

The company also uses a biocontrol solution during the crop establishment stage, OTH005 
(Trichoderma spp.), at a dose of 250 g/ha. The TFI for the company and its contracted farm 
households for watermelon cultivation is 0.35. 

Box. 3 – Growing watermelon for the domestic market 
 
Since the early 2010s, watermelon has become an important source of income for the villagers who lease their land to 
companies and for those, generally different, who work the fields as labourers. It was as a labourer that Mr. Ping came to learn 
about watermelon cultivation: “For a year, I worked as a seasonal laborer for a Chinese investor who planted around 15 
hectares of watermelons in a neighboring village […] We were employed for a period of four months. At that time, I received 
60,000 KIP per day, which would correspond to a daily wage of 110,000 KIP [approximately 5.50 USD] today.” The entire 
production was destined for the Chinese market and relied on high volumes of chemical pesticides to maintain crop yields. The 
company that employed Mr. Ping used at least five pesticide products, mainly fungicides. Convinced of the economic potential of 
watermelon cultivation for the domestic market, Mr. Ping decided, after working one season as an agricultural worker, to adapt 
the company's farming techniques and grow watermelons on his own lowland paddy fields. One adaptation was to reduce the 
number of pesticides used, aiming to offer healthier products to local consumers and to preserve his lowland paddy soils. 
Nowadays, Mr. Ping relies on two pesticides: a fungicide to prevent soil-borne diseases (with a TFI of 0.47 for 2022-2023) and 
an insecticide (with a TFI of 1.21 for 2022-2023), which he applied based on the prevalence of pests. Both products are labelled 
in Chinese, a language Mr. Ping has no command of. He explained selecting and dosing pesticide products based on 
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recommendations from pesticide retailers based in Oudomxay, the provincial capital, and his own observations. The fruits are 
sold to middlemen who typically buy them directly from the farm to resell in town or directly to local customers. With a cultivated 
area of 0.3 hectares, Mr. Ping reported generating a minimum profit of 750 – 1000 USD each season. With a TFI of 0.75, he 
demonstrates the economic viability of less pesticide-intensive watermelon growing practices. Since he began planting 
watermelon seven years ago, other villagers have followed his example and started growing watermelon as part of a crop 
diversification strategy. These farmers, who grow horticultural crops for the domestic market, represent a specific category of 
pesticide users, which would require specific attention.  

 
3.7.​ Sugarcane 

Four farm households in one sampled village (i.e., Phusatee Village, see Box 4) reported cultivating 
green sugarcane in 2022-2023. This occurred under ‘2+3’ contract farming (CF) arrangements with a 
Chinese field-crop investor (Company 7). The sugarcane growing season is from November to March 
every year, with the harvesting season starting from January to April. The average lifespan of 
sugarcane is five years. One application of pesticide was recorded: INS053, an insecticide solution of 
thiamethoxam, is used about ten days before planting and is mixed with fertilizers. Each year, the 
farmers repeat the same process of incorporating fertilizers and the insecticide solution into the ridges. 
A similar practice is reported by Sandevoir (2019), involving an emamectin benzoate solution. 

The application rate indicated by the company is 40 grams per mu, while the recommended dose on 
the pesticide product label is 25-40 grams per 100 kg of seed. The sowing density set by the company 
is reportedly 1.1 tons per hectare, which equates to around 73 kg of seeds per mu, resulting in an 
application ratio of 55 grams per 100 kg of seeds. The TFI could not be computed for this application 
due to the absence of a recommended dosage expressed per hectare. 

 

Figure 9 - Sugarcane cropping system and associated pesticide usage (Company 7) 

The use of herbicides was not recorded among sampled farm households, and the CF company 
reportedly does not supply herbicide products. Sandevoir (2019: 47) reports a case of a CF company 
supplying a selective herbicide for sugarcane cultivation, applied 2-3 times. In some cases, in 
Phusatee, farmers may resort to herbicide solutions, particularly if mulching, which usually takes place 
before planting, is delayed and family labor is limited. Sugarcane cultivation is labor-intensive, 
especially during sowing and harvesting. Preparing a new plot requires farmers to slash and burn the 
field, level the ground, mulch, and plant the cuttings. Weeding is generally done manually between 
rows. For a 1-hectare plot, manual weeding involves five people working for three days, a process that 
may be repeated up to five times. The first weeding occurs fifteen days after fertilizer application, 
followed by another session thirty days later, and then every forty days, depending on the crop’s 
growth. Mulching requires significantly more time and labor. For a 1-hectare plot, plasticization of 
ridges involves four people working for a minimum of five days.  

Box. 4 – Sugarcane cultivation: a source of sustainable village income? 

As of 2024, the village of Phusatee in La District, Oudomxay Province, stood as the only village in the district cultivating 
sugarcane. In 2017, the village community was first approached by an investor to persuade them to plant sugarcane, but the 
villagers were not convinced. In 2019, under the leadership of a new village headman, 19 out of 94 households decided to sign 
a contract for sugarcane cultivation with a Chinese investor (Company 7). The company operates through an intermediary 
based in Namor, and the sugarcane is exported to China, where it is processed in sugar factories in Yunnan Province. The 
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Chinese company provides the plants, fertilizers, and other chemicals, as well as machinery for road construction, plowing, and 
the construction of ridges. Investments are recovered by deduction from the farmers' income at the time of annual yield 
payments. As of 2024, a total of 81 families were cultivating sugarcane on an area of 110 hectares, with individual plot sizes 
ranging from a minimum of 0.45 hectares to a maximum of 2.7 hectares. Sugarcane cultivation is perceived as being twice as 
profitable as corn cultivation and has become the main source of income for 30 households in the village. The first year of 
cultivation is generally perceived as financially difficult. Farmers must cover the costs of seedlings, mulching, fertilizers, road 
construction, and machinery rental provided by the company. With limited yields in the first year, several households find 
themselves in debt. However, years 2 and 3 are profitable, with yields between 45-60 tons per hectare and revenue reaching up 
to 40 million LAK per hectare (2,000 USD per hectare). Yields generally decrease in years 4 and 5. Although more profitable, 
sugarcane cultivation includes extensive use of fertilizers (i.e., 1.2 tons per ha per year) and poses serious threats to the soil 
environment (see also Malbrunot and Ben Moura 2019).  

3.8.​ Tobacco  

Seven farmers in the study sample reported cultivating tobacco in 2022/2023. Tobacco farming takes 
place between October and April and is highly labor-intensive. Seedlings are grown in nurseries, then 
transplanted to fields that have been plowed, watered, and fertilized. Regular tasks include mulching, 
irrigation, manual weeding, pest control, and fertilization. The plants are topped and suckered to 
promote leaf growth. Harvesting is done in stages, followed by curing to develop the desired quality. 

The sampled households engaged in tobacco farming were contracted by two different contractors – 
one Chinese and one Lao (referred to as Company 8 and Company 9) – under ‘2+3’ contract farming 
arrangements. Both investors provide an average of six pesticide products but with different targets. 
Company 8 includes three fungicide products, one growth regulator, and one insecticide product (see 
Table 15). Company 9 includes four insecticide products, one growth regulator, and one fungicide 
product.  

Table 15 - Pesticide application intensity in tobacco (N=7) 

 Unit Company 8 Company 9 

Total contracted household Number 199 243 
Sampled household Number 6 1 
Total area cultivated (ha) Number 32 49 
Sampled cultivated area (ha) Number 1,92 0,48 
Pesticide product used Number 8* 6 

Including insecticides Number 2 4 
Including fungicides Number 5 1 
Including herbicides Number 1 1 

Eligible applications Number 16 6 
TFI application <=1 Number 16 5 
TFI application >1 Number 0 1 
TFI application Min 0,28 0,31 
TFI application Max 1,00 1,56 
TFI application Mean 0,63 0,79 
TFI application 1st quartile 0,31 0,50 
TFI application Median 0,53 0,79 
TFI application 3rd quartile 0,94 0,86 
TFI insecticide Mean 0,83 0,89 
TFI fungicide Mean 0,50 0,88 
TFI herbicide Mean - 0,31 
TFI crop <=1 Number 6 1 
TFI crop >1 Number 0 0 
TFI crop Mean 0,63 0,79 

 Note: * Company 8 has renewed some of the pesticide products distributed to 
contracted farm households. As a result, some of the sampled households were 
still incorporating the previously used products, leading to a recorded number of 
pesticide products greater than six. 

