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Abstract 20 

Agronomic practices such as fertilizer application or seed rates have been known to affect rice 21 

pests and damage, but the evidence is often blurred in studies on pest management decisions 22 

and invisible in studies on pesticide lock-in. Combined agronomic practices and pesticide use 23 

may create technological lock-in, occurring when the combination has accumulated 24 

advantages over time which encourages its continued use, even if better options are available. 25 

We present results from a survey among farmers (N=400) from five provinces in Cambodia. 26 

We asked about field-level, agronomic practices and applied a regression analysis to 27 

determine whether these practices affect pesticide application. Farmers from the selected 28 

provinces produce rice intensively, particularly those in provinces in the Mekong Delta where 29 

a percentage of farmers would aim for three crops per year. 30 

Cambodian farmers in the five sampled provinces rely on pesticides for pest control with an 31 

average of 2-5 applications each for herbicide and insecticide, and 1-6 applications of 32 

fungicide per season. Farmers from the Mekong Delta, particularly Prey Veng Province, made 33 

more pesticide applications. Interestingly, of nine agronomic practices tested, six were found 34 

to significantly correlate with no applications as in organic management recommendations, as 35 

well as misuse of pesticides. Varied combinations of agronomic practices including seed rate, 36 

crop establishment method, seed treatment, cultivating larger landholdings, irrigation through 37 

gravity irrigation system, and number of fertilizer applications predicted herbicide, insecticide 38 

and fungicide application. Interactions varied across wet and dry season. Pesticide use makes 39 

sense to farmers given a specific combination of agronomic practices. Therefore we argue that 40 

field-level agronomic practices contribute to pesticide lock-in as much as wider innovation 41 

system conditions such as trade and regulation of pesticides.  42 

These findings imply that addressing the pesticide lock-in to facilitate a shift to more 43 

sustainable practices, such as Integrated Pest Management, should not only aim at broader 44 

innovation systems or industry level changes. There are adjustments and fine-tuning of 45 

agronomic practices that also need to be made to wean farmers from pesticide reliance. 46 

 47 

 48 
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1. Introduction 51 

There are important relationships between agronomic practices and pest management for rice. 52 

Agronomic practices, such as planting synchrony or fertilizer application, affect pest intensity 53 

and damage (e.g. Reddy et al. 1979, Holt and Chancellor 1997, Thien et al. 1999, Htwe et al. 54 

2013). Studies on decisions for pest management, however, often fail to clarify the effects of 55 

such field-level interactions and how they are connected to farm operations. Moreover, 56 

analysis of pest management practices often highlight causes external to the field; such as 57 

demographic characteristics (Matsukawa et al. 2016), beliefs (Heong and Escalada 1999), 58 

knowledge gaps relating to extension (Heong 1999), pesticide availability and associated 59 

regulations (Parveen and Nakagoshi 2001), or costs and benefits of pest management choice 60 

(Mumford and Norton 1984). These factors are indeed at play and are important. However, 61 

without addressing operational practices of farmers, it remains unclear how such external 62 

factors interact with field-level pesticide management. Of particular interest are the practices 63 

of farmers in the Mekong Delta, where farmers produce rice intensively in a vulnerable 64 

wetland ecosystem. 65 

A particular strand of literature considers pest management to be affected by technological 66 

lock-in. Originally, the idea of technological lock-in emerged from the economics of 67 

technology adoption. This literature defines lock-in as the use of incumbent tools and 68 

practices (technologies) that accumulate economic and cultural advantages, making the shift 69 

to alternative technologies difficult or costly (Arthur 1989, Perkins 2003). As the technology 70 

is adopted and spread, in this case pesticides, the technique co-evolves with socio-economic 71 

conditions that created accumulated advantages and thereby a lock-in (Cowan and Gunby 72 

1996, Foxon 2013). This lock-in is a stable social and technical configuration where the 73 

technology is linked to, for example, existing policies and distribution networks, together 74 

creating incentives for use that an alternative technology would not have. Furthermore, 75 

pesticide lock-in has been found inherent in the innovation system, affected by factors such as 76 

markets, regulations, and extension services (Vanloqueren and Baret 2007). Lock-in is also 77 

found to be induced by the economic decisions of the farmer because of gender, education, 78 

sources of information, and crops cultivated (Wagner et al. 2016). Another factor contributing 79 

to lock-in is the way in which the chemical industry produces and markets pesticides (Joly 80 

and Lemarie 2002). A field-level study by Spangenberg et al. (2015) attributes lock-in effects 81 

to the specific pest management response of farmers towards pest pressures, in particular 82 

insecticide use triggering more insecticide use than necessary. While these forces may indeed 83 

be at play, the effect of interrelated agronomic practices at field level on pest management 84 

practices remains overlooked. Little is known about how the aggregate of agronomic practices 85 

for rice cultivation such as fertilizer use, seed rates, or rice varieties contributes to the way 86 

farmers decide to use pesticides. 87 

The aim of this paper is to examine whether field-level agronomic practices, i.e. different 88 

operations by which farmers manage their crop, affect pesticide use. By examining field 89 

operations of Cambodian rice farmers, we aim to develop insights on what these field-level 90 

agronomic practices could mean for the debate on pesticide lock-in.  91 

 92 
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1.1 Agronomic practices that create conducive conditions for pests  94 

For this study, we hypothesize that agronomic practices, defined as particular sets of field 95 

operations, affect the pesticide use of farmers. This hypothesis is based on field studies 96 

looking into agronomic practices that affect pest populations and crop damage. 97 

One important field operation is the application of synthetic fertilizer. Nitrogen in particular 98 

has a direct effect on the intensity of diseases and pest injuries by affecting the plant anatomy 99 

and physiology. Nitrogen increases the susceptibility of the plant by reducing cellulose and 100 

lignin, which provide mechanical barrier against pathogens and insect pests (Koyama 1955, 101 

