
Australian Journal of Crop Science | 20(05):399-412 (2026) | Page 399 

Australian Journal of Crop Science 

Article | https://doi.org/10.21475/ajcs.26.20.05.pne149 | 20(05):399-411 (2026) 
Submitted: 06 October 2025 | Revised: 22 December 2025 | Accepted: 21 March 2026 

 

Prioritization of pesticides used in sugar beet crop in a 
semi-arid region of Morocco 
 

Majda ouhajjou1*, Mohamed Edahbi2, Taoufik El Rasafi3, Hanaa Hachimi4, Abdelmajid Haddioui1 
 

1Laboratory of Agro-Industrial and Medical Biotechnologies, Faculty of Science and Techniques, University of 
Sultan Moulay Slimane, Beni Mellal, Morocco 
2Higher School of Technology (ESTFBS), Sultan Moulay Slimane University, Beni Mellal, Morocco. 
3Health and Environment Laboratory, Faculty of Sciences Ain Chock, Hassan II University, Casablanca, B.P 
5366, Maarif, Casablanca, Morocco 
4Laboratory of Advanced Systems Engineering, National School of Applied Sciences ENSA, Ibn Tofail 
University Campus, Kenitra 14000, Morocco 
 
*Corresponding author: Majda.ouhajjou@usms.ac.ma 

 
Abstract 

Non-ecological and intensive agriculture is one of the main sources of drinking water contamination by pesticides. The 
impacts of pesticides on water quality are unknown for the majority of used pesticides and their detection is based on 
monitoring studies. However, these studies are confronted with the choice of pesticides to monitor in priority and the cost and 
time necessary to carry out such studies. This study aims to generate a list of priority pesticides for surface water and 
groundwater quality monitoring. To meet this objective, the pesticide prioritization approach adopted in this study is based 
on pesticide use data for sugar beet in the irrigated perimeter of Tadla in central Morocco, in combination with pesticide 
mobility and toxicity data accessible through the Pesticide Properties Database. Five indices are calculated to characterize and 
classify each pesticide from the initial list: quantity index, environmental exposure potential, toxicity potential, hazard 
potential, and weighted toxicity potential. This approach resulted in a final list of 16 pesticides. The ethofumesate, lenacil, et 
cyproconazole were identified as the pesticides with the most toxic effects on human health based on toxicity potential. 
Lenacil and metamitron are the pesticides with the highest risk based on hazard potential. The pesticides chlorpyrifos-ethyl, 
metamitron, lenacil, ethofumesate, phenmedipham and tefluthrin were identified with the highest weighted toxicity potential. 
The final list of priority pesticides obtained can serve as a basis for establishing a program to monitor pesticide residues in 
surface and groundwater in this intensive agricultural area. 

 
Keywords: Priority pesticide, quantity, mobility, toxicity, irrigated perimeter of Tadla (IPT). 