Table 16 and Figure 10 describe the technical itinerary employed by Company 8, which uses a total of 
six pesticide products in tobacco cultivation. INS017, a solution of emamectin benzoate, is used at 
least twice during the cultivation cycle. The first application occurs during the nursery period 
(October-November) as a seed coating to protect seeds from pests. The product is then used as a 
curative treatment if insect infestations, including tobacco caterpillar (S. litura), are observed from early 
to late stages of growth. A minimum of one curative application is practiced in a season. Company 9 

20 
 



follows a similar itinerary with a solution of emamectin benzoate, INS059, used in the nursery for seed 
coating and after transplanting. 

About fifteen days after the start of the nursery period, FUN002, a chlorothalonil solution, is applied as 
a preventive fungicide by Company 8. It is noted for its wide-range control of fungal diseases affecting 
tobacco crops, such as blue mold (Peronospora tabacina), black shank (Phytophthora nicotianae), 
target spot (Rhizoctonia solani), and others. This fungicide is applied a second time about fifteen days 
after transplanting. The technical itinerary followed by Company 9 is similar, with a fungicide product 
containing validamycin (FUN042), with two applications made during the nursery period 
(approximately 45 days). 

Table 16 - Pesticide composition and TFI for tobacco (Company 8) 

 

 

 

 

 

 

Table 17 - Pesticide composition and TFI for tobacco (Company 9) 

 

 

 

 

The main difference in the companies’ technical 
itineraries lies after transplanting, which generally occurs in January. Company 8 uses three new 
different fungicide products with single applications to reduce transplant shock and protect young 
tobacco plants from soil-borne pathogens: FUN004, containing chloroisobromine cyanuric acid, 
reportedly prevents and controls bacterial diseases, including tobacco red star disease and wildfire 
disease; FUN003, a mixture of copper sulfate and fatty acid, is effective against a wide range of fungal 
diseases similar to chlorothalonil; and FUN001, a mixture of cuaminosulfate and hymexazol, ensures a 
broader spectrum of disease control. This product reportedly prevents yellowing of tobacco leaves and 
acts as a prophylactic. 

 

Figure 10 - Tobacco cropping system and associated pesticide usage (Company 8) 
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Product Chemical compound Content TFI 

INS017 Emamectin benzoate 0,2% 1 
Lambda-cyhalothrin 1,8% 

FUN001 Cuaminosulfate 6% - 
Hymexazol 13% 

FUN002 Chlorothalonil 75% 0,31 
FUN003 Copper sulfate 1,2% - 

Fatty acid mixture 23% 
HER051 Flumetralin 25% - 
FUN004 Chloroisobromine 

cyanuric acid 
50% 0,83 

Product Chemical compound Content TFI 

INS059 Emamectin benzoate 5% 0,83 
HER07
8 

Pendimethalin 330g/L 0,31 

INS060 Imidacloprid 10% 0,42 
INS061 Emamectin benzoate 50g/KG 0,75 
INS062 Abamectin 40g/L 1,56 
FUN04
2 

Validamycin 10% 0,88 



Both companies incorporate an herbicide product to regulate plant growth. Company 8 uses HER051, 
which contains flumetralin, applied approximately 50 days after transplanting. Flumetralin is a plant 
growth regulator that inhibits flower formation, a practice known as "topping." Topping involves the 
removal or inhibition of the flower bud, encouraging the plant to divert energy from reproductive growth 
(flower and seed production) to vegetative growth, specifically developing larger and higher-quality 
leaves. Company 9 uses a product containing pendimethalin, applied 15 to 20 days before harvest. 
The application rates used are 300 g/ha and 1.9 L/ha for HER051 and HER078, respectively. 

Aside from these differences, almost all applications computed for TFI show a value below 1, 
indicating that applications are aligned with or below label-directed dosage values. Across the crops, 
the total TFI values of applications for both companies are below 1, with an average value of 0.63 and 
0.79, respectively. 

Revenue from tobacco cultivation is relatively high, but the cost (especially labour costs) is also high 
relative to other crops. The expected average yield is 3T/ha, and revenue can be up to 60 million LAK 
per hectare (3000 USD/ha). 

4.​Discussion 
 

4.1.​ Pesticide overuse and misuse 

The calculation of Treatment Frequency Index (TFI) revealed a moderate overuse of pesticide 
products among sampled farm households. Excluding seed coating and rodenticide products, 75% of 
sampled farmers were found to overuse pesticides, with a median TFI of 1.51 at farm level. However, 
different trends were observed depending on the cropping systems and agricultural production models 
involved (see Figure 11). The highest pesticide pressure was recorded in upland crop systems and 
outside contract farming schemes. On average, the TFI values for corn, upland rice, and job’s tears 
were 2.06, 2.16, and 1.70, respectively. For corn, farmers typically used an average of 2.2 pesticide 
products, usually combining an herbicide with an insecticidal solution used for seed coating. For job’s 
tears and upland rice, farmers used an average of 1.6 and 1.1 pesticide products, respectively, 
primarily herbicides. The highest TFI values in the sample were recorded for herbicide applications 
used in these upland crops. The farmers surveyed during the study used herbicides on average at 2.6 
times the recommended doses in the high seeding density scenario. It is notable that paraquat-based 
products continue to be used and even overused, with median application rates 2.3 times higher than 
the recommended dosages. The reliance on paraquat-based products, and herbicides in general, is 
geographically differentiated with village-specific characteristics reflecting different familiarization 
processes with pesticides among local communities.   

Regarding lowland rice cultivation, farmers primarily used herbicides with application rates that align 
with recommended dosages, resulting in a median TFI of 1.08. Off-season crops grown on lowland 
rice fields during the dry season present a similar situation (see table 18). Within contract farming (CF) 
schemes, pesticide application levels are typically at or below recommended doses, with median TFI 
of 0.66 for tobacco and 1.04 for yard-long beans. For yard-long beans, farmers typically used an 
average of 7.9 pesticide products, mainly fungicides, while for pumpkins and tobacco, they used an 
average of 5.5 and 5 products, respectively. According to the technical guidelines set by CF 
companies, farmers either mix or use pre-mixed solutions containing various products, predominantly 
fungicides and, to a lesser extent, insecticides. In most applications, different products are mixed. 
Contract farming companies usually prepare and mix these pesticide solutions to enhance pest and 
disease control efficacy. However, this practice sometimes leads to the mixing of products with the 
same active ingredients, resulting in overdosing. Additionally, combining pesticides intended to have 
the same effect on target pests can cause redundant applications. These practices not only increase 
the cost of pest management but also raise the risks of pest resistance and environmental 
contamination. 
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Table 18 - Treatment Frequency Index (TFI) for studied agricultural crops 

 Unit All Corn Upland 
rice 

Lowland 
rice 

Job's 
tear 

Long 
bean 

Pumpkin Tobacco Water-
melon 

Sugar-
cane 

TFI crop 
<=1 

Number 41 7 2 9 1 1 8 7 1 0 

TFI crop  >1 Number 88 53 9 14 4 9 4 0 0 0 
TFI crop Min 0,12 0,36 0,30 0,12 0,59 0,89 0,25 0,53 0,75 - 
TFI crop Max 5,33 4,93 5,33 4,50 3,00 1,53 1,17 0,79 0,75 - 
TFI crop Mean 1,62 2,06 2,16 1,23 1,70 1,10 0,72 0,65 0,75 - 
TFI crop Q1 0,79 1,42 0,93 0,76 1,08 1,04 0,58 0,58 0,75 - 
TFI crop Median 1,30 1,94 1,43 1,08 1,42 1,04 0,67 0,66 0,75 - 
TFI crop Q3 2,25 2,67 3,02 1,26 2,40 1,14 1,00 0,71 0,75 - 

 

Overall, this study highlights the heterogeneity of spraying practices and rates doses both across 
space, time, and production arrangements. Overuse of pesticides is more pronounced for herbicides in 
upland crops like corn and upland rice. In contrast, the primary issue for dry season crops, within 
contract farming arrangements, relates more to the misuse of pesticides, characterized by mixing 
practices and ‘redundant’ applications. These findings underscore the need for tailored strategies to 
address specific pesticide use patterns in different cropping systems. 

