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ABSTRACT    

The green peach aphid, Myzus persicae, is a significant insect pest worldwide. The potential for using Linum 
usitatissimum flax seed oil to control insects has been reported. However, no study has been conducted on the 
efficacy of flax seed oil against M. persicae. Therefore, this study aimed to evaluate the bioactivity of Linum 
usitatissimum flax seed oil at four concentrations (1.00, 3.00, 5.00, and 10.0 ml / 100 ml water). The highest 
mortality of adults (100%) was caused 4 days post-treatment with all tested concentrations. 
Similarly, the results demonstrate that foliar application of flax seed oil against all nymphal stages caused 
100% mortality rates at all concentrations after 4 days of treatment. The rate of nymph production of aphids 
significantly decreased and reached 0.0 nymph per adult after 4 days. The results suggest that flax seed oil has 
the potential as a biological control agent of M. persicae.  
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INTRODUCTION 
Myzus persicae colonizes many environments, which is of great economic importance among all aphids 1. 
M. persicae is considered an essential species affecting more than 400 plant species and within 40 diverse 
plant families, including crops of economic importance, such as vegetables and ornamental trees in fields 
and greenhouses 2, 3, 4. Moreover, it can transmit over fifty plant viruses in different plant hosts. Also, due 
to its short generation time and high fertility, its high ability to achieve a population density in new plant 
tissues of recent growth. 5. 
Insecticides are still the primary way to control aphids in field crops 6. Using chemical pesticides is the 
usual way to combat this pest; However, this strategy is ineffective 1, but also harmful to the environment 
and human and animal life 7. As a result, plant-derived insecticides with different active compounds (sec-
ondary metabolites) may provide a suitable alternative to chemical pesticides 8. 
Vegetable oils are a complex mixture of diverse natural substances classified under two chemical groups 
such as terpenoids (monoterpenes and sesquiterpenes) and phenylpropanoid compounds 9, which exhibit a 
wide range of biological activities, including antioxidant and antimicrobial activities 10. 
These vegetable oil-derived formulations would significantly reduce the use of industrial chemical pesti-
cides and allow effective control of aphids, resulting in less environmental impact due to fewer residual 
effects, 11. 
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In the study that investigated the insecticides of essential oils extracted from black pepper, eucalyptus, 
rosemary, and tea tree and their binary combinations against an insect of green peach, the combination of 
essential oils influenced the mortality rate of aphids. Fourier transform infrared spectroscopy (FTIR) 
showed that the mixture of essential oils was stable and unaffected by the storage temperature (15, 25, 
35°C), and the functional groups did not change during storage. Based on their results, essential oils can be 
used as an insecticide against M. persicae 12. 
The study aimed to search for materials of plant origin that effectively kill green peach insects to replace 
the currently used manufactured chemical insecticides, which many insects have acquired resistance 
against. 

 

