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Pesticide Efficiency and Determinants of Overuse: 

A comparison between rice and fruit production in Vietnam

Introduction

Over 4.1 million tonnes of pesticides were used in agriculture worldwide in 2017, nearly 

doubling over the last three decades (FAOSTAT). Pesticide use has long been important 

for the development of agricultural production in emerging and developing countries like 

Vietnam.

Source: The Voyage to Vietnam Project

This study investigates efficiency of pesticide use on Vietnamese rice and fruit farms and 

identifies important factors affecting overuse, using a farm level dataset of the whole 

country. In doing so, it provides the first assessment of pesticide use efficiency in 

Vietnamese farming. Moreover, it adds to the scarce literature on the determinants of 

pesticide overuse in agriculture. 

Methodology

The study is implemented in two steps. In the first step, we use a data envelopment 

analysis (DEA) approach to examine efficiency scores of output, productive inputs, and 

damage control inputs like pesticides in the production of rice and fruits, respectively. A 

directional distance function is employed to empirically estimate these scores.

Consider N farms producing output (Y), each uses variable inputs (X), fixed inputs (Q), 

and damage control inputs such as pesticides (Z). The optimization problem for farm “i” is:     

Max  σ𝑖
𝑁 (𝛽1𝑖 + 𝛽2𝑖 + 𝛽3𝑖) subject to:

σ𝑌′𝜆 ≥ 𝒚𝒊 (1 + 𝛽1𝑖) (i)
σ𝑋′𝜆 ≤ 𝟏 − 𝜷𝟐𝒊 𝒙 (ii)
σ𝑄′𝜆 =𝒒 (iii)
σ𝑍′𝜆 ≤ 1 − 𝛽3𝑖 𝒛 (iv)
σ𝜆 = 1 (v)

where β1i, β2i, and β3i are the technical inefficiency scores of output, variable inputs, and 

pesticides with respect to the farm “i“; and λ represents an intensity vector.

In the second step, we utilize the procedure suggested by Ball et al. (1994, 2004)  to 

determine farms who overused pesticides in the sample. Then, a probit regression model 

is employed to predict the likelihood of overuse based on observable farm/farmer 

attributes such as: gender, age, education, household size, economic status, off-farm 

income, agri-business sideline, credit constraint, and region (locational factor). 

Lan Tran (LanTran@mail.Missouri.edu), Teo Skevas (SkevasT@Missouri.edu), and

Laura McCann (McCannL@Missouri.edu), University of Missouri-Columbia

Table 3 reports estimated marginal effects obtained by the probit model for each crop. 

Overall, there are several differences between rice and fruit farms’ overuse of pesticides. 

Overusing rice farms are more likely to be from the Mekong Delta (the “rice bowl” of Vietnam) 

rather than other areas. Higher off-farm income also is associated with overuse of pesticides 

in rice. However, farms or households that are considered “poor” are less likely to overuse 

pesticides in both rice and fruit production, indicating a potential affordability issue. In fruit 

production, age, education, and credit constraint are significant factors affecting overuse.   

The empirical analysis uses data from the Vietnamese Household Living Standard Survey 

2016 (VHLSS2016). The survey was implemented at the national level and includes 5520 

farmer households randomly sampled from the total of 33,480 active farms. All agricultural 

crops produced in Vietnam are included in the dataset, categorized as rice, fruit trees, 

industrial crops, staples, non-staple food crops, and others. Farms producing rice and fruit 

tree crops are selected for this study for the following reasons: (1) While rice farms 

represent 63% of all pesticide use, the biggest expenditure for the average fruit farm is 

pesticides; (2) Rice is the primary crop in Vietnam in terms of both area and number of 

farmers, but fruit export growth is the largest in recent years.  

Since multi-cropping is common in Vietnam’s agriculture, and the data does not separate 

expenses by crop, we develop a strategy to identify rice versus fruit farms: the income 

coming from the main crop is required to be greater than 80% of total farm income. This 

results in a sample of 1526 observations including 1368 rice and 158 fruit crop farms. 

Results and discussion

Figures 1 and 2 show technical efficiency scores for output, variable inputs (V-inputs), 

and pesticides for rice and fruit farms, respectively. About 69% of rice farms are highly 

or fully efficient regarding output (scores > 0.9), while a large group of farms are very 

inefficient in using pesticides (scores < 0.6), implying considerable scope for 

improvements in the pesticide use.  Conclusions

Data

The study confirms overuse of pesticides in both rice and fruit production (more than 30% of  

farms in both cases). There is potential for improvement in pesticide efficiency, especially in 

rice production, which would reduce input costs and also reduce environmental impacts.

Pesticide overuse in rice is more likely in the Mekong Delta than in other regions, but that is 

not the case for fruit. It should be noted that the findings for poverty, off-farm income and debt 

could indicate pesticide affordability issues.

Further research, with additional data, is needed to examine crop-specific pesticide 

availability and price by region to explain the conflicting results for the Mekong Delta.  

Rice and fruit are major crops in Vietnam, and 

they are also dominant in domestic pesticide 

consumption (VFVA, 2018). While benefits from 

pesticides are important, their costs are 

irrefutable.  Excessive and improper (even illegal) 

uses are concerning because that causes:

- A large number of severe chronic poisoning 

cases (e.g. Dasgupta et al., 2007)

- Degradation of the environment (Toan et al. 

2013)

- Inefficiencies in agricultural production 

(Klemick and Lichtenberg, 2008)
- Potential losses in agricultural exports (notably 

the U.S. rejection of Vietnamese rice in 2018) 

and other relevant products (Tam et al. 2016).

Thus, there has been increasing interest in the  

examination of pesticide efficiency in these crops 

and identification of determinants of overuse. 

However, there has been little research on this 

topic from the farmer perspective in Vietnam or 

other Asian developing countries.    

Table 1. Summary statistics

Results and discussion (continued)

In fruit production, about 30% of farms have relatively low pesticide efficiency scores

(scores < 0.6), while most farms operate close to or on the best practice frontier (scores

> 0.9). The mean pesticide efficiency of fruit farms is around 70%, implying that it would

be possible to reduce pesticides used by almost 30% on the average fruit farm.

Table 2 provides a comparison between estimated shadow prices and the observable

market price for pesticides, by crop. Overall, the shadow price of pesticides was found

to be lower than the market price, indicating overuse of the inputs. By this definition,

33.8% of rice farms and 38.6% of fruit farms overused pesticides.

Table 3. Marginal Effects of Determinants on Overuse 