 

Figure 11 - Treatment Frequency Index (TFI) for studied agricultural crops 

4.2.​ Grounding pesticide application decisions 

Out of 377 recorded pesticide applications, only 48 involved products labelled in Lao. Among these, 39 
had labels indicating recommended doses (quantities of active ingredients to be sprayed per hectare). 
Consequently, 90% of the pesticide applications documented in the study used products without 
clearly established application rates recommendations in Lao. In other words, when it comes to 
application rates, farmers rarely obtain knowledge from the product labels and tend to over rely on 
pesticide distributors.18 This issue is particularly significant within contract farming (CF) arrangements, 
in which pesticide products are systematically sourced and provided by field-crop investors. A notable 
finding is that CF companies in several cases perform the pesticide dosages and dilutions themselves, 
leaving farmers unaware of the products used on their fields, including under ‘3+2’ type arrangements. 
The study reviewed seven contract farming arrangements in Oudomxay Province, and none provided 
information about the pesticide products used, their application rates or pest targets. Considering that 
95% of the products distributed by CF companies are labeled in languages other than Lao, farmers 
are highly dependent on the guidance provided by companies’ technicians. The shifting landscape of 
contract farming and pesticide usage also require farmers to adapt to different spraying conditions and 

18 As evidenced by Schreinemachers et al. (2017), the study found that government extension officers had very 
minimal influence on pesticide application decisions. 
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chemical products. As such, most of them are not able to acquire knowledge related to each specific 
product they are using.  

For crops grown outside contract farming arrangements, farmers exhibit more agency in pesticide 
application. The selection of products varies from village to village. For instance, while most villages 
widely use a particular insecticide (INS012) for corn seed coating, some villages prefer different 
products (e.g., INS009; INS053) based on local practices, experiences, or recommendations. Once a 
product gains popularity in a village, it often becomes the generalized choice for that area. This 
village-specific preference can be influenced by factors such as the perceived effectiveness of the 
product, the advice of local leaders or experienced farmers, and the availability of the product through 
local distributors. A similar familiarization process occurs with herbicides, though there is more 
intra-village differentiation. With shorter fallow periods and the increased ‘fixedness’ of agriculture in 
upland areas, soil fertility tends to decrease, and organisms' resistance to chemical pesticides to 
increase. As a result, farmers switch products and use different pesticides. One out of five recorded 
applications aimed at weed control in corn fields involved the use of two different herbicide products. 
Although exploring the factors influencing the selection of pesticide products and spraying practices is 
beyond the scope of this study, some observations can be made regarding upland crops. The location 
of fields, particularly their accessibility and distance from a water source, seems to influence spraying 
materials, volumes, and rates doses. Crop rotation and available household labor are factors that 
several respondents indicated as decisive for resorting to certain systematic herbicides like Paraquat. 

In a context where the number of pesticide products is growing, further research is needed to assess 
how farmers navigate the complexities of pesticide selection and dosage decisions. Understanding the 
influences on farmers' choices, such as the guidance from pesticide distributors, local practices, and 
the effectiveness of various products, is crucial. Additionally, exploring how the lack of label 
information and contract farming arrangements impact their knowledge and decision-making 
processes will provide valuable insights for improving pesticide usage practices and ensuring safer, 
more ‘effective’ application methods. 

4.3.​ Study limitations 

One crucial aspect of computing Treatment Frequency Index (TFI) is accurately estimating pesticide 
application rates. TFI has been extensively employed in the Global North, where pesticide regulations 
are stringent and environmental monitoring is robust (Pedersen and Nielsen 2017; MASA 2023). Data 
on pesticide usage is primarily sourced from national agricultural surveys, pesticide sales records, and 
farm-level reports. Due to the limited availability of comprehensive data on pesticide use in Lao PDR, 
implementing a quantification methodology based on TFI necessitates reconstructing pesticide use 
patterns from the ground up, starting at the farm level. This poses significant challenges. Firstly, the 
agricultural sector in Laos comprises mainly smallholders who rarely keep records of pesticide usage, 
much less the dosages applied. Consequently, any assessment, including this study, relies exclusively 
on self-reported data from farmers and field-crop investors, which may be subject to reporting bias. 

To mitigate potential measurement errors, the study conducted an extensive inventory of pesticides 
available to farmers, providing a large set of visual aids to help identify actual pesticide products used. 
Borrowing from ethnographic methods, observations of pesticide spraying also provided insights into 
local practices, including spraying volumes and application rates. However, this was limited to upland 
crop cultivation, especially corn. Additionally, TFI calculation requires collecting a substantial amount 
of pesticide use data, which is time-consuming to gather on a large scale. Consequently, this study 
computed TFI for the principal crops and only for a small number of farm households, which may limit 
the generalizability of the findings. Another reason for this uncertainty is the volatility in the selection 
and dosage of pesticide products. Both within and outside contract farming arrangements, there is a 
high turnover of pesticide products, leading to spatial and temporal heterogeneity in the products and 
application rates used. Therefore, it is unknown whether the findings from this study represent a 
local/regional trend or a broader dynamic.  
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The second challenge in implementing a TFI-based methodology in Laos is the absence of an official 
list or guidelines for recommended pesticide dosages. This lack of standardized recommendations 
complicates the accurate estimation of pesticide quantities necessary for effective pest control. This 
study relied on label-directed dosages provided by pesticide manufacturers. However, this source of 
information can be incomplete and inadequate. One out of four products surveyed by the study did not 
indicate any recommended application rates, and at least as many referenced dosage 
recommendations for crops or targets different from those specified by the respondents, leading to 
potential discrepancies. As a result, the study could not compute the TFI for 10 pesticide products, 
leading to incomplete TFI data at both crop and farm levels, particularly for pumpkin, tobacco, and 
yard-long bean. Furthermore, the study’s choice to use the highest recommended dosages as the 
reference value—when product labels provided a range—may have led to an underestimation of 
pesticide use. 

Finally, a limitation of the study and TFI methodology is its inability to account for the types of active 
ingredients used in pesticides (Kudsk et al. 2018). Pesticide use data is presented solely as the 
amounts of active ingredients applied, without considering the varying toxicity and environmental 
impact of different chemicals. Consequently, while TFI can track the frequency and quantity of 
pesticide applications, it fails to evaluate and monitor the potential risks to the environment and human 
health.  

Despite these challenges, there are significant potentials in implementing a TFI-based methodology in 
Lao PDR. Establishing a reliable TFI system can offer numerous benefits, including improved 
monitoring of pesticide usage, enhanced regulatory compliance, and better-informed policy decisions. 
By creating a more structured approach to pesticide application, TFI can help identify trends and 
patterns in pesticide use, facilitating targeted interventions to promote safer and more sustainable 
practices. To realize these potentials, several steps are necessary. Firstly, developing and 
disseminating an official list of recommended dosages tailored to local agricultural conditions and 
cropping systems is crucial. Secondly, investing in capacity-building initiatives to train farmers, 
agricultural workers, and officials in accurate data recording and pesticide application is essential. This 
includes creating robust data collection systems, possibly utilizing mobile technology and geographic 
information systems (GIS) to streamline data gathering and analysis. Furthermore, integrating 
environmental and health risk assessments into a TFI framework can enhance its utility. This would 
involve categorizing pesticides based on their active ingredients and associated risks, providing a 
more nuanced view of pesticide impacts. Engaging local communities and stakeholders through 
awareness campaigns and educational programs can also foster greater adherence to recommended 
practices, thereby improving the overall effectiveness of a TFI-informed policymaking process.  