 
Introduction 
 
The rapid increase in the world's population has led to a huge demand for food, which challenges farmers to increase food 
production (Tudi et al. 2021). Several solutions have been used to face this pressure, such as the application of modified seeds, 
precision agriculture technologies, agricultural robots and extensive use of pesticides against crop pests (Bongiovanni and 
Lowenberg-Deboer 2004; Reichenberger et al. 2007; Singh et al. 2020). However, uncontrolled pesticide use may lead to 
serious environmental problems. Pesticide residues are ubiquitous and can contaminate several compartments such as water, 
air, and soil or be transferred to the food chain (Vryzas 2018; Rasool et al. 2022), thus compromising the ecological balance 
and biodiversity (Mu et al. 2023; Vullo et al. 2023). Pesticide properties, climatic conditions, and management practices all 
influence the pathways of loss of pesticides and their potential for sorption, degradation, and dissipation in the environment 
(Farha et al. 2016). Moreover, pesticide mobility is affected by processes such as volatilization, plant uptake, and runoff and 
leaching, depending on soil type and environmental conditions (Farha et al. 2016). 
Pesticide residues represent a major concern for human health in intensive agricultural areas (Guilpart et al. 2022). Their 
effects are cumulative and can be felt over the long term (Cedergreen 2014; Bjergager et al. 2017) depending on the type and 
pesticide dose (Kolakowski et al. 2020; Dcunha et al. 2023; An et al. 2023), the way of exposure (Kim et al. 2023), and the 
individual sensitivity (Huang et al. 2023). High levels of pesticides can cause severe health issues such as alteration of lipid 
and carbohydrate metabolism, disruption of the endocrine system (Wang et al. 2022), alteration of the neuronal metabolism 
(Huang et al. 2022) and disruption of liver function (Ojo et al. 2020). Moreover, several health problems (cancer, endocrine 
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disorders, nervous system damage, and reproductive problems) observed in workers applying pesticides have been linked to 
exposure to pesticide residues (Joseph et al. 2022; de Graaf et al. 2022). 
Serious efforts have been made to assess human health risks associated with pesticide exposure in water (Narita et al. 2014, 
2021; Yu et al. 2019; Liu et al. 2022), and prioritization is one of the proposed methods. Prioritization of pesticides is generally 
based on their persistence and mobility (Dabrowski et al. 2014; Valcke et al. 2005), taking into consideration their toxicity and 
environmental risks (Narita et al. 2021). Moreover, the application history of pesticides, especially when no local monitoring 
data is available, is an essential indicator to compare their leaching and runoff risks and determine the most prioritized ones 
(Örtl 2019). 
The Tadla Plain is located in central Morocco and has high agricultural importance. It is characterized by a semi-arid to arid 
climate and low rainfall. This zone is one of Morocco's oldest and largest irrigated perimeters, with more than 100,000 ha of 
irrigated land. The main irrigated crops include cereals, olives, citrus and sugar beet (Baite et al. 2021). For sugar beet, more 
than 12,500 ha are irrigated, ensuring the production of 880,000 tons, which is almost 25% of the national production of 
white sugar. This high white sugar production is associated with high use of various kinds of pesticides which may cause a 
severe contamination of soils, groundwater and surface water. To the best of our knowledge, pesticide residue monitoring has 
not been conducted previously, nor has a list of pesticides been generated to form the basis of any monitoring program in this 
region. 
This work aims to identify and prioritize pesticides in order to develop a monitoring program for pesticide residues in surface 
water and groundwater within the area where sugar beet is grown in the irrigated perimeter of Tadla irrigation. The final list 
of priority pesticides will form the basis for planning pesticide residue monitoring programs in areas of sugar beet expansion 
and an assessment of its environmental impact at the same time. 
 
Results 
 
Prioritization of pesticides used in sugar beet cultivation 
In this study, the approach adopted to prioritize the pesticides is based on a method that combines the properties of the 
pesticides (including the GUS index, toxicological effects) accessible through the phytosanitary database (PPDB, 2023), 
together with the data on pesticide use obtained from the previously conducted survey on sugar beet cultivation, covering a 
total area of 333 hectares in the rural commune of Sidi Jaber in the IPT. This approach allowed the generation of a list of 
prioritized pesticides used in sugar beet cultivation, through the calculation of four indices (Table 1): Quantity Index (QI), 
Toxicity Potential (TP), Hazard Potential (HP), and Weighted Hazard Potential (WHP) specific to each pesticide from the initial 
list. The generated priority pesticide list consists of 16 pesticides (Table 2). 

Quantity Index (QI): The initial list of pesticides consisted of 28 pesticides with a total quantity of 1585.914 kg. The total 
quantity of the 16 priority pesticides according to the five four indices is 1526.347 kg. This represents more than 90% of the 
total quantity of pesticides reported in the survey. The top ten pesticides in the list of the QI are considered to be the most 
widely used pesticides in the surveyed area. Chlorpyrifos-ethyl alone accounts for more than 50% of the total amount of 
pesticides used. It is used in approximately 86.4% of the surveyed area. The most commonly used herbicides are metamitron, 
ethofumesate, phenmedipham and desmedipham. These herbicides were in use on over 90% of the sugar beet farms in the 
survey. Tefluthrin and bifenthrin are also in widespread use, but their areas of application are smaller. The areas of 
application of the pesticides lenacil, indoxacarb, cyproconazole and thiophanate-methyl are significant (62.04%, 38.63%, 26% 
and 23.13%, respectively) in relation to their relatively low application rates.  

