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ABSTRACT  ARTICLE INFO 

Onion thrips pose a significant threat to onion crops worldwide through 
their feeding habits, which can lead to visible damage and potential yield 
loss. This research aimed to investigate the effects of chemical and non-
chemical insecticides on the management of onion thrips. This 
experimental study was conducted at the Faculty of Agriculture, Kabul 
University, to evaluate the efficacy of different chemical insecticides, a 
botanical insecticide, attractive plant, and intercropping for the 
management of onion thrips (Thrips tabaci) (Thysanoptera; Thripidae) on 
onion crops in 2023. Seven treatments were applied with three replications 
in a randomized complete block design. The first data collection occurred 
on July 12, 24 hours before the application of insecticides. Subsequent 
data were recorded 24 hours, 72 hours, and 7 days after each spray 
application. Three chemical insecticides were tested: carbaryl (Sevin® 85% 
WP) at a rate of 650 g/hectare, cyhalothrin (2.5% EC) at a rate of 550 
ml/hectare, and cypermethrin (10% EC) at a rate of 400 ml/hectare. 
Additionally, a botanical insecticide derived from Melia azedarach (water 
extract of seeds) was applied at a rate of 12 L/hectare. After three 
applications, carbaryl showed significant efficacy compared to the other 
two chemical insecticides, while the botanical insecticide did not yield 
significant results. Attractive plants and intercropping demonstrated 
significant results when the leaves of the onions began to harden. 
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INTRODUCTION 

Onion (Allium cepa) is essential in nearly every kitchen worldwide. It serves as a vital 

condiment and vegetable for Afghans, with green leaves and bulbs consumed raw or used in 

various recipes. Its significance in the Afghan food market is considerable (Minoia et al ., 

2014). Onions are cultivated extensively across Europe, America, Asia, and Africa (Gachu et 

al., 2012; Duchovskiene, 2006).  However, onions face threats from numerous pests, one of 

the most dangerous being the onion thrips (Sadozai et al., 2009; Shiberu et al., 2013). The 
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onion thrips, scientifically known as Thrips tabaci Lindeman, is a polyphagous insect that has 

spread globally and is recognized as an economically harmful pest affecting both field and 

greenhouse crops (Pourian et al., 2009; Din et al., 2016). Hot and dry weather conditions can 

exacerbate the populations of onion thrips and intensify the damage they inflict on onions. 

This phenomenon is likely a combination of factors, including a shorter generation time and 

reduced mortality due to rain and plant pathogens (Shiberu et al., 2013). Heavy rains have 

been shown to wash onion thrips off plants; additionally, water stress may affect the 

nutritional quality of onion plants and increase their attractiveness to thrips (Gill et al., 2015; 

Gill et al., 2015; Zepa et al., 2011).  

    Onion thrips (Thrips tabaci) have an extensive host range, reportedly feeding on over 

300 plant species across various families. Their adaptability allows them to infest various 

crops and ornamental plants, making them a significant agricultural pest. In Hawaii, onion 

thrips were reported to feed on 66 plant species from 25 families (Gill et al., 2015). It has been 

found to infest such vegetables as asparagus, bean, beet, cabbage, cantaloupe, carrot, 

cauliflower, celery, cowpea, cucumber, garlic, kale, leek, mustard, parsley, pea, pepper, 

pigeon pea, potato, pumpkin, spinach, squash, sweet potato, tomato, and turnip (Broughton, 

2011; Din et al., 2016). 

    Some populations may specialize in a single plant species, such as tobacco, while others 

can infest multiple plant families (El-Naggar and El-Hoda, 2013). Onion is considered the 

preferred host for onion thrips, where they can cause significant damage. Other crops like 

potatoes and sweet potatoes may also be attacked but typically do not suffer economic 

damage at the same level as onions (Capenira, 2001; Gholami et al., 2015). Onion thrips 

(Thrips tabaci) are significant pests of onion crops. They are known vectors for various viral 

diseases, notably the Tomato Spotted Wilt Virus (TSWV) and Iris Yellow Spot Virus (IYSV) 

(Schwartz et al., 2014; Toda et al., 2007; Khaliq et al., 2014; Brunner et al., 2004). Immature 

stages of onion thrips prefer to inhabit the central leaves of onion plants, significantly 

reducing the plants' photosynthetic ability (Ullah et al., 2010; Das et al., 2017). This feeding 

behavior affects plant health and contributes to the overall impact of IYSV, as infected plants 

exhibit characteristic symptoms such as yellow- to straw-colored diamond-shaped lesions on 

their leaves. These lesions can reduce vigor and bulb size, ultimately affecting yield and 

quality (Pourian et al., 2009; Pathak et al., 2018; Ashari et al., 2018; Sathe and Mithari, 2015). 