5.​Conclusion and recommendations 
The commercialization of agriculture in the Lao People’s Democratic Republic (PDR) has led to an 
increase in pesticide use. This study represents an important step in establishing data and 
understanding the conditions of actual spraying practices in Laos. The greatest pesticide intensity 
overall came from herbicide compounds, reflecting their prevalent use in corn and other upland crop 
systems. Pesticide overuse is widespread across all surveyed farms, though it remains limited for 
dry-season crops. Misuse of pesticide products, such as the practice of mixing multiple chemicals or 
using a large number of products, especially fungicides, compounds the issue of overuse. The findings 
of this study clearly highlight the diverse spraying practices and application rates. Exploring the spatial 
heterogeneity of pesticide pressure is crucial for better understanding and monitoring of pesticide 
usage. This study indicates several entry points to address these issues:  

-​ Scaling up field assessment and quantification of pesticide usage is essential for improving 
pesticide management in Laos. This study has laid the groundwork for replicating large-scale 
pesticide usage assessments by creating a dataset of pesticide products through label 
identification and analysis. Such efforts can facilitate a comprehensive diagnostic evaluation of 
spraying practices and pesticide pressures across a broader sample of commercial farms. 
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Moreover, this evaluation should delve into farmers’ relationships with pesticides, particularly 
their naming, mixing, and spraying practices. Special attention should be given to local names 
and classifications of chemical products, as understanding these terminologies is key for 
effective communication and intervention. An ethnoscience approach is recommended to 
access and comprehend local perspectives on pesticides and market interactions, thereby 
highlighting both practical and cultural dimensions of pesticide use (Bureau-Point et al. 2024).  

-​ Identifying and focusing assessment and monitoring efforts on potential ‘high-risk’ areas is 
crucial for effective pesticide management. This study found significant geographical 
differences in Treatment Frequency Index (TFI) for herbicides, fungicides, and insecticides, 
which can be attributed to varying agricultural practices and environmental conditions across 
different villages and production arrangements. To address this, it is recommended to identify 
potential 'hot spots' of pesticide usage, such as headwaters where Paraquat-based herbicides 
are possibly used, and to develop targeted monitoring programs. Such an approach involves 
considering not only agronomic practices but also the environmental factors that influence 
pesticide flows, such as hydro-sedimentary dynamics (Sandevoir 2019; Wentworth et al. 
2021). Integrating Geographic Information Systems (GIS) with TFI and other pesticide 
indicators can significantly enhance monitoring efforts (Chayre et al. 2023; Martin et al. 2023). 
By overlaying data on pesticide application rates, environmental conditions, and 
hydro-sedimentary dynamics, GIS can provide a comprehensive view of how pesticides flow 
through different landscapes. 

-​ Supporting better-informed pesticide applications requires particular attention being paid to 
pesticide handling in contract farming (CF) schemes. Although the proliferation of CF 
production arrangements is clearly linked to increased pesticide use, pesticide management is 
rarely considered in policy recommendations (e.g., Manorom et al. 2011; Fullbrook 2014; 
Sylvester 2018; Cole and Soukhathammavong 2021; Mienmany and Smith 2024). It is 
essential that CF contracts explicitly identify pesticide products along with detailed itineraries, 
including dosages and target pests. This study found that none of the recorded CF contracts 
included such information, leaving farmers generally unaware of the pesticide products they 
are using. Including this information in contracts would provide farmers with clearer guidance, 
reducing the risk of misuse or overuse of pesticides. Moreover, efforts must be made to 
improve the accessibility of pesticide labels. The language barrier often prevents farmers from 
understanding application rate instructions, making them dependent on intermediaries, such 
as pesticide retailers, who may provide inaccurate or exploitative information. This issue is 
particularly pronounced in northern Laos, where many farmers belong to minority ethnic 
groups with lower literacy rates than the majority Lao-Tai. To mitigate this, pesticide labels 
should be made accessible and presented in a clear, user-friendly format. Such efforts should 
be accompanied by a fine-grained analysis of pesticide application patterns to develop 
targeted training programs that are tailored to local agricultural systems and spraying 
practices. 

-​ Establishing a Treatment Frequency Index (TFI) based on pesticide sales could significantly 
improve the monitoring of pesticide usage in Laos. Collaboration with local offices of the 
Ministry of Agriculture and Forestry, including the Oudomxay Provincial Pesticide Task Force, 
has shown that most pesticide distributors—including retailers, marketing agents, and 
field-crop investors—are relatively willing to share information about their pesticide-related 
activities. This willingness provides a valuable opportunity for the Lao Department of 
Agriculture (DoA) and provincial pesticide task forces to implement a system for tracing 
pesticide sales, enabling the annual calculation of a sales-based TFI, similar to processes 
applied in several European countries, including Denmark (Barzman and Dachbrodt-Saaydeh 
2011). A sales-based TFI would complement the pesticide-usage-based TFI presented in this 
study and offer the government a robust and cost-effective framework for monitoring pesticide 
use. Undoubtedly, this would imply addressing the issue of pesticide retailers distributing 
banned substances and unregistered pesticide products.  
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In conclusion, this study underscores the need for comprehensive pesticide management strategies in 
Laos, driven by robust data collection and analysis. A clearer picture of pesticide pressure and its 
environmental impacts can be gained by implementing a combination of TFI methodologies based on 
both usage and sales and leveraging tools such as GIS. Addressing the challenges of pesticide 
overuse and misuse, particularly in ‘high-risk’ areas, requires targeted interventions, improved 
labeling, better understanding and support for farmers in their spraying practices. The collaboration 
between local agricultural authorities and pesticides’ market stakeholders is crucial for enhancing 
monitoring efforts. Ultimately, these measures will foster safer, more sustainable agricultural practices, 
ensuring the health of both the environment and the communities that depend on it. 
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Annexes  
Annex 1. Main characteristics of pesticide compounds used in surveyed farms. 

Intended 
use Chemical class Pesticide name Aerobic Soil Half-life 

(Avg, Days) 

Absorption 
coefficient 
(Koc) 
(L/kg) 

Solubility 
(mg/L) 

WHO 
hazard 
class 

Insecticide 

Neonicotinoid 
Thiamethoxam 229 64 4100 II 

Acetamiprid 10 343 3660 II 
Imidacloprid 997 262 514 II 

Macrocyclic Lactone Emamectin benzoate 211 283000 101 II 
Abamectin 30 5638 - Ib 

Pyrethroid 
Beta-cypermethrin 10 - - Not listed 

Cypermethrin 60 85572 - II 
Lambda-cyhalothrin 25 157 - II 

Organophosphorus Chlorpyrifos 386† 10 - II 

N-Methyl Carbamate Carbaryl 6 375 116 II 
Isoprocarb 11,5† - 270 II 

Pyridazinone Pyridaben 55 67 - II 

Herbicide 

Benzoylcyclohexanedione Mesotrione 18 56 9840 III 

2,6-Dinitroaniline Flumetralin 20 10 0,01† U 
Pendimethalin 90 16 0,33† II 

Triazine Atrazine 146 93 33 III 
Bipyridylium Paraquat dichloride 365† 100000 620000 II 

Chloroacetamide Butachlor 56 700 20 III 

Chlorophenoxy acid 
Methyl 

2,4-dichlorophenoxyacet
ate 

34 46 - II 

Sulfonylureas Metsulfuron-methyl 24 57 2790† U 
Chlorimuron-ethyl 40† 106† 1200† III 

Fungicide 

Strobilurin Pyraclostrobin 136 9300 20 Not listed 
Azoxystrobin 112 581 6 U 

Azole 

Difenoconazole 318 6120 15 II 
Hymexazol 30† 72 63700 III 
Triadimefon 6 365 64 II 

Propiconazole 72 656 100 II 
Organochlorine Chlorothalonil 35 1790 1 U 

Inorganic-Copper Copper acetate 0,1† 1† 72000† Not listed 
Copper sulfate 0,1† 9500† 3,42† II 

Dithiocarbamate Thiram 4,89† 9629 18† II 

Dithiocarbamate-ETU 
Maneb 5 1310 178 U 

Mancozeb 2 6000 6,2† U 
Metiram 1 913 2† U 

Dicarboximide Famoxadone 6 3740 0,059† U 
Benzimidazole Carbendazim 22 223 8 U 

Pyrrole Fludioxonil 102 1610 2 U 
Amide, Pyridine Fluopyram 309† - 16† III 

Anilide Oxadixyl 75 36 3400 II 

Strobin Trifloxystrobin 7 2377 0,61† U 
Kresoxim-methyl 2 437 2 III 

Xylylalanine Metalaxyl-M 60 163 26000 Not listed 

Antibiotic 
Kasugamycin - - - U 
Validamycin 0,2 - 610000 U 

Zhongshengmycin - - - Not listed 

Unclassified 

Moroxydine 
hydrochloride 13 - - Not listed 

Chlorobromo Isocyanuric 
Acid - - - Not listed 

Beta-sitosterol - - - Not listed 
Cuaminosulfate - - - Not listed 

Aliphatic nitrogen Seboctylamine acetate - - - Not listed 
Cyanoacetamide-oxime Cymoxanil 1,7† - 780 II 