Matsuyama 1975, Huber et al. 2012). Nitrogen also reduces the amount of phenols (Kiraly 102 

1964, Matsuyama and Dimond 1973), which are among the defensive substances in plant cell 103 

walls that inhibit the survival of pathogens and sap feeders, such as green leafhoppers and 104 

brown planthoppers (Vaithilingam and Baskaran 1985). Another effect of excess amount of 105 

nitrogen is a prolonged vegetative stage of the crop (Vergara et al., 1964) which increases the 106 

infectious period of foliar diseases and favors insect pests that normally attack young tissues. 107 

High nitrogen increases the fitness and consequent population of planthoppers (Lu et al. 2004, 108 

Lu and Heong 2009).   109 

Another field operation is crop establishment, which implicates seeding rate or plant spacing. 110 

High rice plant density through higher seeding rate or closer spacing in transplanting is used 111 

for weed suppression (Ahmed et al. 2014; Chauhan et al. 2011) but a likely effect is that it 112 

increases the intensity of diseases and insect pest injuries. High nitrogen and seeding rates 113 

create a closed canopy and dense plant structure that extends leaf wetness duration and 114 

promotes a favorable microclimate for pathogens and insect pests (Savary and Castilla, 2013). 115 

These conditions also reduce the search efficiency of natural enemies of insect pests (De 116 

Kraker et al., 2000).  117 

Variety choice is an important factor for crop diseases. Obviously, varieties without resistance 118 

are more vulnerable (Heinrichs et al. 2017). The use of resistant varieties affects insect 119 

populations and their damage to the rice crop (Cohen et al. 1997, Alam and Cohen 2003). 120 

Also water management and planting date affects populations of rice pests such as water 121 

weevil and stink bugs (Albuquerque 1993, Stout et al. 2002). Yet another factor is planting 122 

synchrony. Asynchronous planting is reported to increase the population of insect pests 123 

(Loevinsohn et al. 1993) and to increase the incidence of tungro disease (Holt and Chancellor 124 

1997, Cabunagan et al. 2001) because it allows continued host availability. In the same way, it 125 

affects rodent populations because breeding of rodents continue as long as there are rice crops 126 

(Htwe et al. 2013).  127 

Additionally, many weed related issues have emerged where scarce and expensive labor 128 

conditions have caused a shift in crop establishment methods from conventional puddled 129 

transplanted rice (PTR) to direct seeding of rice (DSR). Greater weed infestation results in 130 

higher risk of yield losses and consequently leads to increased use of herbicides for weed 131 

control in DSR (Pandey and Velasco 2002, Ikeda et al. 2008, Martin et al. 2017). The shift 132 

from PTR to DSR also increases the intensity of some insect pests and diseases, such as 133 

brown planthopper and brown spot (Savary et al. 2005). 134 
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In this paper we focus on particular agronomic practices, which are known to affect pest 135 

incidence or damage, and assess their effect on pest management practices. Thus, factors such 136 

as yield, profitability as well as farm characteristics were considered constant. 137 

 138 

2. Methods  139 

2.1 Survey of farmers from five provinces 140 

We interviewed 80 farmers from each of the following five provinces in Cambodia: 141 

Battambang, Kampong Thom, Prey Veng, Takeo and Pursat to understand their current crop 142 

management practices. These sites represent intensive lowland rice production areas in the 143 

country (Figure 1), specifically Prey Veng and Takeo which are in the Mekong Delta. These 144 

delta provinces are of particular interest for pest management because farmers here have 145 

greater access to irrigation water and can produce more rice crops per year. 146 

Two villages from each province were selected for the survey. The villages were selected for 147 

having intensively cultivated rice areas (at least two rice crops per year), access to irrigation, 148 

short distance to a research station where extension advice is available, and accessibility by 149 

road. Although similar for all provinces, the three other provinces that are not in the Mekong 150 

Delta have different ecological conditions owing to their proximity to the Tonle Sap Lake and 151 

differing access to irrigation. The two villages are located in different districts of each 152 

province. From a list of farmers in each village, we randomly sampled 40 for interviews in 153 

late 2016. Questions were on the characteristics of the farms and crop management practices 154 

ranging from land preparation to harvest. The emphasis of the survey was to understand the 155 

pest management and input use of farmers during the wet and dry seasons of 2015 to 2016. 156 

One limitation in this survey method was that many farmers could not recall the amount of 157 

organic fertilizer (e.g. cow manure) they applied on their fields. For all respondents, organic 158 

fertilizer data was excluded in the analysis, although the total number of applications included 159 

all organic and inorganic fertilizer applications. 160 

Informed consent was obtained from all farmers surveyed. Prior to the survey, focus group 161 

discussions and key informant interviews were done to obtain qualitative data on farming 162 

practices in the villages, and to pre-test the questionnaire. Data on pest management practices 163 

were analysed using descriptive statistics.  164 

 165 
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166 
Figure 1. Map of Cambodia showing location of villages surveyed in five provinces  167 

 168 

2.2 Statistical analysis  169 

Through analysis of means, we found the most commonly practiced pest management action 170 

was the use of pesticides; and specifically herbicides, insecticides and fungicides. This 171 

concurs with results of previous studies on pesticide use in Cambodia by Matsukawa et al. 172 

(2017). We thus further analysed the agronomic practice variables that could have affected 173 

such pesticide use.  174 

We used multinomial logistic regression (MLR) to examine which agronomic practices have 175 

an effect on categories of pesticide application. MLR takes maximum likelihood estimations 176 

to predict the probabilities of different possible outcomes of a categorical dependent variable 177 

(such as pesticide use), given a set of independent categorical, binary, or numeric variables 178 