The main objectives of this research are as follows: 

• To compare the effectiveness of chemical and non-chemical methods in reducing 

onion thrips populations. 

• To identify the most effective and sustainable strategy for managing onion thrips in 

field conditions. 
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MATERIALS AND METHODS 

The population development of onion thrips (Thrips tabaci) was studied using the "Kandahari 

local" onion variety, which was planted on May 31, 2023, at the Agriculture Faculty of Kabul 

University. The experiment consisted of three replications across a total of 21 plots. Each plot 

measured 1 x 2 meters, with a plant-to-plant distance of 15 cm and a row-to-row distance of 

25 cm. The main irrigation channel was 1.0 meters wide, and a sub-irrigation channel 

measured 1.0 meters. The width of the bund was 0.5 meters, while the experimental area 

measured 15 meters in length and 11 meters in width, resulting in a net cultivated area of 48 

m² and a gross cultivated area of 165 m². The fertilizer application consisted of DAP and urea 

at 80 kg/ha and 120 kg/ha, respectively. The experiment was designed using a Completely 

Randomized Block Design (CRBD) with seven treatments and three replications. Data 

collection began on July 12, following the onset of onion growth, to record the population 

buildup of Thrips tabaci. Five plants were randomly selected from each sampling unit, and the 

number of thrips present was visually counted and averaged to determine the mean 

population per treatment. Treatments carbaryl (Sevin®85%WP) at rate of 650 g/ hectare, 

cypermethrin EC10% at rate of 400ml/ hectare, cyhalothrin 2.5% EC at rate of 550 ml/ 

hectare, Melia azedarach (water of seed extract) at rate of 12 Li/ hectare, Intercrop (carrot), 

Attractive plant (white flower “Paeonia lactiflora”) and untreated (check) were applied.  

   All chemicals were applied using knapsack sprayers. Except for the attractive plant and 

intercrop treatments, these treatments were administered three times during the cropping 

season at 38-day intervals (on July 12 and August 19). When the thrips population reached 

39.6 thrips per plant, chemical and botanical insecticides were sprayed.  The efficacy of the 

botanical and chemical insecticides was determined by counting the thrips on five plants 

randomly selected from each replication. Before spraying, the population of onion thrips was 

recorded at regular intervals by visually counting and averaging the number of thrips present 

on five randomly selected plants from each sampling unit to obtain the mean population for 

each replication. Post-spray data were recorded 24 hours, 3 days, and 7 days after the 

application of the insecticides. 

Data Analysis 

The data were analyzed utilizing Statistical Analysis Software (SAS) (SAS Institute, 2002). 

Analysis of variance (ANOVA) was also constructed to test for significant differences between 

the variables. The formula of Shibro and Negri (2014) was used to find the percentage of 

mortality, as reported below. 

Efficacy (%) = 
𝑃𝑟𝑒 𝑠𝑝𝑟𝑎𝑦 𝑐𝑜𝑢𝑛𝑡−𝑃𝑜𝑠𝑡 𝑠𝑝𝑟𝑎𝑦 𝑐𝑜𝑢𝑛𝑡

Pre−spray count
× 100 

 Reduction efficacy %  
𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑐𝑜𝑢𝑛𝑡−𝑃𝑜𝑠𝑡 𝑠𝑝𝑟𝑎𝑦 𝑐𝑜𝑢𝑛𝑡

Control count
× 100 
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RESULTS 

The population of the thrips for three times sprays was recorded before the application of 

treatments, followed by intervals of 24 h, 3 days, and 7 days after spraying. Amongst all 

treatments at first time  before spry, statistically, there were no significant differences in T. 

tabaci numbers during observation. However, 24h, post-treatment, the density of T. tabaci in 

control plots, attractive plant plots, and intercrop plots were significantly higher (Table 1). 