Rodenticide Inorganic-Zinc Zinc phosphide 
Brodifacoum 

10,95† 
84 

- 
54000 

0,0014† 
0,0038† 

Ib 
Ia Coumarin 

Molluscicide Aldehyde Metaldehyde 67 35 190 II 
Sources: Kegley et al. 2016 ; Kim et al. 2016 ; European Commission 2017 ; WHO 2020 ; ICA 2021. † Lewis et al. 2016. 
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Annex 2. Imported agricultural pesticide products available in Oudomxay Province 

Product 
identifica
tion 
number 

Intended 
use 

Product identification name Company name (commercialising) Distribution 
channel 

Label 
language 

Chemical name Content Physical 
state 
(solid, 
liquid) 

INS001 Insecticide  Chlorpyrifos cypermethrin Sahaphol Kemekaset Market Thai Chlorpyrifos 50,00% Liquid Cypermethrin 5,00% 
INS002 Insecticide Cypermethrin Viet Thang Co. Market Vietname

se 
Cypermethrin 10,00% Liquid 

INS003 Insecticide Profenofos Sahaphol Kemekaset Market Thai Profenofos 50,00% Liquid 
INS004 Insecticide Emamectin benzoate Shandong Bainongstar Biotechnology Co. CF company Chinese Emamectin 

benzoate 
3,00% Liquid 

INS005 Insecticide Imidacloprid Vaccine Agro Co. Market Thai Imidacloprid 10,00% Liquid 
INS006 Insecticide Chlorpyrifos cypermethrin Contact Group Market Thai Chlorpyrifos 50,00% Liquid Cypermethrin 5,00% 
INS007 Insecticide Abamectin  Agforepax Industries Co. Market Thai Abamectin 1,80% Liquid 
INS008 Insecticide Abamectin Contact Group Market Thai Abamectin 1,80% Liquid 
INS009 Insecticide Carbaryl Sotus Co. Market Thai Carbaryl 85% Solid 
INS010 Insecticide Cypermethrin   Market Thai Cypermethrin 3% Solid 
INS011 Insecticide Abamectin Anqing Boyuan Biochemistry Science & 

Technology Co. 
CF company Chinese Abamectin 5,00% Liquid 

INS012 Insecticide Cypermethrin Formular-A Co. Market Thai Cypermethrin 10,00% Liquid 
INS013 Insecticide Chlorfenapyr emamectin 

benzoate 
Oudomxay Agricultural Development Co. Market Lao Emamectin 

benzoate 
2,00% 

Liquid 
Chlorfenapyr 10,00% 

INS014 Insecticide Beta-cypermethrin emamectin 
benzoate 

Jiangxi Zhengbang Crop Protection Co. Market Lao Beta-cypermethrin 4,00% 
Liquid Emamectin 

benzoate 
0,20% 

INS015 Insecticide Cypermethrin Mask Crop Sine Co. Market Thai Cypermethrin 10% Liquid 
INS016 Insecticide Emamectin benzoate Huizhou Yinnong Technology Co. CF company Chinese Emamectin 

benzoate 
5% Solid 

INS017 Insecticide Emamectin benzoate 
lambda-cyhalothrin 

Kunming Aolym Biotech Co. CF company Chinese Emamectin 
benzoate 

0,20% 
Liquid 

Lambda-cyhalothrin 1,80% 
INS018 Insecticide Abamectin beta-cypermethrin Henan Changjian Biological Technology Co. CF company Chinese Beta-cypermethrin 1% Liquid Abamectin 0,10% 
INS019 Insecticide Acetamiprid pyridaben Shanghai Yuelian Chemical Industry Co. CF company Chinese Pyridaben 21,00% Solid Acetamiprid 21,00% 
INS020 Insecticide Dinotefuran Sotus international Co. Market Thai Dinotefuran 10,00% Solid 
INS021 Insecticide Cypermethrin Vaccine Agro Co. Market Thai Cypermethrin 3,00% Solid 
INS022 Insecticide Chlorpyrifos Master Agrotech Co. Market Thai Chlorpyrifos 40,00% Solid 
INS023 Insecticide Lambda-cyhalothrin Shaanxi Sunger Road Bio-Science Co. Market Chinese Lambda-cyhalothrin 10,00% Liquid 
INS024 Insecticide Fenpropathrin  Zhengbang Biochemical (Lao) Co. Market Lao Fenpropathrin  20,00% Liquid 
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INS025 Insecticide Imidacloprid 
lambda-cyhalothrin 

Shaanxi Sunger Road Bio-Science Co. Market Chinese Lambda-cyhalothrin 2,50% Solid Imidacloprid 5,00% 
INS026 Insecticide Emamectin benzoate Guangxi Baikal Biochemical Products Co. Market Chinese Emamectin 

benzoate 
5,00% Solid 

INS027 Insecticide Chlorpyrifos emamectin 
benzoate 

Zhengbang Biochemical (Lao) Co. Market Lao Emamectin 
benzoate 

1,00% 
Liquid 

Chlorpyrifos 30,00% 
INS028 Insecticide Deltamethrin Bayer Cropscience (China) Co. Market Chinese Deltamethrin 25,00% Liquid 
INS029 Insecticide Carbofuran Guangxi Guotai Agrochemical Co. Market Chinese Carbofuran 3,00% Solid 
INS030 Insecticide Emamectin benzoate 

beta-cypermethrin 
Guangxi Kangsaide Agrochemical Co. Market Chinese Emamectin 

benzoate 
0,30% 

Liquid 
Beta-cypermethrin 2,70% 

INS031 Insecticide Imidacloprid Henan Zhongtianhengxin Biochemistry Science 
and Technology Co. 

Market Chinese Imidacloprid 70,00% Liquid 

INS032 Insecticide Imidacloprid Jiangsu Kesheng Group Co. Market Chinese Imidacloprid 350g/L Liquid 
INS033 Insecticide Emamectin benzoate Huizhou Yinnong Technology Co. Market Chinese Emamectin 

benzoate 
5,00% Liquid 

INS034 Insecticide Emamectin benzoate Shandong Jingbo Agrochemicals Technology 
Co. 

Market Chinese Emamectin 
benzoate 

5,00% Liquid 

INS035 Insecticide Emamectin benzoate Henan Harvest Chemical Co. Market Chinese Emamectin 
benzoate 

3,00% Liquid 

INS036 Insecticide Propoxur permethrin Guilin Baisong Biotechnology Co. Market Chinese Propoxur  0,40% 
Solid Permethrin 0,20% 

INS037 Insecticide Alpha-cypermethrin Ha Thanh Company  Market Vietname
se 

Alpha-cypermethrin 0,75% Solid 

INS038 Insecticide Imidacloprid acetamiprid Red Sun Group Co. Market Vietname
se 

Acetamiprid 125G/kg Solid Imidacloprid 125G/kg 
INS039 Insecticide Cypermethrin Strong Crop Co. Market Thai Cypermethrin 35,00% Liquid 
INS040 Insecticide Carbosulfan Master Agrotek Co. Market Thai Carbosulfan 20,00% Liquid 
INS041 Insecticide Abamectin Nonhkaset Co. Market Thai Abamectin 1,80% Liquid 
INS042 Insecticide Fipronil BASF (Thai) Co. Market Thai Fipronil 5,00% Liquid 
INS043 Insecticide Emamectin benzoate   Market Thai Emamectin 

benzoate 
5,00% Solid 

INS044 Insecticide Beta-cypermethrin Jiangxi Zhengbang Crop Protection Co. Market Chinese Beta-cypermethrin 5,00% Solid 
INS045 Insecticide Fipronil CEO Agritech Co. Market Thai Fipronil 80,00% Solid 
INS046 Insecticide Fipronil Farm Protection Co. Market Thai Fipronil 5,00% Liquid 
INS047 Insecticide Cypermethrin Vithaco Market Vietname