Toxicity Potential (TP): The toxicological data on endocrine disruption, neurotoxicity, developmental toxicity, 
carcinogenicity, and mutagenicity of the pesticides obtained from (PPDB, 2023) allowed the creation of the TP index for each 
the toxic effect, potentially capable of causing the toxic effect, not causing any toxic effect, or no current data to assess the 
pesticide's potential to cause the toxic effect. It should be noted that abamectin is not included in this radial diagram due to 
the unavailability of data for this pesticide in the database. The results obtained for this index allowed the classification of the 
following pesticides ethofumesate (TP=31), lenacil (TP=29), cyproconazole (TP=29), indoxacarb (TP=29), metamitron 
(TP=27), propaquizafop (TP=25), epoxiconazole (TP=25), tetraconazole (TP=25), chlorpyrifos-ethyl (TP=24), tefluthrin 
(TP=23) as the pesticides with the most toxic effects on human health. In fact, bifenthrin and metamitron are classified as 
endocrine disrupters (PPDB, 2023). Epoxiconazole is considered to be carcinogenic (PPDB, 2023). The pesticides 
chlorpyrifos-ethyl and tefluthrin are considered neurotoxic, as is indoxacarb. thiophanate-methyl, epoxiconazole, gamma-
cyhalothrin, alpha-cyhalothrin, chlorpyrifos-ethyl, and desmedipham are classified as developmental toxicants, as is 
cycloxidim from the initial list. According to the Pesticide Properties Database, none of the pesticides are considered 
mutagenic (PPDB, 2023). 
 
Environmental exposure potential (EEP): The EEP is an index that provides information on the potential of a pesticide to 
reach water resources through runoff or leaching. The EEP allowed to generate three categories of pesticides: those with high  
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Table 1. Initial list of pesticides classified according to their quantity index (QI), toxicity potential (TP), hazard potential (HP), 
and weighted hazard potential (WHP). 

N° Pesticides QI Pesticides TP Pesticides HP Pesticides WHP 
1 Chlorpyriphos-

Ethyl 
909.47 Ethofumesat 31 Lenacil 52 Chlorpyriphos-

ethyl 
9.17 

2 Metamitron 242.15 Lenacil 29 Metamitron 44 Metamitron 6.72 
3 Ethofumesat 85.572 Cyproconazole 29 Indoxacarb 28 Lenacil 1.42 
4 Phenmedipham 59.073 Indoxacarb 29 Propaquizafop 26 Ethofumesat 1.13 
5 Tefluthrine 46 Metamitron 27 Epoxiconazole 25 Phenmedipham

, 
0.67 

6 Lenacil 43.2 Propaquizafop 25 Thiophanate-
methyl 

25 Tefluthrine 0.64 

7 Desmedipham 37.26 Epoxiconazole 25 Tefluthrine 22 Desmedipham 0.47 
8 Clethodime 26.25 Tetraconazole 25 Bifenthrine 22 Bifenthrine 0.36 
9 Bifenthrine 26 Chlorpyriphos-

ethyl, 
24 Cyproconazole 21 Thiophanate-

methyl 
0.19 

10 Haloxyfop-R-
methyl ester 

14.518 Tefluthrine 23 Ethofumesat 21 Epoxiconazole 0.15 

11 Cypermethrin 13.115 Bifenthrine 23 Alpha-
cypermethrin 

20 Cypermethrin 0.15 

12 Thiophanate-
methyl 

11.935 Alpha-
cypermethrin 

21 Desmedipham 20 Indoxacarb 0.11 

13 Fluazifop-P-butyl 10.8 Lambda-
cyhalothrin 

20 Phenmedipham 18 Picoxystrobine 0.09 

14 Epoxiconazole 9.69 Cypermethrin 19 Cycloxidime 18 Clethodim 0.07 
15 Picoxystrobine 7.9 Zeta-

cypermethrin 
18 Cypermethrin 18 Difenoconazole 0.06 

16 Methomyl 6.25 Gamma-
cyhalothrin 

18 Zeta-
cypermethrin 

18 Haloxyfop-R 
Methyl Ester 

0.04 

17 Difenoconazole 6.185 Methomyl 18 Picoxystrobine 18 Cyproconazole 0.04 
18 Indoxacarb 6.15 Phenmedipham 18 Tetraconazole 18 Tetraconazole 0.04 
19 Lambda-

cyhalothrin 
5 Desmedipham 18 Chlorpyriphos-

ethyl 
16 Propaquizafop 0.04 

20 Triflusulfuron-
methyl 

4.23 Haloxyfop-R 
Methyl Ester 

18 Difenoconazole 15 Triflusulfuron-
methyl 

0.03 

21 Tetraconazole 3.625 Clethodim 15 Triflusulfuron-
methyl 

13 Methomyl 0.03 

22 Cyproconazole 3.16 Triflusulfuron-
methyl 

14 Gamma-
cyhalothrin 

10 Cycloxidime 0.03 

23 Cycloxydime 2.7 Fluazifop-p-
butyl 

12 Methomyl 8 Fluazifop-p-
butyl 

0.03 

24 Propaquizafop 2.3 Cycloxidime 9 Lambda-
cyhalothrin 

6 Alpha-
cypermethrin 

0.02 

25 Alpha-
cypermethrin 

1.57 Picoxystrobine 9 Haloxyfop-R 
Methyl Ester 

5 Lambda-
cyhalothrin 

0.02 

26 Zeta-
cypermethrin 

1.02 Difenoconazole 6 Clethodim 4 Zeta-
cypermethrin 

0.01 

27 Abamectin 0.4  Thiophanate-
methyl 

15 Fluazifop-p-
butyl 

4 Gamma-
cyhalothrin 

0.002 

28 Gamma-
cyhalothrin 

0.4  Abamectin - Abamectin - Abamectine - 

 