(Tabanick et al. 2001, Madhu et al. 2014). This approach provides robust findings with easily 179 

interpretable diagnostics, without the conditional data assumptions such as multivariate 180 

normality, and equal variance and co-variance (Tabanick et al. 2001, Chan 2005).   181 

We compared between categories, rather than actual number of applications. The categories 182 

are defined according to specific recommendations. One category is no pesticide application 183 

which is recommended for organic rice production. Another category allows for a minimal 184 

number of applications, such as those promoted by the Sustainable Rice Platform (SRP, Stuart 185 

et al. 2018). This also relates to existing recommendations if pesticides are needed (IRRI 186 

2015, IRRI et al. 2017). These research-based recommendations provide scope for adjustment 187 

Battambang Kampong Thom

Pursat

Takeo

Prey Veng
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based on the field conditions being faced by the farmer. The third category is not 188 

recommended but represents practices where farmers misuse pesticides. We use the term 189 

misuse considering both number of application and timing of applications. In the SRP 190 

recommendations, an important consideration is also the timing of the application, e.g. ‘no 191 

insecticide application in the first 40 days’, ‘no fungicide application after flowering stage’, or 192 

‘herbicide should be applied early, before the crop canopy closes, no application after 193 

40DAS’ (SRP 2015, Stuart et al. 2018). The categorization considers that there are ideal 194 

situations where farmers would not apply any pesticide, but then there are also situations that 195 

cover a range within as well as beyond the acceptable number of applications. We defined 196 

categories for herbicide and insecticide applications as follows: Organic = 0 applications, SRP 197 

= 1-2, and Pesticide misuse = 3 or more. For fungicide application: Organic = 0 applications, 198 

SRP = 1, and Pesticide misuse = 2 or more. In the SRP recommendation for fungicide, 199 

application is only when needed with no application after the flowering stage (Stuart et al. 200 

2018). We used sustainable practice as the base outcome for comparative analysis between an 201 

ideal practice of not using pesticide (no application as in organic recommendations) and the 202 

practice of pesticide misuse. 203 

For the model, we tested varied agronomic variables from practices theorized to have an 204 

effect on the intensity of pest damage. The variables used in the model were coded in Stata 205 

(Stata IC 13.1) and are described in Table 1. 206 

 207 
Table 1. Coded variable names and definitions used for regression analysis. 208 
Variable Description 

Herbicide application  Number of herbicide applications categorized : 0 = recommended for organic 
production, no applications, 1 = SRP* recommendation, with no more than 2 
applications, and 2 = pesticide misuse, ≥3 applications 

Insecticide application  Number of insecticide applications; 0 = recommended for organic production, 
no applications, 1 = SRP* recommendation, with no more than 2 applications, 
and 2 = pesticide misuse, ≥3 applications 

Fungicide application  Number of fungicide applications; 0 = recommended for organic production, no 
applications, 1 = SRP* recommendation, no more than 2 applications with no 
applications after flowering stage, and 2 = pesticide misuse, ≥2 applications 

CE method Crop establishment method, 0 = puddled transplanted rice (PTR), 1 = direct 
seeded rice (DSR) 

Seed treatment Mixing the seeds with pesticides, 0 = with seed treatment, 1 = no seed treatment 

Seed rate Amount of seeds used per hectare (in kilograms) 

Cultivar resistance** Variety used in the specific parcel was susceptible to insect pests and disease; 
where 0 = susceptible 1 = not susceptible (resistant cultivar) 

Landhold  Total area cultivated 

Parcels Number of parcels (plots) cultivated as indication of different cultivars or 
agronomic activities farmers have to balance per season 

Use gravity irrigation If source of water is through gravity irrigation system (planting synchrony could 
be induced by irrigation scheduling); 0 = no, 1 = yes 

Fertilizer application Total number of organic and chemical fertilizer applications  
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N_kg ha-1 Total nitrogen in kilograms per ha applied per season, in the form of chemical 
fertilizers 

*Recommended for sustainable production through the Sustainable Rice Platform (SRP) standards, see Stuart et al. in this issue; **Identified resistant cultivars 209 
based on variety characteristics documented by Ouk et al. (2017)  210 

 211 

Farmers’ practices were significantly different across wet and dry seasons, thus a total of six 212 

separate MLR analyses were run testing the agronomic variables on herbicide, insecticide and 213 

fungicide application categories in wet and dry seasons. For each model, we first tested for 214 

multi-collinearity by running simple correlations and partial correlations among the 215 

independent variables (Mustapha et al. 2017).  This test resulted in exclusion of variables in 216 

specific models where there was collinearity of the data. We also ran a simple least squares 217 

regression analysis to check all remaining independent variables for multicollinearity, through 218 

a variance inflation factor (VIF) test. The VIF with values >10 means that there are variables 219 

that are multicollinear. The VIF values for the six MLR analyses showed no multicollinearity 220 

among independent variables.  221 

 222 

3. Results 223 

3.1. Farmers’ current pest management practices 224 

The interviewed farmers are largely pesticide reliant. In the different provinces, only up to 9% 225 

of farmers adopted cultural methods, which directly target the pests and remove these through 226 

manual or mechanical means. These include hand weeding, manual picking of snails, and rat 227 

hunting (Figure 2). Most farmers applied herbicides and insecticide. Although there is 228 

considerable variation within provinces, more farmers from Prey Veng and Takeo used 229 

insecticides, while more farmers in Battambang and Prey Veng used herbicides, than those 230 

from other provinces. 231 

 232 

 233 

Figure 2. Percentage of farmers who implemented specific pest management strategy for a) Dry 234 
and b) Wet season 2015-16 (N=400) in five provinces of Cambodia 235 
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 236 