se 
Cypermethrin 100g/L Liquid 

INS048 Insecticide Thiamethoxam  Zhongsun Agri-Science (Lao) Co. Market Lao Thiamethoxam  75,00% Solid 
INS049 Insecticide Emamectin Benzoate Master Agrotek Co. (Distributor) Market Thai Emamectin 

benzoate 
5,00% Solid 

INS050 Insecticide Alpha-cypermethrin 
imidacloprid 

Can Tho Pharmaceutical Co. Market Vietname
se 

Alpha-cypermethrin 10,00% Solid Imidacloprid 50,00% 
INS051 Insecticide Chlorpyrifos cypermethrin S&P Formulator Co. Market Thai Chlorpyrifos 50,00% Liquid 
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Cypermethrin 5,00% 
INS052 Insecticide Acetamiprid Thai Agroshine Co. (Distributor) Market Thai Acetamiprid 2,85% Liquid 
INS053 Insecticide Thiamethoxam  Anhui Huilong Group Youngsun Pesticides Co. CF company Chinese Thiamethoxam  70% Solid 
INS054 Insecticide Imidacloprid Jiangsu Kesheng Group Co. CF company Chinese Imidacloprid 50% Solid 
INS055 Insecticide Emamectin benzoate Nanyang Xinfengda Biological Co. CF company Chinese Emamectin 

benzoate 
3% Liquid 

INS056 Insecticide Imidacloprid isoprocarb Jiangsu Rotam Chemistry Co. CF company Chinese Isoprocarb 27% Solid Imidacloprid 3% 
INS057 Insecticide Lambda-cyhalothrin Dongguan Ruidefeng Biotechnology Co. CF company Chinese Lambda-cyhalothrin 3% Liquid 
INS058 Insecticide Emamectin benzoate Huizhou Yinnong Technology Co. CF company Chinese Emamectin 

benzoate 
5% Liquid 

INS059 Insecticide Emamectin benzoate Huizhou Yinnong Technology Co. CF company Chinese Emamectin 
benzoate 

5% Liquid 

INS060 Insecticide Imidacloprid Nicotex CF company Vietname
se 

Imidacloprid 10% Solid 

INS061 Insecticide Emamectin benzoate Hợp Trí CF company Vietname
se 

Emamectin 
benzoate 

50g/kg Solid 

INS062 Insecticide Abamectin Hợp Trí CF company Vietname
se 

Abamectin 40g/l Liquid 

INS063 Insecticide Acetamiprid Erfu Nongyao Co. Market Chinese Acetamiprid 5% Liquid 
INS064 Insecticide Abamectin acetamiprid Hebei Zhongbao Green Agriculture Crop 

Science Co. 
CF company Chinese Acetamiprid 3% Liquid Abamectin 1% 

INS065 Insecticide Spinetoram Dow AgroSciences CF company Chinese Spinetoram 60g/l Liquid 
INS066 Insecticide Imidacloprid Shandong Jingbo Agrochemicals Technology 

Co. 
CF company Chinese Imidacloprid 20% Liquid 

INS067 Insecticide Cyromazine  Jiangxi Heyi Chemical Co. CF company Chinese Cyromazine  75% Liquid 
HER001 Herbicide Atrazine mesotrione Mingsen Market Lao Atrazine 500g/l Liquid Mesotrione 50g/l 
HER002 Herbicide Glyphosate Sonthong Co. Market Lao Glyphosate 30% Liquid 
HER003 Herbicide Glyphosate Not indicated Market Lao Glyphosate 480G/L Liquid 
HER004 Herbicide Glyphosate Sonthong Co. Market Lao Glyphosate 30% Liquid 
HER005 Herbicide Glyphosate Lianhe Linong Lao Co. Market Lao Glyphosate 41% Liquid 
HER006 Herbicide Glyphosate Jiangxi Zhengbang Crop Protection Co. Market Lao Glyphosate 480G/L Liquid 
HER007 Herbicide Atrazine mesotrione Lianhe Linong Lao Co. Market Lao Atrazine 24% Liquid Mesotrione 6% 
HER008 Herbicide Atrazine mesotrione Jiangxi Zhengbang Crop Protection Co. Market Lao Atrazine 24% Liquid 

Mesotrione 6%  
HER009 Herbicide Phaomai yar Kesan Eagrow Cropscience Lao Sole Co. Market Lao Glyphosate 41% Liquid 
HER010 Herbicide Paraquat dichloride   Market Thai Paraquat dichloride 20% Liquid 
HER011 Herbicide Glyphosate Jiangxi Zhengbang Crop Protection Co. Market Lao Glyphosate 480G/L Liquid 
HER012 Herbicide Glyphosate Mingsen Market Lao Glyphosate 30% Liquid 
HER013 Herbicide Glyphosate Zhongshan Chemical Co. Market Lao Glyphosate 41% Liquid 
HER014 Herbicide Glyphosate Sahaphan Agricultural Promotion Co. Market Thai Glyphosate 48% Liquid 
HER015 Herbicide Atrazine   Market Lao Atrazine   Liquid 
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HER016 Herbicide Atrazine mesotrione Oudomxay Agricultural Development Co. Market Lao Atrazine 20% Liquid Mesotrione 5% 
HER017 Herbicide Glyphosate Not indicated Market Lao Glyphosate 480G/L Liquid 
HER018 Herbicide Glyphosate Oudomxay Agricultural Development Co. Market Lao Glyphosate 88% Solid 
HER019 Herbicide Glyphosate Hebei Shijiazhuang Baofeng Chemical Co. Market Chinese Glyphosate 41% Liquid 
HER020 Herbicide Paraquat dichloride    Market Thai Paraquat dichloride 27,6% Liquid 
HER021 Herbicide Paraquat dichloride Syngenta Market Thai Paraquat dichloride 27,60% Liquid 
HER022 Herbicide Paraquat dichloride Contact Group Market Thai Paraquat dichloride 27,6% Liquid 
HER023 Herbicide Atrazine mesotrione Oudomxay Agricultural Development Co. Market Lao Atrazine 50% Liquid Mesotrione 5% 
HER024 Herbicide Atrazine mesotrione 

nicosulfuron 
Eagrow Market Lao Atrazine 25% 

Liquid Mesotrione 4,50% 
Nicosulfuron 1,50% 

HER025 Herbicide Atrazine mesotrione Oudomxay Agricultural Development Co. Market Lao Atrazine 50% Liquid Mesotrione 5% 
HER026 Herbicide Atrazine mesotrione Oudomxay Agricultural Development Co. Market Lao Atrazine 20% Liquid Mesotrione 5% 
HER027 Herbicide Atrazine mesotrione Mingsen Market Lao Atrazine 500g/L Liquid Mesotrione 50g/L 
HER028 Herbicide Glyphosate  Guarantee Polytrade Co. Market Thai Glyphosate 48% Liquid 
HER029 Herbicide Atrazine mesotrione Eagrow Market Lao Atrazine 20% Liquid Mesotrione 5% 
HER030 Herbicide Glyphosate  Guarantee Polytrade Co. Market Thai Glyphosate 48% Liquid 
HER031 Herbicide - - Market Chinese  2,4-D methyl  5% Liquid  Diquat  35% 
HER032 Herbicide Paraquat dichloride  Pack Agro Chemical Co. (Importer) Market Thai Paraquat dichloride 20% Liquid 
HER033 Herbicide Atrazine mesotrione Oudomxay Agricultural Development Co. Market Lao Atrazine 50% Liquid Mesotrione 5% 
HER034 Herbicide Glyphosate  Oudomxay Agricultural Development Co. Market Lao Glyphosate 41% Liquid 
HER035 Herbicide Paraquat dichloride Pack Agro Chemical Co. (Importer) Market Thai Paraquat dichloride 27,60% Liquid 
HER036 Herbicide Arizone  Major Corporation Market Thai Paraquat dichloride 27,60% Liquid 
HER037 Herbicide Glyphosate  Market Chinese Glyphosate   Liquid 
HER038 Herbicide ZX-Fire-power   Market Lao Glyphosate 41% Liquid 
HER039 Herbicide Butachlor Shandong Kesaijinong Biotechnology Co. Market Chinese Butachlor 50% Liquid 
HER040 Herbicide Metsulfuron-methyl Rainbow International Environment Joint Stock 