 mobility (EEP=4), namely indoxacarb, lenacil, ethofumesate and cyproconazole; those with moderate mobility (EEP=2), such as 

metamitron and propaquizafop; and the remaining pesticides on the list are characterized by low mobility (EEP=1). 

Hazard potential (HP): The hazard potential of the pesticides on the initial list is assessed using the HP index. This index 
takes into account both the toxicity of the pesticide to humans and its mobility potential, measured by its EEP index. Lenacil 
(HP=52) followed by metamitron (HP=44) are the pesticides with the highest risk. These results indicate that the HP index is 
strongly influenced by the TP index. 
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 Table 2. Final list of priority pesticides. 
N° Pesticides WHP Mobility Treated area from total 

surveyed area 
1 Chlorpyriphos-Ethyl 9.17 Low 86.4% 
2 Metamitron 6.72 Medium 81% 
3 Lenacil 1.42 High 62.04% 
4 Ethofumesate 1.13 High 99.69% 
5 Phenmedipham 0.67 Low 90.09% 
6 Tefluthrine 0.64 Low 18.4% 
7 Desmedipham 0.47 Low 90.09% 
8 Bifenthrine 0.36 Low 13.5% 
9 Thiophanate-methyl 0.19 Low 23.13% 
10 Epoxiconazole 0.15 Medium  29.4% 
11 Indoxacarb 0.11 Low 38.63% 
12 Clethodime 0.07 Low 69.51% 
13 Haloxyfop-R-methyl 0.04 Low 69.84% 
14 Cyproconazole 0.04 High 26% 
15 Tetraconazole 0.04 Medium 13.43% 
16 Propaquizafop 0.04 Medium 7.23% 

 

 
Fig. 1. Radial diagram of the scores for the five toxic effects used to rate each of the 28 pesticides in the initial pesticide list. 

 
Weighted toxicity potential (WHP): This approach is also based on calculating the Weighted Hazard Potential (WHP), which 
is determined by combining the indices: QI, TP, HP, and EEP. It ranks pesticides according to their contribution to 
contamination, based on the total amount of all pesticides used (QTotal). The pesticides with the highest weighted risk potential 
are chlorpyrifos-ethyl (WHP = 9.17), followed by metamitron (WHP = 6.72), lenacil (WHP = 1.42), ethofumesate (WHP = 1.13), 
phenmedipham (WHP = 0.67) and tefluthrin (WHP = 0.64), all of which are heavily used according to their QI indices. 
 
Principal Component Analysis 
A Principal Component Analysis is designed to convert the original variables, namely the four index scores: QI, TP, HP and 
WHP for each pesticide, into new variables called principal components (Figure 2). The program extracted two principal 
components that explain 85.33% of the total variance in the five original variables. The first component is strongly associated 
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with the QI and WHP variables, while the second component combines the HP and TP variables. The principal components 
explain 69.6%, 97.8%, 78.3%, and 95.6% of the variance of the TP, QI, HP, and WHP variables, respectively. QI and WHP are 
very close to the x-axis representing the first component. These two variables are strongly associated with this component, 
which explains 53.23% of the variation. On the other hand, the TP and HP variables are close to the y-axis and are therefore 
strongly associated with the second component, which explains an additional 32% of the variation. 

 

 
                                             Fig. 2. Principal components. 
 

 
Fig. 3. Distribution of pesticides relative to the two principal components. 

 
mobility (EEP=4), namely indoxacarb, lenacil, ethofumesate and cyproconazole; those with moderate mobility (EEP=2), such 
as metamitron and propaquizafop; and the remaining pesticides on the list are characterized by low mobility (EEP=1). 

Hazard potential (HP): The hazard potential of the pesticides on the initial list is assessed using the HP index. This index 
takes into account both the toxicity of the pesticide to humans and its mobility potential, measured by its EEP index. Lenacil 
(HP=52) followed by metamitron (HP=44) are the pesticides with the highest risk. These results indicate that the HP index is 
strongly influenced by the TP index. 