MATERIALS AND METHODS 
Test the level of effectiveness of a fixed oil obtained from the local market, L. usitatissimum flax seed oil. 
Also, a comparator insecticide, Actara 25% WG, recommended by the Iraqi Ministry of Agriculture, was 
used against M. persicae, whose samples were collected from infected plants on farms in Najaf Governorate 
in 2022. 
The method used in carrying out experiments for the breeding and treatment of M. persicae, as laboratory 
experiments, was carried out by designing a process that is summarized by diagonally installing perforated 
plastic tubes, each of which is 2 cm long, placed inside a plastic basin with dimensions of 30 x 15 cm and 
in the form of two lines. Each line contains three tubes. The plastic basin was filled with water with nutrients 
for the plant, and until the tubes were submerged inside it, the newly grown, clean, and uninfected leaves 
of the treated plant were fixed inside the plastic tubes. In each experiment, 20 aphids/leaves were trans-
ferred. The vegetable oil (seed oil) was prepared. Flax) used against a green peach insect by dissolving 
vegetable oil in an aqueous solution containing 1000 ml of sterile distilled water with one ml of dishwashing 
liquid (bright) to dissolve the oils in water 13. The test was carried out in five ways: 
1- Effect of flaxseed oils L. usitatissimum with different concentrations on the various stages of green peach 
M. persicae. 
1-1- Evaluation of the efficiency of different concentrations of flaxseed oil in the mortality rates of adults 
and nymphs of M. persicae 
To carry out this experiment, clean leaves free from any aphids or diseases were selected from the upper 
part of the plant. They placed them appropriately by inserting the leaf stalk into the plastic tube fixed at an 
angle in a plastic basin prepared for this purpose, as shown above. Twenty adults of M. persicae were 
transferred to each leaf and left for the next day to raise after placing the nymphs and keeping only 20 of 
them on each leaf and destroying the excess with a fine needle (Needle) and after 8 days until the nymphs 
reached the adult stage and application transactions. 
Likewise, to obtain the first, second, third, and fourth nymphal turn, the previous process is repeated, and 
after the process of laying the first stage, the adults are removed by a needle and examined under a micro-
scope. The same previous process is repeated to obtain the other roles (second, third, fourth), but according 
to the period for growth and development, Nymphs as shown (48 hours, 72 hours, 120 hours) respectively 
and the application of the coefficients. 
All the leaves were sprayed with vegetable oil at concentrations (1, 3, 5 and 10%) separately by using a 
small-sized glass hand sprayer (measurement of 10 ml) until the leaves were completely wetted by 1 ml per 
leaf and five replications for each treatment. The treated leaves were transferred to the incubator to provide 
optimum temperature (5±25°C) and relative humidity (±5%). A comparison treatment was also carried out 
by following the same previous steps, except for spraying it with sterile distilled water only. After 1, 2, 3 
and 4 days, the number of dead individuals was calculated in each replicate within one treatment, and the 
values were corrected according to the Abbot equation in laboratory 14. 
1-2- Studying the effect of spraying plants and soil with flaxseed oil on the mortality rates of M. persicae 
adults. 
1-2-1- The method of spraying the plant. 
After preparing the seedlings of the cucumber plant with a size of 2000 mg and several 15 seedlings and 
waiting for some time until obtaining a plant with good growth and 10 days old, the plant was contaminated 
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with adults of a green peach insect at a rate of 50 adults for each repeat and for all concentrations (and the 
disposal of new births by Needle and keep the insect rate 50 insects for each treatment, and determine the 
average number of insects before treatment for each treatment, and then the plant leaves were sprayed with 
oil concentrations (1%, 3%, 5% and 10%) with three replicates for each treatment in addition to the control 
treatment by adding 5 ml of each concentration to each replicate, and distilled water was added in the same 
amount as a control treatment. The seedlings were placed in an incubator under 25 ± 2 C and 60 ± 10 % 
relative humidity. All seedlings were examined daily, and the readings were recorded 1, 3, 5, and 7 days 
after incubation, as the number of remaining individuals was recorded, and the corrected Percentage of 
death was recorded for each of them using the Abbot equation in the laboratory 15. 
1-2-2- Soil spraying method 
Healthy cucumber plants were taken with three replicates for each treatment in addition to the control treat-
ment, and the soil with which the seedlings were planted was sprayed with concentrations (1%, 3%, 5% 
and 10%) of oil as in paragraph (3-8-14-5-1). By spraying 100 ml of each concentration into the soil and 
leaving the plants for 10 days to allow the flow and spread of the extract inside the plant 16. and then 
contaminated the plants with insect pests of green peaches at the rate of 50 adults for each replicate, and 
distilled water was added in the same amount as a treatment. Control and determination of the average 
number of insects for each treatment and the seedlings were placed in an incubator under 25±2°C temper-
ature and 60±10% relative humidity. All seedlings were examined daily, and readings were recorded for 
paragraphs 1, 3, 5 and 7 days after incubation, as the number of dead individuals was recorded and the 
corrected Percentage of the loss of each of them using Abbot’s equation laboratory” 15. 
1-3- Effect of different concentrations of flaxseed oil on the yield of M. persicae adults and the growth 
period of subsequent roles. 
In this study, the effect of flaxseed oil was tested with concentrations (1, 3, 5, 10%) on the productivity of 
treated insects from adults by taking (10) adults and with three replicates for each concentration, transferred 
by a soft mattress and placed on the leaves of the plant inside Petri dishes. The treatment was applied by 
spraying the concentrations (1, 3, 5, 10 %) using a hand sprayer with a volume of 10 ml. 60±5%) is ideal. 
A comparison treatment was also carried out by following the same previous steps, except for spraying it 
with sterile distilled water only. After 24 hours of treatment, 6 adults were randomly transferred from each 
treatment to a plant containing only six leaves. The plants were planted in small pots of 1 kg for each repeat 
plant and placed on Each leaf 1 adult. Then, the treated seedlings were transferred to the incubator to pro-
vide the ideal temperature (5 ± 25 ° C) and relative humidity (60 ± 5%). The seedlings were followed up, 
and insects were monitored to determine their productivity by calculating the number of nymphs placed 
and the periods of each turn. 
2- Effect of different concentrations of the chemical pesticide Actara 25% WG on the motile roles of green 
peach M. persicae in vitro. 
The efficiency of the chemical pesticide Actara 25% WG recommended by the Iraqi Ministry of Agriculture 
was tested in combating aphids, which was obtained from the local markets of Najaf Governorate and which 
contains 25% thiamethoxam as an active substance, which is produced by the Swiss company Syngenta, as 
the concentrations of the pesticide were prepared through Recommended dose Different concentrations 
(0.10, 0.50 and 1.00%) were prepared after dilution with water. Then, 20 aphids were transferred to each 
leaf of the plant, with 3 replications for each concentration installed in the basins designed to be treated as 
in paragraphs (3-4). complete. A treatment was performed compared to spraying the insect-bearing leaves 
with empty water. The treated leaves were incubated in the incubator at a temperature of 5 ± 25 °C and a 
relative humidity of 60 ± 5%. After 1, 2, 3 and 4 days of treatment, the mortality rate of insects was calcu-
lated. 
 