The lowest density of thrips after the first treatment was recorded in the carbaryl, followed 

by cyhalothrin 2.5% EC and cypermethrin EC10%, respectively.  

   The data analyses showed significant differences between chemical and botanical 

insecticides (Botanical Insecticides). All applied insecticides are affected at various degrees 

compared to untreated (check). The intercrop and attractive plant did not decrease the 

population of thrips after the first spray (Table 1).The data obtained after three days of the 

first spraying showed that thrips population in plants treated with attractive plants (42.2), 

Intercrop (34.3), botanical insecticides (33.7), cypermethrin EC10% (16.5), carbaryl (7.86), 

cyhalothrin 2.5% EC (11.6), and control (39.5).  The mean number of thrips per plant in all 

treatments that applied chemical insecticides was significantly lower than in the control plots 

(39.5), while in the botanical treatment, it was slightly lower than in the control plots (33.7).  

Attractive plant and intercrop was not affected (table 1). Finally, the data recorded after 7 

days of first spraying indicated which thrips population in plants treated with attractive plant 

(43.6), intercrop (38.3), botanical insecticide (36.5), cypermethrin EC10% (17.5), carbaryl (9.1), 

cyhalothrin 2.5% EC (13), and Control (41.6) (table 1). 

Table 1. Mean Thrips population in different treatments 

First application     

Treatments Pre-treatments 24-hours 3-days 7-days 

Attractive Plant (Paeonia 

lactiflora) 

36.8 ± 1.5ab 41.1 ± 1.6a 42.2 ± 0.8a 43.6 ± 0.9a 

Intercrop (Carrot) 36.1 ± 2.4b 36.1 ± 3.2ab 34.3 ± 2.8b 33.3 ± 3.2bc 

Botanical insecticide (Melia 

azedarach) 

38.9 ± 1.6a 34.1 ± 3.5b 33.7 ± 2.8b 36.5 ± 2.1c 

cypermethrin EC10%  36.6 ± 2.1b 17.8 ± 2.5c 16.5 ± 2.1c 17.5 ± 1.8e 

carbaryl  37.1 ± 0.6ab 10.7 ± 0.8d 7.86 ± 0.6e 9.1 ± 3.0e 

cyhalothrin 2.5% EC 35.9 ± 1.2b 14.1 ± 0.8c 11.6 ± 0.2d 13 ± 3.3d 

Control 37.2 ± 2.3ab 38.9 ± 1.1ab 39.5 ± 0.7a 41.6 ± 2.3ab 

LSD 2.25 4.99 3.38 3.95 

CV 3.42 9.87 6.69 6.53 

F 1.88 57.09 161.56 45.78 

P 0.1654 0.0001 0.0001 0.0001 

Second application Pre-treatments 24-hours 3-days 7-days 

Attractive Plant (Paeonia 

lactiflora) 

40.6 ± 2.1a 37.3 ± 1.9a 34.0 ± 0.6b 32.8 ± 1.7d 

Intercrop (Carrot) 43.1 ± 1.6b 42.9 ± 3.5b 40.3 ± 1.5b 37.1 ± 1.4d 

Botanical insecticide (Melia 

azedarach) 

38.2 ± 2.0c 35.2 ± 2.8c 34.5 ± 2.5c 45.8 ± 6.1b 

cypermethrin EC10%  27.4 ± 1.2e 21.6 ± 1.4d 19.6 ± 1.0d 22.3 ± 3.7d 
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carbaryl  27.2 ± 2.9e 4.33 ± 1.0e 3.66 ± 0.7e 4.1 ± 1.2e 

Cyhalothrin 2.5% EC 30.6 ± 2.7d 21.5 ± 1.8d 24.1 ± 6.1d 27.3 ± 5.0d 

Control 43.2 ± 2.3b 43.8 ± 2.5ab 52.1 ± 4.5a 73.2 ± 3.9a 

LSD 1.66 3.62 5.73 7.602 

CV 2.49 6.41 9.96 9.74 

F 249.94 160.48 74.72 33.56 

P 0.0001 0.0001 0.0001 0.0001 

Third application    

 

Attractive Plant (Paeonia 

lactiflora) 

30.4 ± 1.7e 28.9 ± 1.4e 28.5 ± 1.4c 30.7 ± 2.6c 

Intercrop (Carrot) 33.8 ± 1.5f 32.6 ± 1.1e 30.9 ± 1.1c 30.9 ± 2.9c 

Botanical insecticide (Melia 

azedarach) 