The QI and WHP indices are positively correlated, with their arrows pointing in the same direction. This indicates that the 
pesticides used the most often have a high WHP index (Figure 3). Therefore, the pesticides plotted to the right of the graph, in 
the direction of the QI and WHP arrows, are characterized by high use (chlorpyrifos-ethyl has the highest use) and high WHP, 
compared to those plotted to the left, in the opposite direction of the arrows (clethodim, haloxyfop-R-methyl, epoxiconazole 
and indoxacarb), which have low use levels (Figure 3). Similarly, the arrows for TP and HP provide information on the toxicity 
and exposure potential of the pesticides, highlighting metamitron and lenacil as the most toxic, with medium to high exposure 
potential. The fact that these two arrows are so closely aligned indicates a strong correlation between the TP and HP indices of 
the pesticides. In general, high toxicity and high exposure potential are characteristic of the pesticides shown at the top of the 
graph of figure 3. There are some pesticides that have both high toxicity and high use, such as metamitron. 
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Discussion 
 
The pesticide ranking approach presented in this study to classify pesticides likely to pollute groundwater and surface water 
in the IPT area is based on the QI, TP, HP, EEP and WHP indices. It is a modified version of the approach presented by 
(Dabrowski et al. 2014), with a specific focus on sugar beet cultivation. According to this approach, the quantity applied is a 
key factor for including pesticides in the prioritized list. All the data on the use of pesticides were obtained from a survey 
carried out among 148 sugar beet growers in the rural commune of Sidi Jaber. 
The mobility potential of these pesticides (estimated using their EEP index) and their toxic effects (estimated using their TP) 
were combined in the calculation of the hazard potential (HP) to estimate the risk of the exposure to these pesticides through 
the consumption of contaminated water. In this study, the WHP index ranks pesticides based on their individual contribution 
to the contamination generated by the total number of pesticides applied to sugar beet in the study area. Using PCA, this index 
showed a positive correlation with the QI index, as well as a positive correlation between the TP and HP indices. The approach 
resulted in a final list of 16 priority pesticides, from an initial list of 28, to monitor the water resources in sugar beet 
expanding areas in the irrigated perimeter of Tadla. The representativeness of the area treated with sugar beet by most of 
these pesticides is significant, making them prime candidates for water monitoring in the irrigated perimeter of Tadla. These 
pesticides have been detected in various compartments such as soil (Cuevas et al. 2008; Tata et al. 2016; Cheng et al. 2023),  
surface water and groundwater (Pennington et al. 2014; Gula et al. 2015; Lefrancq et al. 2017; Đurović et al. 2018; Saraiva et 
al. 2018; Park et al. 2020; Hall and Anderson 2020; Wang et al. 2021), and plant matrices (Zhou et al. 2021; Cheng et al. 2024) 
within agricultural ecosystems. This distribution within the ecosystem, in combination with their toxicity to humans and 
living organisms, highlights the importance of monitoring these priority pesticides in both surface and groundwater in sugar 
beet expansion areas within the Tadla irrigated perimeter. 
Pesticide residue monitoring provides information on groundwater and surface water contamination levels (Baran et al. 
2021). Some of the pesticides on the priority list have been detected in both groundwater and surface water, such as 
chlorpyrifos, metamitron and haloxyfop-R-methyl. This indicates their potential to reach these resources in the IPT area 
through leaching or run-off. Chlorpyrifos remains the most widely used pesticide according to its QI. Studies in India have 
shown that it can leach into groundwater, especially when applied at high doses (Gula et al. 2015). It has also been found in 
rivers and lakes, and even in soil and sediments in some studies (Postigo and Barceló 2015; John and Shaike 2015; Huang et 
al. 2020; Ambreen and Yasmin 2021). Metamitron is often found in both surface and groundwater. This is due to its high 
solubility in water (1.70 g/L) and low sorption to soil particles (Đurović et al. 2018; Wang et al. 2021). Tetraconazole is active 
against a wide range of pathogens and its residues are also frequently found in surface waters, especially in areas where 
agriculture is practiced (Lefrancq et al. 2017). Its concentrations may be at peak levels during rainfall events due to run-off 
(Alam et al. 2013). Haloxyfop R-methyl has a half-life of a few hours and is rapidly hydrolysed in soil to haloxyfop acid (Poiger 
et al. 2015). However, it has been reported to occur in groundwater (Park et al. 2020). Other pesticides, such as bifenthrin and 
tefluthrin, do not migrate to groundwater. However, they have often been found in surface water due to agricultural run-off 
and weather events (Hall and Anderson, 2020; Wang et al., 2022; Pennington et al., 2014). Cyproconazole, a very mobile 