Of the farmers who applied pesticides, they averaged 2 to 5 applications of herbicide and 237 

insecticide, whereas molluscicide use was low (Table 2). The highest number of pesticide 238 

applications was observed among farmers in Prey Veng. In many cases, farmers mixed 239 

different types of pesticides (usually herbicide and insecticide) within one application. 240 

Rodenticides are used across all provinces; and while not many farmers apply rodenticides 241 

(Figure 2), some farmers made 14 applications in one season (Table 2).  242 

  243 

Table 2. Mean number of applications with minimum and maximum applications for farmers 244 
using pesticides, and standard deviation (SD) by province, for each pesticide in the dry and wet 245 
seasons in 2015-16. 246 

Province 

Herbicide Insecticide Fungicide Molluscicide Rodenticide 

min, max min, max min, max min, max min, max 

Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet 

Battambang 3 (1.6) 3 (0.2) 4 (2.0) 2 (0.3) 4 (1.4) 2 (0.3)     4 (1.9) 2 (0.1) 

  1,9 1,9 1,9 1,11 2,7 1,4     2,9 1,3 
Kampong 
Thom 4 (2.4) 2 (0.1) 5 (2.5) 2 (0.2) 5 (1.3) 1 (0.2)     7 (3.6) 2 (0.4) 

  1,14 1,4 1,14 1,5 2,6 1,2     2,14 1,12 

Prey Veng 5 (2.0) 2 (0.1) 5 (2.0) 4 (0.4) 6 (1.8) 2 (0.7) 5 (1.6) 1 (0.1) 5 (3.2) 
1 

(0.20) 

  1,10 1,6 1,10 1,15 2,9 1,16 2,8 1,2 3,9 1,3 

Takeo 4 (2.7) 2 (0.2) 5 (2.8) 3 (0.3) 3 (0.5) 2 (0.5)   1 (0) 8 (3.1) 2 (0.3) 

  1,11 1,7 1,11 1,7 3,4 1,3   1,1 2,11 1,3 

Pursat 3 (1.3) 2 (0.1) 4 (1.6) 2 (0.3) 5 (1.5) 1 (0.2)     4 (1.6) 1 (0.2) 

  1,7 1,6 2,8 1,5 3,8 1,2     1,6 1,2 
*Value in parentheses is standard deviation; Wet season data published in Flor et al. 2018 247 

 248 

3.2. Agronomic practices of Cambodian farmers 249 

Most farmers established their rice crop through broadcast DSR. Of the farmers surveyed, 250 

87% established their crop through broadcast DSR in the wet season, and it increased to 99% 251 

in the dry season. Farmers in Cambodia used high seed rates ranging from 175 kg ha-1 in 252 

Pursat to 327 kg ha-1 in Prey Veng in the dry season (Fig. 3a). In the wet season, seed rates 253 

ranged from 150 kg ha-1 in Battambang and Pursat to 313 kg ha-1 in Prey Veng (Fig. 3b). 254 

Among surveyed farmers, only 3% applied seed treatments prior to sowing. 255 
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 256 

Figure 3. Seed rate (kg ha-1) used by Cambodian farmers in the a) dry and b) wet seasons 2015-257 
16 by province; Error bars: +/-2 SE 258 

 259 

Among the preferred varieties in the wet season were long-duration and photoperiod-sensitive 260 

varieties, such as Phka Rumduol, Phka Kgney, and Riang Chey (Table 3). These are 261 

traditional varieties sourced by farmers and exchanged between farmers rather than through 262 

certified seed producers. Of the farmers surveyed, 69% used farmers’ saved seeds, 8% 263 

exchanged from other farmers, and only 8% used certified seeds. There were short duration 264 

varieties, such as Sen Kra Oub and IR66, that were also grown in the dry season.  265 

In the dry season, farmers in most provinces planted IR50404 and OM4900, which are short 266 

duration varieties. These two varieties were introduced through informal exchanges with 267 

neighbouring Vietnam. The seeds for the dry season crop were mostly sourced from saved 268 

seeds of the farmers (65%), exchanged from other farmers (11%) and certified seeds (5%). 269 

 270 

Table 3. Top three varieties planted by farmers in each province, dry and wet season 2015-16 271 

Season Battambang Kampong Thom Takeo Prey Veng Pursat 

Dry Sen Kra Oub IR50404* IR50404* IR50404* Sen Kra Oub 

Srov Sro Nge OM4900** IR66 IR66 Phka Malis 

IR50404*   OM4900**   Somaly 
Wet Sen Kra Oub OM4900** Phka Kgney IR50404* Somaly 

Phka Rumduol IR50404* IR50404* Phka Rumduol Phka Rumduol 

Neang Khon Phka Rumduol Phka Rumduol IR66 Riang Chey 
*Locally, IR50404 is also known as ‘504’, and **OM 4900 is also ‘4900’ or ‘4900 Kro Mom Yourn’ 272 
 273 

Within and between villages, farmers used different sources of irrigation water. About 76% of 274 

the farmers surveyed depend on their own pumps, and 11% of the farmers are part of a gravity 275 

irrigation system. The latter typically results in synchronous planting. An examination of their 276 

planting dates (coded by week) per village indicated a broad spread of planting dates across 277 

the year (Figure 4). In some villages such as Thom and Sdao in Prey Veng, farmers started 278 

their cropping season at various times throughout the year, and there is no clear fallow period. 279 
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In comparison, for O Kunthor Tbong in Kampong Thom, where more farmers rely on the 280 

gravity irrigation system, farmers planted within the same period. 281 

 282 

 283 
Figure 4. Incidence of crop establishment in each village across weeks in a year, by irrigation 284 
source used in 2015-2016. (Abbreviated names of provinces: PS=Pursat, PV=Prey Veng, TK=Takeo, 285 
KT=Kampong Thom, BB=Battambang) 286 

 287 

Farmers applied organic and chemical fertilizer between 3-5 times in one cropping season 288 