56.9 ± 2.0b 52.4 ± 1.2b 49.8 ± 1.2b 53.4 ± 2.0b 

cypermethrin EC10%  44.2 ± 2.3d 34.8 ± 3.2e 31.5 ± 3.2e 33.9 ± 2.9c 

carbaryl  12.9 ± 2.1g 3.10 ± 1.5f 5.73 ± 1.5d 6.26 ± 1.6d 

cyhalothrin 2.5% EC 56.2 ± 2.9bc 45.2 ± 3.7d 44.7 ± 3.7b 50.4 ± 2.2b 

Control 77.7 ± 2.3a 78.5 ± 2.4a 81.0 ± 2.4a 81.9 ± 3.0a 

LSD 1.14 2.93 3.28 4.04 

CV 1.34 3.98 4.6 5.44 

F- value 1986.25 423.03 397.83 279.46 

P-value  0.0001 0.0001 0.0001 0.0001 

Thrips population density increased after 18 days of pesticide application in all plots. 

Following the second and third applications of pesticides, the overall trend of thrips density 

in the experimental plots differed from that observed after the first treatment. Notably, the 

effectiveness of the attractive plants and intercrops changed on the first and second days of 

August due to crop maturity and leaf hardening (table 1). Among the applied chemical 

insecticide treatments, carbaryl recorded significantly the least population of thrips per plant 

and the highest reduction percentage in all recording data (Tables 2 and 3). The botanical 

efficacy was the same as the first application. 

Table 2. percentage mortality of onion Thrips after spraying 

Treatments 
First application   
24-hours 3-days 7-days 

Attractive Plant (Paeonia lactiflora) 0 ± 0e 0 ± 0d 0 ± 0d 

Intercrop (Carrot) 0.0 ± 0.0de 4.20 ± 1.9c 9 ± 1.1cd 

Botanical insecticide (Melia azedarach) 15.2 ± 3.5c 16.3 ± 4.0c 15.30 ± 5.3bc 

cypermethrin EC10%  52.3 ± 5.1b 56.3 ± 9.3b 48.9 ± 7.3a 

carbaryl  75.9 ±1.3a 82.3 ± 6.7a 80.9 ±2.1a 

cyhalothrin 2.5% EC 60.1 ± 0.7b 67.6 ± 9.2b 65.1 ± 2.1b 

Control 0 ± 0e 0 ± 0d 0 ± 0d 

LSD 9.08 12.06 14.88 

CV 19.74 23.46 74.45 

F- value 110.02 73.86 21.06 

P-value  0.001 0.0001 0.0001 

Second application 24-hours 3-days 7-days 

Attractive Plant (Paeonia lactiflora) 0 ± 0e 2.40 ± 1.2de 15.3 ± 6.8ab 
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Intercrop (Carrot) 4.40 ± 0.10e 2.2  ± 0.20e 5.00 ± 5.0ab 

Botanical insecticide (Melia azedarach) 12.3 ± 3.5d 13.3 ± 9.7bc 12  ± 1.5bc 

cypermethrin EC10%  34.2 ± 6.3c 39.2 ± 6.1b 38 ± 8.5d 

carbaryl  84.2 ± 2.1a 86.8 ± 1.8a 82.6 ± 8.5a 

cyhalothrin 2.5% EC 32.1 ± 20b 33.7 ± 19.2b 30.3 ± 2.8d 

Control 0 ±0e 0 ± 0f -0.0 ± 0e 

LSD 7.06 14.59 23.43 

CV 20.55 44.70 -74.70 

F- value 147.56 43.84 17.42 

P-value  0.0001 0.0001 0.0001 

Third application 24-hours 3-days 7-days 

Attractive Plant (Paeonia lactiflora) 15.50 ± 0.8cd 15.1 ± 3.5cd 17.8 ± 1.0bc 

Intercrop (Carrot) 5.50 ± 1.4de 8.66 ± 5.8d 8.73 ± 6.6d 

Botanical insecticide (Melia azedarach) 7.70 ± 1.9cd 12.3 ± 0.5cd 12.16 ± 4.0cd 

cypermethrin EC10%  21.3 ± 3.4b 28.8 ± 2.9b 23.4 ± 2.9b 

carbaryl  63.6 ± 3.0a 77.1 ± 4.7a 75.2 ± 5.1a 

Cyhalothrin 2.5% EC 19.7 ± 2.5b 16.8 ± 1.0c 10.2 ± 2.0cd 

Control 0.0 ± 0.0e 0 ± 0.0e 0.0 ± 0.0e 

LSD 5.50 7.03 8.001 

CV 18.95 19.28 25.69 

F- value 127.62 111.86 87.37 

P-value  0.0001 0.0001 0.0001 

Finally, after analyzing the second and third stages of spraying, it was found that thrips 