triazole fungicide according to the EEP index, which is often used for the control of wheat diseases such as rust and powdery 
mildew (Bajya et al. 2015), has been detected in surface waters with concentrations up to 49.05 μg/L (Saraiva et al. 2018). 
Other pesticides, such as lenacil, indoxacarb and propaquizafop, are not clearly detectable in surface water or groundwater, 
limiting their risk of contaminating these water reservoirs (Cuevas et al. 2008; Cheng et al. 2023). However, their detection in 
the surface layers of soils and their properties suggest that they may migrate and affect aquatic ecosystems. Lenacil, for 
example, which is highly mobile according to the EEP index, is known for its persistence in the soil and has a lower sorption 
and a higher sorption reversibility, which leads to its detection in larger quantities and at greater depths in the soil profile 
(Cuevas et al. 2008). The detection of these pesticides in surface water, groundwater and even in the soil raises crucial 
questions about their impact on the environment and health, and requires regular monitoring in areas where sugar beet 
cultivation is expanding within the irrigated perimeter of Tadla. 
Pesticides have a detrimental effect on the health of humans (Kalyabina et al. 2021). Chlorpyrifos is one of the least toxic 
pesticides on the priority list. However, it has been confirmed to cause health complications such as neurological dysfunction, 
endocrine disruption, cardiovascular disease, developmental toxicity and immunotoxicity (Ubaid ur Rahman et al. 2021; Al-
Janabi and Hashim 2021). Bifenthrin may cause sublethal toxic effects such as neurobehavioural toxicity, oxidative damage, 
immunotoxicity and endocrine disruption (Yang et al. 2018; Ullah et al. 2022; Sung et al. 2023). Tefluthrin is considered to be 
endocrine disrupting (Wu et al. 2009). It has also been shown that exposure to tefluthrin causes nerve damage leading to 
deficits in learning and memory, spatial exploration and autonomic motor functions in rats (Wang et al. 2023). Methyl-
thiophanate is a suspected carcinogen. It has been shown to induce oxidative stress, DNA damage and mitochondrial 
dysfunction in human cells (Liu et al. 2021). Finally, there have been reports of epoxiconazole poisoning in humans, the most  
common manifestation of which is methaemoglobinaemia (Wu et al. 2010). Although this information on the toxicity of 
pesticides is very specific to only a few pesticides and not to all pesticides on the priority list, it helps to inform about  the 
potential risks of these pollutants and therefore the need to monitor them to prevent their adverse effects on health. 
The present approach to pesticide prioritization is based on simple data to generate a priority list of pesticides. This list  
should be dynamic and reflect the quantities of pesticides used in each agricultural campaign. One limitation in keeping the 
list up to date is the unavailability of such data on an annual basis. However, this approach remains useful. It provides a simple 
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means of assessing the environmental impact of pesticides and ranking them in relation to each other. By prioritizing the top 
10 pesticides in each of the five indices used in this approach, we were able to reduce the number of chemicals from the initial 
list reported in the study to 16 high-priority pesticides. Although the information on the occurrence of these pesticides in 
different compartments of the agroecosystem is limited, it provides a partial insight into the fate of these chemicals in the 
agroecosystem and their toxicity helps us to understand their impact on human health and environmental quality. This 
underlines the need to monitor them in surface and groundwater within the sugar beet extension areas of the IPT. The 
hazardous nature of some of these priority list pesticides, such as chlorpyrifos, cyproconazole, ethofumesate, methyl-
thiophanate, epoxiconazole and tetraconazole, is further confirmed by their permanent withdrawal from the market in several 
countries, including Morocco. Due to their proven toxicity, these pesticides require continuous monitoring in all 
compartments of the agro-ecosystem. In particular, surface and groundwater in the Tadla irrigation area should be monitored. 
 
Materials and methods 
 
Description of the study area and sampling sites 
The study was conducted in the irrigated perimeter of Tadla (Figure 4). The soil in the region is generally fertile and consists 
of subtropical brown and chestnut soils (83% of the plain's surface). The region's climate is semi-arid to arid, with an average 
annual precipitation of 373.8 mm and temperature varying from 3.32 °C to 24.86 °C (Ouhajjou et al. 2024). The region is 
generally an agricultural zone with high production of crops such as cereals, olives, citrus and sugar beet. The region, located 
in the Oum Erbia basin, suffered for several years from a severe period of drought and irregular precipitation, which 
decreased the water reserves of the main dams in the region (Bin El Ouidan and Ahmed El Hansali). This severely affects the 
cultivated area of sugar beet in the region, being reduced from 10,000 ha during 2020-2021 to 1000 ha during 2021-2022 
(MARDMF, 2020). 