(Table 4). For all provinces, the farmers applied an average of 98.1 kg ha-1 N (±1.2 SE) in the 289 

dry season, and 84.5 kg ha-1 (±1.2 SE) in the wet season (details per province in Table 4). In 290 

Battambang, the farmers applied amounts lower than the recommended rates, but in all other 291 

provinces the farmers applied higher N compared to recommended rates (Table 4). The total 292 

quantity of fertilizers included in the number of applications in Table 4 covered a wide range 293 

of commercial organic fertilizers. Some farmers also mentioned manure, liquid foliar, and 294 

hormone fertilizers, but these were not included in the analysis since many farmers could not 295 

remember the amount they applied.  296 

 297 

  298 
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Table 4. Mean number of fertilizer applications, with total nitrogen rates in kg ha-1 (S.E. mean) 299 
for dry and wet seasons 2015-16, including the common soil type and recommended fertilizer 300 
rates for each type 301 

Season Province 
No. of 

applications 
Total N*  
(kg ha-1) 

Common soil 
type** 

Recommended rate 

(N-P-K kg ha-1) 

    
 

Blair and 
Blair (2014) CARDI 

Dry 

Battambang 4 (0.09) 82.1 (3.5) Toul Samrong 86-30-10 83-35-0 
Kampong Thom 4 (0.07) 92.2 (2.4) Prateah Lang 67-24-16 50-23-30 

Takeo 3 (0.07) 110.8 (3.1) 

Toul 
Samrong1, 

Prateah Lang2 

86-30-10 
67-24-16 

83-35-0 
50-23-30 

Prey Veng 5 (0.06) 105.8 (1.7) Prateah Lang 67-24-16 50-23-30 

Pursat 4 (0.07) 95.2 (2.6) 
Prateah Lang, 

Bakan3 
67-24-16 
73-64-20 

50-23-30 
55-23-0 

Wet 

Battambang 3 (0.09) 64.3 (1.9) Toul Samrong 86-30-10 83-35-0 
Kampong Thom 3 (0.07) 81.8 (3.0) Prateah Lang 67-24-16 50-23-30 

Takeo 3 (0.05) 99.7 (3.1) 

Toul 
Samrong1, 

Prateah Lang2 

86-30-10 
67-24-16 

83-35-0 
50-23-30 

Prey Veng 4 (0.07) 97.4 (1.8) Prateah Lang 67-24-16 50-23-30 

Pursat 3 (0.05) 77.0 (2.5) 
Prateah Lang, 

Bakan3 
67-24-16 
73-64-20 

50-23-30 
55-23-0 

*Total N does not include manure and N from growth activators since many farmers could not recall the amount; ** 302 
Common soil type in the villages included in the survey, identified by PDAFF extension staff; 1Soil type in Kandaul Village, 303 
Takeo, 2Soil type in Rovieng Village, Takeo, 3In both sites in Pursat, most fields have Prateah Lang, but Bakan soil type is 304 
also common. 305 

 306 

3.3. Effect of agronomic practices on pesticide use 307 

3.3.1 Effect on herbicide application 308 

MLR identified the agronomic variables that were likely predictors of pesticide misuse 309 

relative to base outcome (SRP recommended practice); and these were area of cultivated plots 310 

in the wet season, as well as number of parcels and use of gravity irrigation in the dry season 311 

(Table 5, p values <0.05). More frequent herbicide applications were also correlated with 312 

larger cultivated areas in the wet season. These farmers were more likely to have more 313 

herbicide applications in the dry season if they cultivated fewer parcels and used gravity 314 

irrigation. Comparing between SRP practice and organic or zero herbicide applications, the 315 

significant predictors were crop establishment method, seed rate, size of landholding 316 

cultivated by the farmer, and the total number of fertilizer applications (Table 5, p values 317 

<0.05). Crop establishment had a negative coefficient which means higher herbicide 318 

application (misuse) is associated with DSR. A lower seed rate is however associated with no 319 

herbicide application. Moreover, farmers with small landholdings and a low number of 320 

fertilizer applications also score low in herbicide applications (Table 5).  321 

  322 
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3.3.2 Effect on insecticide application 323 

The number of fertilizer applications were significant predictors of insecticide misuse in both 324 

seasons, but seed rate was also significant in the dry season (Table 5, p values <0.05). A 325 

greater number of fertilizer applications was correlated with a high number of insecticide 326 

applications. This is the same for wet and dry season. Similarly, high seed rate in the dry 327 

season correlated with high insecticide use (Table 5, p values <0.05). 328 

Conversely, lower seed rates and lower numbers of fertilizer application, as shown by the 329 

coefficients, also correlated with no insecticide use (Table 5, p values <0.05). Seed rate 330 

however, was significant only in the wet season. 331 

 332 

3.3.3. Effect on fungicide application 333 

For fungicide misuse, only the number of fertilizer applications for the dry season was 334 

significant (Table 5, P<0.05). Greater numbers of fertilizer applications was associated with 335 

more frequent fungicide application.  336 

No fungicide application, seed treatment, size of landholding, and number of fertilizer 337 

applications were associated in the wet season (Table 5, p values <0.05). This shows that 338 

when farmers cultivate smaller plots, they rarely use seed treatment, and have fewer fertilizer 339 

applications, they are more likely to also not apply fungicide. For the dry season, only smaller 340 

land size was associated with no application of fungicide (Table 5, p value <0.05). 341 

 342 
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Table 5. Multinomial logistic regression results on the effect of agronomic practices on no application (organic recommendations) and high application 
(pesticide misuse) of herbicide, insecticide and fungicide by Cambodian farmers from six provinces for wet and dry season 2015-2016. 