Company 
Market Vietname

se 
Metsulfuron-methyl 20% Solid 

HER041 Herbicide Metsulfuron-methyl Hoang Anh Dai Plant Protection Co. Market Vietname
se 

Metsulfuron-methyl 20% Solid 

HER042 Herbicide Glyphosate  Zhou Kou City Xian Da Chemical Co. Market Chinese Glyphosate 80% Solid 
HER043 Herbicide Chlorimuron-ethyl 

Metsulfuron-methyl 
Dupont (Indonesia) Co. Market Thai Chlorimuron-ethyl 10% Solid Metsulfuron-methyl 10% 

HER044 Herbicide Glyphosate  Eagrow Market Lao Glyphosate 80% Solid 
HER045 Herbicide Atrazine 80 Sahaphan Agricultural Promotion Co. Market Thai Atrazine 80% Solid 
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HER046 Herbicide Atrazine Contact Group Co. Market Thai Atrazine 80% Solid 
HER047 Herbicide Atrazine Eagrow Market Lao Atrazine 80% Solid 
HER048 Herbicide Atrazine Thai Herbicide Market Thai Atrazine 80% Solid 
HER049 Herbicide Glyphosate Zhejiang Xinan Chemical Industrial Group Co. Market Chinese Glyphosate 80% Solid 
HER050 Herbicide Butachlor 2,4-D methyl Thai Herbicide Market Thai 2,4-D methyl 3,76% Solid Butachlor 4% 
HER051 Herbicide Flumetralin Zhejiang Hetian Technology Co. CF company Chinese Flumetralin 25% Liquid 
HER052 Herbicide Butachlor 2,4-D methyl Pato Chemical Industry Public Co. Market Thai 2,4-D methyl 3,76% Solid Butachlor 4% 
HER053 Herbicide Glyphosate Ingdao Fengbang Agrochemical Co. Market Chinese Glyphosate 80% Solid 
HER054 Herbicide Atrazine mesotrione Zhejiang Zhongshan Chemical Industry Group 

Co. 
Market Chinese Atrazine 80% Solid 

Mesotrione 15% Solid 
HER055 Herbicide Glyphosate  Gingdao Agro-unitek Cropscience Co. Market Lao Glyphosate 80% Solid 
HER056 Herbicide Glyphosate Jiangsu Good Harvest-Weien Agrochemical 

Co. 
Market Chinese Glyphosate 70% Solid 

HER057 Herbicide Pretilachlor 
Pyrazosulfuron-ethyl 

Shandong Vicome Greenland Chemical Co. Market Chinese Pyrazosulfuron-ethyl 2% Solid Pretilachlor 15% 
HER058 Herbicide Penoxsulam Eagrow Market Lao Penoxsulam 25g/L 

Solid Pyribenzoxim cyhalofop-butyl Cyhalofop-butyl 6% 
Pyribenzoxim 3% 

HER059 Herbicide Glyphosate  Oudomxay Agricultural development Co. Market Lao Glyphosate 41% Solid 
HER060 Herbicide Pretilachlor 

Pyrazosulfuron-ethyl 
Shandong Kesaijinong Biotechnology Co. Market Chinese Pyrazosulfuron-ethyl 2% Solid Pretilachlor  15% 

HER061 Herbicide Pretilachlor 
Pyrazosulfuron-ethyl 

Oudomxay Agricultural development Co. Market Lao Pyrazosulfuron-ethyl 2% Solid Pretilachlor  15% 
HER062 Herbicide Not indicated Not indicated Market Thai Not indicated Not 

indicated Liquid 

HER063 Herbicide Glyphosate Oudomxay Agricultural development Co. Market Lao Glyphosate 41% Liquid 
HER064 Herbicide Haloxyfop-P-methyl Dengfeng Jinbo Pesticide Chemical Co. Market Chinese Haloxyfop-P-methyl 108g/L Liquid 
HER065 Herbicide Glyphosate Zhengbang Market Lao Glyphosate 80% Solid 
HER066 Herbicide Glyphosate Zhengbang Market Lao Glyphosate 80% Solid 
HER067 Herbicide Glyphosate Oudomxay Agricultural development Co. Market Thai Glyphosate 41% Liquid 
HER068 Herbicide Glyphosate Vu Agrothai Co. Market Thai Glyphosate 48% Liquid 
HER069 Herbicide Pretilachlor fenclorim Food Joint Stock Co. Market Vietname

se 
Pretilachlor 300g/L Liquid Fenclorim 100g/L 

HER070 Herbicide Atrazine Chemtrade Co. Market Thai Atrazine 90% Solid 
HER071 Herbicide Quizalofop-P-ethyl  Sahaphan Agricultural Promotion Co. Market Thai Quizalofop-P-ethyl  5% Liquid 
HER072 Herbicide Glyphosate Jiangsu Suhe Agrochemical Co. Market Chinese Glyphosate 95% Solid 
HER073 Herbicide Paraquat dichloride Contact Group Market Thai Paraquat dichloride 27.6% Liquid 
HER074 Herbicide Glyphosate Qingdao Agro-unitek Cropscience Co. Market Lao Glyphosate 41% Liquid 
HER075 Herbicide Gufosinate Allwin Market Lao Glufosinate 20% Liquid 
HER076 Herbicide Atrazine   Market Chinese Atrazine 38% Liquid 
HER077 Herbicide Atrazine Oudomxay Agricultural Development Co.  Market Lao Atrazine 80% Solid 
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HER078 Herbicide Pendimethalin BASF Vietnam CF company Vietname
se 

Pendimethalin 330g/L Liquid 

FUN001 Fungicide Cuaminosulfate hymexazol Sichuan Pepsi Dongwang Biotechnology Co. CF company Chinese Cuaminosulfate 6% Liquid Hymexazol 13% 
FUN002 Fungicide Chlorothalonil Shaan xi Xian Nong biology science Co. CF company Chinese Chlorothalonil 75% Solid 
FUN003 Fungicide 暂无 copper sulfate Sibaishi Dongwang Biotechnology Co. CF company Chinese Copper sulfate 1,20% Liquid Fatty acid mixture 22,80% 
FUN004 Fungicide Chloroisobromine cyanuric 

acid  
Jiangsu Kesheng Group Co. CF company Chinese Chloroisobromine 

cyanuric acid 
50% Solid 

FUN005 Fungicide Pyraclostrobin metiram BASF CF company Chinese Pyraclastrobin 5% Solid Metiram  55% 
FUN006 Fungicide Cymoxanil mancozeb Hebei Zhongbao Green Agriculture Crop 

Science Co. 
CF company Chinese Mancozeb 64% Solid Cymoxanil 8% 

FUN007 Fungicide Trifloxystrobin fluopyram Beier Chemical Group Co. CF company Chinese Fluopyram 21,40% Liquid Trifloxystrobin 21,40% 
FUN008 Fungicide Triadimefon Jiangsu Sword Agrochemicals Co. CF company Chinese Triadimefon 44% Solid 
FUN009 Fungicide Triadimefon mancozeb Shandong Weifang Shuangxing Pesticide Co. CF company Chinese Triadimefon 8% Solid Mancozeb 25% 
FUN010 Fungicide Hymexazol Qingdao Xinrun Biological Technology Co. CF company Chinese Hymexazol 70% Solid 
FUN011 Fungicide Chlorobromo Seboctylamine 

Zhongshengmycin 
Saerfu (Henan) Agrochemical Co. CF company Chinese Chlorobromo 

Isocyanuric Acid 
50% 

Liquid Seboctylamine 
acetate 

1,80% 

Zhongshengmycin 3% 

FUN012 Fungicide Famoxadone cymoxanil Mengzhou Guang Nong Hui Ze Biotechnology 
Co. 