 
Fig. 4. Area of extension of sugar beet crop in the irrigated perimeter of Tadla. 

 
This study was conducted in the province of Beni Mellal, municipality of Sidi Jaber. The approach for prioritizing pesticides 
adopted in this study is based on data related to the use of pesticides in the studied locality, in addition to data on the 
properties of these pesticides, in particular their physicochemical properties and their toxicological effects such as 
carcinogenicity, endocrine disruption, neurotoxicity, teratogenicity and immunotoxicity. The data on the use of pesticides 
were obtained from the results of a previous survey (Ouhajjou et al. 2024). The survey involved 148 farmers, who covered 
92.5 % of the cultivated area (333 ha) of sugar beet in the municipality of Sidi Jaber during the 2020 – 2021 agricultural 
campaign. The farmers, selected on the basis of their willingness to participate and their experience in growing sugar beet, 
were asked about the types and amounts of pesticides used from sowing to harvest. The results are summarized in Table 3. 
Specifically, each pesticide from the survey is presented in terms of the total amount applied, the area treated with the 
pesticide, and the percentage of this area relative to the total area of 333 hectares of sugar beet farms included in the survey. 
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Pesticide properties were obtained from the database maintained by the Agriculture and Environment Research Unit at the 
University of Hertfordshire (PPDB, 2023). 
 
Table 3. Initial list of pesticides reported by sugar beet growers surveyed at Sidi Jaber rural community, along with the area 
treated by the active substance and the percentage of this area relative to the total surveyed area. 

N° Pesticides Area Treated (ha) Treated area from total surveyed 
area 

1 Chlorpyriphos-ethyl 287.7 86.4% 
2 Tefluthrine 61.2 18.4% 
3 Bifenthrine 44.95 13.5% 
4 Metamitron 270.08 81% 
5 Ethofumesat 332 99.69% 
6 Phenmedipham 300 90.09% 
7 Clethodime 231.05 69.51% 
8 Desmedipham 300 90.09% 
9 Haloxyfop-R Methyl Ester 232.6 69.84% 
10 Lambda-cyhalothrin 190.6 57.08% 
11 Cypermethrin 110.7 33.24% 
12 Fluazifop-p-butyl 58.95 17.70% 
13 Epoxiconazole 98.05 29.4% 
14 Difenoconazole 74.2 2.22% 
15 Lenacil 206.6 62.04% 
16 Indoxacarb 128.65 38.63% 
17 Methomyl 14.8 4.44%  
18 Tetraconazole 44.75 13.43% 
19 Picoxystrobine 86.45 26% 
20 Cycloxidime 27.6 8.28% 
21 Propaquizafop 24.1 7.23% 
22 Gamma-cyhalothrin 46 13.81% 
23 Alpha-cypermethrin 77 23.12% 
24 Cyproconazole 86.45 26% 
25 Zeta-cypermethrin 25.2 7.6% 
26 Triflusulfuron-methyl 213.3 64.05% 
27 Thiophanate-méthyl 77.05 23.13% 
28 Abamectin 39.9 11.98% 