  Herbicide application Insecticide application Fungicide application 

  Wet Season                                        
No. of observations: 371, LR 
chi2 (12): 109.6, Prob>chi2: 

0.0000, Log likelihood: -298.19 

Dry Season                                                          
No. of observations: 336, LR 
chi2 (14): 35.2, Prob>chi2: 

0.0014, Log likelihood: -275.37 

Wet Season                                        
No. of observations: 371, LR 
chi2 (10): 153.1, Prob>chi2: 

0.0000, Log likelihood: -305.72 

Dry Season                                                          
No. of observations: 336, LR 

chi2 (8): 75.9, Prob>chi2: 
0.0000, Log likelihood: -309.87 

Wet Season                                        
No. of observations: 371, LR 
chi2 (16): 64.6, Prob>chi2: 

0.0000, Log likelihood: -148.37 

Dry Season                                                          
No. of observations: 336, LR 
chi2 (10): 24.7, Prob>chi2: 

0.0060, Log likelihood: -215.12 
  Coeff S.E. P>|z| Coeff S.E. P>|z| Coeff S.E. P>|z| Coeff S.E. P>|z| Coeff S.E. P>|z| Coeff S.E. P>|z| 

Organic (zero application) 
CE Method -1.00 0.36 0.006 -1.17 1.48 0.427 -0.48 0.45 0.280 -14.51 645.5 0.982 - - - - - - 

Seed 
treatment -1.71 0.74 0.021 - - - - - - - - - 1.78 0.77 0.021 0.51 0.84 0.541 

Seed rate 0.00 0.00 0.005    -0.01 0.00 0.000 0.00 0.00 0.127 0.00 0.00 0.237 0.00 0.00 0.344 

Cultivar 
resistance - - - 0.83 0.56 0.139 - - - - - - 1.79 1.06 0.092 1.01 1.05 0.338 

Total area -0.45 0.13 0.000 -0.20 0.12 0.102 -0.11 0.06 0.060 -0.11 0.08 0.150 -0.21 0.07 0.004 -0.10 0.05 0.048 

Number of 
parcels 0.20 0.12 0.105 0.13 0.17 0.448 - - - - - - 0.33 0.19 0.080 - - - 

Use gravity 
irrigation - - - -0.12 0.66 0.852 - - - - - - -0.45 0.84 0.591 - - - 

No. fertilizer 
application -0.41 0.15 0.005 -0.04 0.13 0.734 -0.52 0.14 0.000 -0.48 0.16 0.003 -0.43 0.16 0.006 -0.09 0.12 0.468 

Total N - - - 0.00 0.00 0.408 0.00 0.00 0.203 - - - 0.00 0.00 0.778 - - - 

SRP* (minimal application)                                                                                                                                   (base outcome) 
Pesticide misuse  
CE Method 15.08 801.34 0.985 11.31 649.30 0.986 0.23 0.73 0.756 -0.44 948.53 1.000 - - - - - - 

Seed 
treatment 0.10 1.13 0.931 - - - - - - - - - 15.75 1076.28 0.988 -0.09 1.07 0.931 

Seed rate 0.00 0.00 0.254 - - - 0.00 0.00 0.457 0.00 0.00 0.018 0.00 0.00 0.281 0.00 0.00 0.217 

Cultivar 
resistance - - - -0.42 0.68 0.535 - - - - - - 0.63 1.47 0.668 0.29 1.47 0.842 

Total area 0.11 0.06 0.048 0.07 0.06 0.233 -0.08 0.06 0.218 0.00 0.04 0.967 -0.11 0.12 0.345 -0.05 0.08 0.555 

Number of 
parcels -0.24 0.13 0.064 -0.45 0.16 0.004 - - - - - - 0.19 0.26 0.457 - - - 

Use gravity 
irrigation - - - 1.07 0.38 0.005 - - - - - - 0.58 1.10 0.597 - - - 

No. fertilizer 
application -0.06 0.12 0.636 -0.17 0.11 0.119 0.36 0.12 0.003 0.47 0.10 0.000 -0.04 0.22 0.850 0.34 0.16 0.033 

Total N - - - 0.00 0.00 0.274 0.00 0.00 0.356 - - - 0.01 0.01 0.291 - - - 

*Based on recommendations for sustainable production from the Sustainable Rice Platform (SRP); see Stuart et al, in this issue for details. 
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4. Discussion 328 

Cambodian farmers in varied rice agro-ecosystems across five provinces were reliant on 329 

pesticides. Farmers from provinces in the Mekong Delta, especially Prey Veng, applied high 330 

amounts of pesticides. Agronomic practices that significantly relate to high pesticide 331 

application were identified, although these varied for herbicide, insecticide and fungicide 332 

application. There was also variation across wet and dry seasons. 333 

Misuse of herbicide was associated with larger cultivated areas, which can be explained by a 334 

greater need for labor with weed management (Table 5). Herbicide misuse was also associated 335 

with water management, in particular managing fewer plots and reliance on gravity irrigation 336 

systems in the dry season.  Conversely, PTR as a method of crop establishment, low seed rate, 337 

low fertilizer application and smaller cultivated area were associated with no herbicide use. 338 

However, these latter characteristics were rarely found. The agronomic practice most found 339 

combines high seed rates, direct seeding and high fertilizer applications (Figure 3 and Table 340 