CF company Chinese Famoxadone 22,5% Solid Cymoxanil 30% 
FUN013 Fungicide Azoxsystrobin chlorothalonil Syngenta Crop Protection AG  CF company Chinese Chlorothalonil 500G/L Liquid Azoxsystrobin 60G/L 
FUN014 Fungicide Cymoxanil mancozeb Hangzhou Nutrichem Co. CF company Chinese Mancozeb 64% Solid Cymoxanil 8% 
FUN015 Fungicide Moroxydine hydrochloride 

copper acetate 
Shandong Luobang Bio-Technology Co. Market Chinese Moroxydine 

hydrochloride 
10% 

Solid 
Copper acetate 10% 

FUN016 Fungicide Maneb Sahapol Kemekaset Market Thai Maneb 80% Solid 
FUN017 Fungicide Mancozeb Hebei Wante Biochemical Co. CF company Chinese Mancozeb 80% Solid 
FUN018 Fungicide Copper oxychloride 

kasugamycin 
Zhengbang Market Lao Kasugamycin 5% Solid Copper oxychloride 45% 

FUN019 Fungicide Zhongshengmycin Zhengbang Market Lao Zhongshengmycin 3% Solid 
FUN020 Fungicide Triadimefon Jiangsu Sword Agrochemicals Co. CF company Chinese Triadimefon 44% Liquid 
FUN021 Fungicide Fludioxonil metalaxyl-M Syngenta Nantong Crop Protection Co. CF company Chinese Metalaxyl-M 37,5% Liquid Fludioxonil 25% 
FUN022 Fungicide Fludioxonil metalaxyl-M Zhengbang Market Lao Chlorothalonil 720g/L Liquid 
FUN023 Fungicide Fentin acetate Zhejiang Heben Pesticide and Chemicals Co. Market Chinese Fentin acetate  45% Solid 
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FUN024 Fungicide Mancozeb Shaanxi Shangge Road Bioscience Co. Market Chinese Mancozeb 80% Solid 
FUN025 Fungicide Difenoconazole  Syngenta Nantong Crop Protection Co. CF company Chinese Difenoconazole 10% Solid 
FUN026 Fungicide Hymexazol Zhengbang Biochemical (Lao) Co. CF company Lao Hymexazol 15% Liquid 
FUN027 Fungicide Kasugamycin Shandong Aodely Chemicals Co. CF company Chinese Kasugamycin 2% Liquid 
FUN028 Fungicide   Difenoconazole   Jinan Taihe Chemical Industry Co. CF company Chinese Difenoconazole 40% Liquid 
FUN029 Fungicide Chlorothalonil  Shandong Huayang Pesticide Chemical Group 

Co. 
CF company Chinese Chlorothalonil 75,00% Solid 

FUN030 Fungicide Thiram carbendazim Tai' an Baofeng Pesticide Co. CF company Chinese Thiram 25% Solid Carbendazim 25% 
FUN031 Fungicide Mancozeb oxadixyl  Syngenta (Suzhou) Crop Protection Co. CF company Chinese Oxadixyl 8% Solid Mancozeb 56% 
FUN032 Fungicide Chlorothalonil  Shaanxi Tunpsion Biological Technology Co. CF company Chinese Chlorothalonil 40% Liquid 
FUN033 Fungicide Kasugamycin Shanxi Xinyuan Huakang Chemical Co. CF company Chinese Kasugamycin 2% Liquid 
FUN034 Fungicide  β-sitosterol  Shaanxi Sunger Road Bio-science Co. CF company Chinese β-sitosterol 0,06% Liquid 
FUN035 Fungicide Difenoconazole 

kresoxim-methyl  
Shandong Guihe Biotechnology Co. CF company Chinese Difenoconazole 30,00% Solid Kresoxim-methyl 50,00% 

FUN036 Fungicide Hymexazol Tianjin Luheng Chemical Co. CF company Chinese Hymexazol 98,00% Solid 
FUN037 Fungicide Zhongshengmycin Fujian Kaili Bio-product Co. CF company Chinese Zhongshengmycin 3,00% Solid 
FUN038 Fungicide Plant activator protein 

oligosaccharins 
Hebei Zhongbao Green Agriculture Crop 
Science Co. 

CF company Chinese Oligosaccharins 3,00% 
Solid Plant activator 

protein 
3,00% 

FUN039 Fungicide Moroxydine hydrochloride Shanghai HKC Co. CF company Chinese Moroxydine 
hydrochloride 

20,00% Solid 

FUN040 Fungicide Mancozeb, metalaxyl-M  Syngenta Crop Protection AG Co. CF company Chinese Metalaxyl-M 4,00% 
Solid Mancozeb 64,00% 

FUN041 Fungicide Fludioxonil  Syngenta Nantong Crop Protection Co. CF company Chinese Fludioxonil 25,00% Solid 
FUN042 Fungicide Validamycin Nicotex CF company Vietname

se 
Validamycin 10,00% Solid 

FUN043 Fungicide  Chlorothalonil  Shanghai HKC Co. CF company Chinese Chlorothalonil 75,00% Solid 
FUN044 Fungicide Difenoconazole propiconazole Syngenta (Suzhou) Crop Protection Co. CF company Chinese Propiconazole 150G/L Liquid Difenoconazole 150G/L 
FUN045 Fungicide Prochloraz Jiangxi Zhengbang Crop Protection Co.  CF company Chinese Prochloraz 45% Liquid 
FUN046 Fungicide Moroxydine hydrochloride Guangxi Kangsaide Agrochemical Co. CF company Chinese Moroxydine 

hydrochloride 
5,9% Liquid 

FUN047 Fungicide Benzisothiazolinone 
tebuconazole 

Xi'an Hytech Agrochemicals Co. CF company Chinese Benzisothiazolinone 2,0% Liquid Tebuconazole 25,0% 
ROD001 Rodenticide Zinc phosphide Mitsomboon Co. Market Thai Zinc phosphide 80% Solid 
ROD002 Rodenticide Brodifacoum Wuhan Liushi Co. Market Chinese Brodifacoum 0,005% Solid 
ROD003 Rodenticide Thiram carbofuran 

carbendazim 
Hubei Huangshi Shuangshuo Co. Market Chinese Thiram 10% 

Solid Carbofuran 10% 
Carbendazim 10% 

ROD004 Rodenticide Bromadiolone Dawei Chemical Plant of Shangqiu Market Chinese Bromadiolone 0,01% Solid 
ROD005 Rodenticide Bromadiolone Shaanxi Qinle Pharmaceutical Chemical Co. Market Chinese Bromadiolone 0,005% Solid 
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ROD006 Rodenticide Zinc phosphide Muangthong Agriculture Co. Market Thai Zinc phosphide 80% Liquid 
ROD007 Rodenticide Bromadiolone Dalian Experimental Chemical Industry Co. Market Chinese Bromadiolone 0,005% Solid 
ROD008 Rodenticide Brodifacoum Jiangsu Province Siyang County Rat Poison Market Chinese Brodifacoum 0,005% Solid 
ROD009 Rodenticide Thiram carbofuran 

carbendazim 
Heilongjiang Hefukang Pesticide Manufacturing 
Co. 

Market Chinese Thiram 10% 
Solid Carbofuran 10% 

Carbendazim 10% 
MOL001 Molluscicide Metaldehyde Shandong Kailinong Biotechnology Co. Market Chinese Metaldehyde 6% Solid 
MOL002 Molluscicide Metaldehyde Lion Agrevo (Jiangsu) Co. Market Chinese Metaldehyde 6% Solid 
MOL003 Molluscicide Metaldehyde Sotus international Co. Market Thai Metaldehyde 5% Solid 
MOL004 Molluscicide Metaldehyde Yong Jia Agriculture Co. Market Chinese Metaldehyde 6% Solid 
MOL005 Molluscicide Metaldehyde Contact Group Market Thai Metaldehyde 5% Solid 
MOL006 Molluscicide Fentin acetate Oudomxay Agricultural Development Co. Market Lao Fentin acetate 45% Solid 
MOL007 Molluscicide Niclosamide ethanolamine  Guangxi Tianyuan Biochemical Co. Market Chinese Niclosamide 

ethanolamine  
50% Solid 

OTH001 Micro-organi
sm 

- Heilongjiang HuabioZhushu Co. CF company Chinese - - Liquid 

OTH002 Micro-organi
sm 

Trichoderma Harzianum  Piaohe Lefeifeng Agricultural Development Co. Market Chinese - - Solid 

OTH003 Micro-organi
sm 

- Henan Haonansheng Fertilizer Co. Market Chinese - - Solid 

OTH004 Micro-organi
sm 

Paccilomyces lilacinus   CF company Thai -  - Solid 

OTH005 Micro-organi
sm 

Trichoderma Viride  Hao Meite Co.  CF company Chinese - - Solid 
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