 
Indexing approach for prioritization of pesticides used in sugar beet cultivation 
The prioritization approach used in this study ranks pesticides according to their amount of use, mobility, and of their toxicity 
to human health, by calculating five indices (Dabrowski et al. 2014): Quantity index (QI), Environmental exposure potential of 
pesticide (EEP), Toxicity potential (TP), Hazard potential (HP) and Weighted hazard potential (WHP) specific to each 
pesticide. Each index ranks pesticides separately from other indices and generates a separate list of pesticides except for the 
Environmental exposure potential of pesticide. The first 10 pesticides from each list of the four indices (QI, TP, HP, and WHP) 
are aggregated to generate a final prioritized list of pesticides for the sugar beet crop in IPT. 
Quantity index (QI): All the pesticides obtained from the survey results were kept as an initial list for the prioritization of 
pesticides. The method used in this work considers all pesticides reported in the survey of sugar beet growers. It does not 
make an initial selection based on quantities used. Although the quantity applied is an important factor in prioritizing 
pesticides, it is important to consider their toxicity, which, even when used in small quantities, can have irreversibly damaging 
effects on human health and biodiversity. The initial list consists of 28 pesticides which have been applied in a total quantity 
of 1585.914 kg (Ouhajjou et al. 2024). The quantity index of each pesticide corresponds to the amount used of that pesticide 
applied as reported in the survey. 
Toxicity potential (TP): Five toxic effects were used to score each pesticide (endocrine disrupting potential, carcinogenicity, 
developmental toxicity, neurotoxicity, and mutagenicity). Each toxic effect was categorized into one of four different endpoint 
categories, namely ‘Yes’ (there is definitive evidence that the chemical causes the toxic effect), ‘Possible’ (the chemical may 
cause the toxic effect), ‘No data’ (no studies have been conducted to confirm whether or not the pesticide causes the toxic 
effect) and ‘No’ (there is definitive evidence that the chemical does not cause the toxic effect). Data for each toxic effect  were 
obtained from the Plant Protection Database (PPBD) performed by the Agriculture and Environment Research Unit (AERU) at 
the University of Hertfordshire (PPDB, 2023). The scores for each toxic effect were weighted according to an adapted scoring 
system modified from that developed by (Dabrowski et al. 2014). Scores for each of the toxic effects (carcinogenicity, 
developmental toxicity, mutagenicity, neurotoxicity, and endocrine disruption), were weighted equally, with scores of 8, 6, 3, 
and 0 beings respectively attributed to the answers ‘Yes’, ‘Possible’, ‘No data’ and ‘No’. 



Australian Journal of Crop Science | 20(05):399-412 (2026) | Page 407 

Effects for which no data were available were assigned a higher value than for those for which there was absolutely no effect 
as a precautionary measure. The score was lower than that given for a possible effect because it is assumed that there is a 
higher probability that more serious effects have been identified. For all toxic effects, a value of zero was assigned when the 
literature reported no effects. The TP was obtained by adding the scores assigned to each of the five toxic effects for each 
pesticide, except for abamectin, a pesticide that was not found in the database. 
Environmental exposure potential (EEP): The approach used in this work is based on the GUS index to assess the mobility of 
the substance to groundwater. In (Dabrowski et al. 2014), a system for annotating the GUS index (Table 4) was developed to 
generate the EEP for all pesticides included in the initial list. 
 
Table 4. GUS mobility score annotation system for calculating the environmental exposure potential of pesticides in the initial 
list. 

Environmental exposure potential GUS Score Assigned value 
High GUS > 2.8 4 
Medium 2.8 > GUS > 1.8 2 
Low GUS < 1.8 1 
No data No KOC or DT50 value 1.5 

 
Hazard potential (HP): The HP calculates the hazard rating of pesticides on the initial list. The HP is the product of two 
indices according to the formula (1): 
HP= TP * EEP (1) 
Where TP is the toxicity potential of the pesticide and EEP representing the environmental exposure potential of the pesticide. 
 
Weighted toxicity potential (WHP): The approach is based on the use of a so-called WHP index which is calculated according 
to the formula (2): 
WHP = HP * QI/QTotal (2) 
Where HP is hazard potential, QI represents the quantity index of pesticides, and QTotal represents the total quantity of all 
pesticides used, as reported by the survey (1585.914 kg). 
 
Principal Component Analysis 
To highlight the indices that contributed to the inclusion of pesticides in the priority list, as well as the correlations that exist 
between the indices selected for the prioritization of pesticides, a principal components analysis was performed using the 
SPSS statistical software. 
 
Conclusion 
 
The pesticide prioritization approach adopted in this study focused on pesticide use data from a 333ha sugar beet area, 
together with physico-chemical and toxicity data, to produce a list of 16 priority pesticides. This list will be of great use in the 
establishment of a groundwater and surface water monitoring program in the Tadla area, particularly in the sugar beet 
expansion zone. It will be possible to identify other pesticides that have an environmental impact on water resources and are 
harmful to the rural population of the perimeter by having data on pesticide use throughout the sugar beet growing area of 
the Tadla irrigated perimeter. Prioritizing pesticides for water monitoring program could also be improved by focusing on 
classifying pesticides used on other characteristic crops in the perimeter, such as citrus, to identify the highest priority 
pesticides for each dominant crop. A comparison of the environmental impact of the crops within the perimeter would also be 
beneficial in order to encourage the development of more environmentally friendly control practices. However, accessing data 
on pesticides used is a major constraint to implementing this approach. The annual collection of plant protection product use 
data for the different crops in the catchment area would enable the development of a comprehensive list of priority plant 
protection products for the IPT, which would greatly assist in the development of a groundwater monitoring program in the 
Tadla perimeter. 
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