4). A reason to use a high seed rate is to suppress weed growth, and thus should reduce 341 

herbicide use. In contrast, our results show that high herbicide use and high seed rate go 342 

together. One explanation is that rice seed is notoriously contaminated with weed seeds; on 343 

average, 1072 weed seeds can be found in one kg of rice seed (Chhun et al. 2019). An 344 

assumed relation between high seed rates and low weed pressure is thus dependent on low 345 

seed contamination. Cleaning seed can be labor intensive as farmers do not use mechanical 346 

seed cleaners; therefore costs for seed cleaning may easily exceed the costs of herbicide 347 

application. Many studies have reported that herbicide use has increased in Southeast Asian 348 

countries, where the practice of DSR has widely replaced PTR (Kumar et al. 2017; Razmi et 349 

al. 2017; Khanh et al., 2006; Marsh et al., 2009). 350 

Recently, Cambodian farmers rapidly shifted from PTR to DSR to address issues of rising 351 

labor scarcity and increasing wages (Chhim et al. 2015, Martin et al. 2017). DSR is however 352 

prone to higher weed infestation compared to PTR. With PTR, transplanting ~30 day-old 353 

seedlings gives rice competitive advantage over germinating weeds. Also, flooding after 354 

transplanting helps to suppress the initial flush of weeds at the early growth stages. There is 355 

thus a disadvantage in use of DSR. In addition, any lack of control over irrigation water 356 

further compounds this disadvantage. Without the capacity to control the irrigation and 357 

drainage of water, farmers are constrained with weed management. Flooding for weed control 358 

depends on the amount of available water, and the capacity to manage the water, i.e. flood and 359 

drain the rice field at the required moment. Without alternative techniques for weed control 360 

related to DSR early in the season, the practice of herbicide-based weed control is more 361 

attractive to farmers. The availability of labour, and alternative skills and techniques for weed 362 

control when using direct seeding, requires much more attention and has implications for 363 

herbicide use (Pandey and Velasco 2002, Ikeda et al. 2008).  364 

Our analysis shows that cultivating a smaller area, and low number of fertilizer applications is 365 

a significant predictor of zero herbicide use. A small cultivated area could imply that farmers 366 

implement hand weeding, and consequently may not rely on herbicide. Furthermore, there are 367 

proven relationships between correct method, timing, and number of fertilizer applications 368 

that is beneficial to rice (e.g. Cassman et al 1998, Ahmed et al. 2016). Fewer fertilizer 369 

applications may be more efficient, allowing the rice to be more competitive than weeds and 370 

thus suppress herbicide use. That low seed rate is also associated with zero herbicide 371 
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applications could be confounded by the many trade-offs faced by a farmer. Farmers with a 372 

small landholding and access to labor are able to do PTR and use low seed rates without 373 

herbicide application. PTR requires a lower seed rate than DSR, but farmers who use DSR 374 

often use higher seed rates for weed suppression (Kumar and Ladha 2011). This complexity in 375 

integrating different techniques, in a context of labor scarcity, underscores the need to search 376 

for smart and viable crop establishment practices that match well with reduced herbicide use.  377 

Insecticide misuse was significantly associated with high seed rates and high number of 378 

fertilizer applications (Table 5). High seed rates and high frequency of fertilizer applications 379 

produce dense canopies which can positively influence incidence of pest injuries (Savary and 380 

Castilla 2013), and push farmers to reduce pest intensity (Spangenberg et al. 2015, Savary et 381 

al. 2011). Farmers from Prey Veng Province, in the Mekong Delta, consistently had higher 382 

seed rates, insecticide use and fertilizer applications during the wet and dry seasons (Tables 2 383 

and 4, Figure 3). 384 

Notably, gravity irrigation, which could be related to synchrony of cropping, as well as rates 385 

of N fertilizer application, were not found to be significant predictors of insecticide misuse. It 386 

was rather the higher number of fertilizer applications, which includes application of nitrogen, 387 

phosphorus and potassium that was related to insecticide use. This aligns more closely with 388 

studies by Rashid et al. (2017), wherein higher N and P fertilizer rates positively affected 389 

fitness traits of brown planthopper. That the rates of N fertilizer do not seem to be associated 390 

with high insecticide application in our sample could be due to two possible causes. One 391 

likely cause is that the total N was affected by the exclusion of organic fertilizer application 392 

(mostly manure) in the analysis. In this case the total number of fertilizer application, rather 393 

than total N, was a better measure of the practice of fertilizer application. Another could be 394 

that factors from outside the field such as influential local sellers who recommend calendar 395 

insecticide spraying may have stronger weight on the decision for insecticide application (Flor 396 

et al., in press). In addition, the cultivars planted by farmers were not found to be significant 397 

predictors of their insecticide use. When checked against recorded released varieties in 398 

Cambodia (Ouk et al. 2017), the commonly planted cultivars were susceptible to pests (e.g. 399 

brown plant hopper). 400 

In comparison, zero insecticide application is associated with low seed rates and low fertilizer 401 

applications, which further confirms our findings on the interrelatedness of insecticide use 402 

with seed rates and fertilizer application (Table 5). Low level of fertilizer applications have 403 

been shown to decrease a rice plant’s suitability and attractiveness as a habitat and food 404 

source for a number of herbivorous pests. Adult leaffolder moths (Cnapalochrocis medinalis), 405 

for example, lay fewer eggs when they feed on plants with low level fertilizer rate as larvae 406 

(Ge et al. 2013). The survival rate of leaffolder larvae is also lower on rice plants that were 407 

given lower amounts of N fertilizer (De Kraker et al. 2000). Consequently, when given a 408 

choice, adult leaffolder moths prefer to lay eggs on plants that express effects of high N 409 

fertilizer rate (De Kraker et al. 2000). Lu et al. (2004) showed a similar effect in reverse 410 

conditions. Low N application rate in rice reduced the presence of the brown planthopper 411 

(Nilaparvata lugens) because nymphs feeding on rice plants with low N had a longer 412 

development period and lower chances of survival. The adult hoppers laid fewer eggs during 413 

their lifespan. Low fertilizer rates thus appear to lower the attractiveness of  rice as a host for 414 

herbivorous insects, which may result in lower pest populations and, in turn, affect farmers’ 415 

decision of whether to apply an insecticide or not.  416 



17 
 

Fungicide misuse was significantly associated with number of fertilizer applications (Table 5). 417 