population density increased again after 18 to 20 days in the treatments where chemical 

insecticides and plant-based insecticides were used. In contrast, in the treatments involving 

attractive plants and intercrops, the number of thrips significantly decreased after 25 to 32 

days of planting the seedlings. 

Table 3. Mean reduction percentage of onion thrips population 

 

Treatments 

First application   

24-hours 3-days 7-days 

Attractive Plant (Paeonia lactiflora) 0.0 ± 0.0d 0.0 ± 0.0d 0.0 ± 0.0e 

Intercrop (Carrot) 0.3 ± 0.1cd 1.1 ± 0.2c 7.06 ± 1.7cd 

Botanical insecticide (Melia azedarach) 12.2 ± 11.4c 14.6 ± 8.3c 11.3 ± 1c 

cypermethrin EC10% 54.2 ± 5.3b 58.6 ± 4.5b 44.7 ± 3.6a 

carbaryl 72.4 ±2.8a 80.1 ±1.8a 78.3 ±9.1a 

Cyhalothrin 2.5% EC 63.7 ± 3.1ab 70.9 ± 1b 53.1 ± 4.2b 

LSD 13.224 8.1637 9.1904 

CV 29.33930 15.508 33.20671 

F- value 53.93 161.57 50.51 

P-value 0.0001 0.0001 0.0001 

Second application 24-hours 3-days 7-days 

Attractive Plant (Paeonia lactiflora) 3.1 ± 0.2e 11.3 ± 4.8d 45.3 ± 4.8b 

Intercrop (Carrot) 7.26 ± 4.0d 15.1 ± 3.0d 42.2 ± 3.0bc 

Botanical insecticide (Melia azedarach) 20.4 ± 6.2c 21.4 ± 5c 22.4 ± 3.1cd 

cypermethrin EC10% 50.5 ± 6.2b 62.5 ± 6.7b 47.3 ± 6.7b 
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carbaryl 90.1 ± 1.8a 93.1 ± 6.7a 89.8 ±6.7a 

Cyhalothrin 2.5% EC 50.9 ± 3b 55.7 ± 3.8b 52.9 ± 3.8bc 

LSD 7.837 10.39 10.02 

CV 16.88 16.031 14.692 

F-value 178.18 84.89 35.85 

p-value 0.0001 0.001 0.0001 

Third application 24-hours 3-days 7-days 

Attractive Plant (Paeonia lactiflora) 55.4 ± 0.5b 59.5 ± 3.2b 62.5 ± 1.4b 

Intercrop (Carrot) 58.4 ± 0.5b 61.5 ± 2.8b 62.3 ± 3.2b 

Botanical insecticide (Melia azedarach) 23.1 ± 1.7e 30.9 ± 2.3c 28.8 ± 4.0b 

cypermethrin EC10% 55.6 ± 2.8b 60.8 ± 2.8b 58.6 ± 2.1b 

carbaryl 88.4 ± 1.6a 92.8 ± 2.9a 92.3 ± 2.0a 

Cyhalothrin 2.5% EC 42.5 ± 3.0c 41.8 ± 3.2c 38.4 ± 3.7c 

LSD 3.685 3.869 4.7974 

CV 4.537 4.479 5.677 

F- value 435.96 443.82 296.39 

P-value 0.0001 0.0001 0.0001 

Discussion 

The present study examined the effectiveness of three chemical insecticides—carbaryl, 

cypermethrin (EC 10%), and cyhalothrin (2.5% EC)—along with a botanical insecticide (Melia 

azedarach), an attractive plant (Paeonia lactiflora), and an intercrop (carrot) on onion thrips. 