This was most prominent in the dry season, when farmers also had a higher frequency of 418 

foliar fertilizer application (Table 4). Notably, almost every farmer (99%) used DSR. Their 419 

fungicide use may be attributed to the occurrence of fungal diseases, such as leaf blast, neck 420 

blast (Chou et al., in press), brown spot and narrow brown spot (Castilla et al., in press) in 421 

direct-seeded fields. High fertilizer application may also result in dense canopies that create 422 

favorable conditions for diseases (Savary and Castilla, 2013), resulting in farmers opting to 423 

apply fungicides. A study by Savary et al. (2000) also observed practices of intensive rice 424 

monoculture and high chemical input in the Mekong Delta compared to other rice-growing 425 

sites in tropical Asia. The study furthermore observed medium fertilizer applications (mean of 426 

129-162 kg ha-1) associated with higher intensity of diseases such as brown spot and bacterial 427 

leaf blight. 428 

Conversely, zero fungicide application was related to seed treatment, small size of cultivated 429 

plots and low number of fertilizer application (Table 5). Seed treatment is not widely 430 

practiced by farmers and untreated seeds are typically used in higher quantities. Farmers 431 

increase the seed rate, rather than treat the seeds, as precautionary measure against seed 432 

damage. The combination of high seed rate, high fertilizer application, and no seed treatment 433 

would favor the incidence of disease, which by the time symptoms are evident, the farmers 434 

would resort to fungicide. This shows how, when farmers cultivate a smaller area, apply seed 435 

treatment, and have fewer fertilizer applications, they are less likely to apply fungicide. 436 

Apparently, farmers consider available options for disease control, either through applying 437 

fungicides or biological control agents as seed treatment, but may not consider such methods 438 

effective. Other studies found that foliar spray of fungicide is more effective in reducing the 439 

secondary spread of brown spot and leaf blast than seed treatment (Agarwal et al. 2014). In 440 

the dry season, only smaller land size was a significant predictor for no application of 441 

fungicide (Table 5).  442 

In sum, the clear correlations we found between particular forms of pest management and 443 

agronomic practices are underpinned by social and technical conditions that make specific 444 

practices more preferable for farmers. This makes our study relevant for future research on the 445 

one hand, and for agricultural policies and extension services on the other. Our study, 446 

informed by a theoretical framework that hypothesized a technological lock-in effect at the 447 

farm level, revealed several connections that provide a solid basis for studies that further 448 

explore specific mechanisms and their effects on pest control practices. Moreover, this 449 

framework encourages interdisciplinary projects that further look into combined effects of 450 

bio-chemical, agronomic, and socio-economic factors. Our results also suggest that 451 

agricultural policies and extension services should pay more attention to how recommended 452 

practices create interlocking mechanisms. Specific practices and preferred operations might be 453 

beneficial in isolation but result in adverse outcomes due to emerging effects in the 454 

complexity and variety of specific agro-ecologies. A clear example from our study is the 455 

connection between increased use of insecticide and direct seeding. In Cambodian conditions 456 

where labor has become scarce and expensive (Chhim et al. 2015, Martin et al. 2017), farmers 457 

would tend to adopt DSR. Observably, Cambodian farmers using DSR also tend to use high 458 

seed rates that in turn strongly relate to high insecticide use. Although it may be better for 459 

farmers to use less seeds, because seed rate and DSR can increase the incidence and spread of 460 

insect pests and disease (Ishii-Eiteman and Power 1997, Horgan 2017), it is not easy for 461 

farmers to do so. More so because farmers seem to use high seed rates as a form of weed 462 
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control. Herein is an example of a configuration of the social and technical aspects where 463 

labor conditions, DSR and high seed rates are linked with pesticide use.  464 

Finally, our results show the importance of continuous efforts for developing and adjusting 465 

alternative technologies such as Integrated Pest Management (IPM). IPM has been introduced 466 

in Cambodia for the past two decades with proven benefits (Ngin et al. 2017). Rice IPM 467 

covers techniques and tools to prevent damaging levels of pests and minimize the need for 468 

curative tactics such as pesticides (Heinrichs et al. 2017). For insect pests, this can include 469 

tactics such as synchronous planting, use of light traps, biological control agents, or selective 470 

use of insecticide. Farmers may opt for insecticides, instead of using it only as the last resort; 471 

not because they do not know or like IPM, but rather they are also making trade-offs that 472 

connect their choice of pest management with various agronomic practices. 473 

 474 

5. Conclusion 475 

We tested whether field level agronomic practices of Cambodian farmers were related to their 476 

pesticide-based pest management, and the the possible role of these practices in the 477 

technological lock-in of pesticides. Combinations of agronomic practices were significantly 478 

associated with herbicide, insecticide and fungicide application including seed rate, crop 479 

establishment method, water management in gravity irrigation systems, size of landholding 480 

cultivated, number of fertilizer applications, and seed treatment. These field-level practices, 481 

associated with the decisions of farmers on pest management, are therefore important factors 482 

to consider in easing out of the pesticide lock-in. Notably, there are limits where decisions 483 

may not be only influenced by agronomic factors but rather by external factors, such as 484 

economic tradeoffs, available information, and habits. In conceptual terms, the path-485 

dependency to control pest through the use of pesticide not only relates to factors inherent in 486 

the production, distribution and application of pesticides, but also includes a wider set of 487 

agronomic factors in rice cultivation. 488 

These findings have implications for alternative technology packages such as Integrated Pest 489 

Management. To counter pesticide lock-in and shift to more sustainable systems, there are 490 

adjustments that need to be made on field-level agronomic practices, not only in the level of 491 

innovation systems, such as changes in policies, industry for alternative technologies and 492 

extension interventions.  493 
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