The chemical insecticides were selected from various chemical classes. The results 

demonstrated that carbaryl exhibited higher efficacy than the other chemical insecticides. In 

the same way, the botanical treatment had minimal effect, and the efficacy of the attractive 

plant and intercrop began only after the maturation and leaf hardening of the onions  (Tables 

1, 2, and 3).  

   Khaliq et al. (2016) applied to cotton, tomato, red pepper, and okra as intercropping to 

control onion thrips. After comparing the cultivars, they found that these plants significantly 

affected onion thrips and recommended that they could also play a role in reducing chemical 

pollution. In a study conducted by Asghar et al. (2018), using insecticides such as carbosulfan, 

cypermethrin EC10%, carbaryl, deltamethrin+ triazophos, bifenthrin, and dimethoate for 

controlling Thrips tabaci, the results of the analysis indicated that carbaryl had the greatest 

effect, while the other insecticides did not show significant differences from one another. The 

findings of this study are consistent with those of Asghar et al. (2018). On the other hand, 

from the results of this research, it was found that among the chemical insecticides used, 

carbaryl was the most effective in controlling thrips because it showed high effectiveness 

against onion thrips in three applications. In contrast, the efficacy of cyhalothrin 2.5% EC and 

cypermethrin EC 10% decreased during the second and third applications, especially the 

efficacy of cyhalothrin (2.5% EC) showed a significant decrease (table 1. 2 and 3). Farmanullah  

et al. (2010) applied Thiodan®, Confidor®, Tracer®, Megamos®, and Actara® for the 

management of onion thrips. Except for Actara®, all the other insecticides significantly 
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decreased onion thrips. The results of this application quite agree with those of Khaliq et al. 

(2014), who utilized three botanical (neem, datura, and bitter apple) and chemical (acephate, 

spirotetramat, and spinetoram) insecticides against onion thrips. The results indicated that 

the efficacy of the chemical insecticides was better than that of the botanical insecticides. 

Sadozi et al. (2009) used several insecticides, including Karate®, Thiodan®, Confidor®, 

Curacron®, and Crown®, to control onion thrips. The results showed that all the insecticides 

used significantly reduced the onion thrips population compared to the control. However, 

Thiodan® was the most effective, followed by Curacron® and Karate®.  

   Numerous studies conducted on onion thrips have found that the repeated use of 

certain insecticides, such as cyhalothrin (2.5% EC), triazophos, bifenthrin, dimethoate, and 

cypermethrin, leads to the development of resistance in various populations of this pest. As 

a result, in some cases, the effectiveness of these insecticides has decreased, and no 

significant differences are observed between their second and third applications (Shiberu et 

al., 2013; Din et al., 2016). Using insecticides with a higher mortality rate on thrips, to which 

thrips cannot develop resistance, is the most effective method for preventing thrips damage 

and reducing environmental pollution. 

CONCLUSION AND RECOMMENDATION   

This research concluded that carbaryl gave better results than other chemical and 

botanical insecticides against Thrips tabaci. It recorded the lowest population of thrips/plant 

and highest reduction percentage in all data recording intervals among the treated chemical 

insecticides, botanical insecticides, attractive plants, and intercrop. Moreover, after three 

times of application, little resistance against carbaryl has been seen. Therefore, it can be 

recommended that carbaryl, when used in the right amount, at the right time, and in the right 

dosage, provides good results for controlling onion thrips. This method, combined with other 

integrated pest management strategies, can also lead to better outcomes in controlling 

onion thrips and protecting the environment. 

    This research concluded that carbaryl gave better results than other chemical and 

botanical insecticides in controlling Thrips tabaci. It recorded the lowest thrips population per 

plant and the highest reduction percentage in all data recording intervals compared to other 

treatments, including chemical insecticides, botanical insecticides, attractive plants, and 

intercropping. Furthermore, after three applications, minimal resistance to carbaryl was 

observed, indicating that it remains effective against the pest with repeated use.  

    Therefore, carbaryl can be recommended as an effective option for controlling onion 

thrips, provided it is applied in the right amount, at the right time, and with the correct 

dosage. This method, when combined with other integrated pest management (IPM) 

strategies, can lead to better outcomes in controlling onion thrips while also protecting the 

environment. This conclusion highlights the importance of using carbaryl smartly as part of a 

comprehensive pest control program that ensures both effectiveness and environmental 

protection. 
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