 

RESULTS 

Effect of flaxseed oils L. usitatissimum with different concentrations on the different stages of green 
peach M. persicae. 
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Evaluation of the efficiency of different concentrations of flaxseed oil in the mortality rates of adults 
of M. persicae 
The results in Table 1 indicated the mortality percentages of adults treated by spraying L. usitatissimum 
with different concentrations of flaxseed oil on M. persicae at different time intervals (1, 2, 3 and 4 days). 
The results showed an increase in the mortality rate by increasing the concentration and the exposure pe-
riod, and the results showed the severe sensitivity of the insect to flaxseed oil, which caused 100% de-
struction in all tested concentrations after 4 days and at the tested concentrations (1, 3, 5, 10). It was 
found that flaxseed oil (L. usitatissimum L.) accumulates many bioactive compounds and elements, in-
cluding linolenic acid, linoleic acid, lignans, cyclic peptides, polysaccharides, alkaloids, cyanogenic gly-
cosides and cadmium. Most biological and clinical studies of flaxseed have focused on extracts contain-
ing alpha-linolenic acid or lignans. Other flaxseed compounds have received less attention, and their ac-
tivity needs better described. The benefits of consuming whole flaxseed parts such as oil, gum and protein 
indicate that consideration of the full range of existing bioactives is required to link biological activity 
with specific compounds 17, 18. It also noted that essential oils are a mixture of compounds that may have 
acted against insect pests through complex mechanisms. Its components have been proven to be an effec-
tive source of biological pesticides. 
Moreover, several studies have shown the repellent effects of oils on aphids. In this context, the oils are 
very effective against some aphids, such as from corn leaves Rhopalosiphum maidis 19 and 20. they were 
also pointed out. Another way to reduce the use of chemical pesticides is with alternatives such as bio-
cides to manage insect pests. Such as using different essential oils (black pepper, eucalyptus, rosemary 
and tea tree), together and alone, against M. persicae. These essential oils have insecticidal and repellent 
activity for many insects, including aphids, and the results showed excellent control of green peach 
through a high mortality rate. The combinations of essential oils showed synergistic, additive and anti-
insecticidal interactions. Fourier Transform Infrared Spectroscopy analysis of the stability of a mixture of 
essential oils showed that it was not affected by the storage temperature (15, 25 and 35 °C), and all func-
tional groups did not change during storage for three months. Based on the results, the essential oils can 
be used as a commercial insecticide against M. persicae and thus reduce the use of chemical pesticides 
and their negative impact on the environment and human health. Natural products based on essential oils 
can be an excellent alternative to synthetic pesticides. 

 

Death Corrected Percentage (%) Concent
ration 
(%) 

Treatments 
4days 3days 2days 1day 

100 86 72 53 1 

Flax oil 
100 98 82 66 3 
100 100 88 81 5 

100 100 100 90 10 

Concentration: 3.34 
LSD 

Days: 4.86 

Table 1. Evaluation of the efficiency of different flaxseed oil L. usitatissimum concentrations in percentages corrected for 
mortality of M. persicae adults after 1, 2, 3 and 4 days of treatment. 

Evaluation of the efficiency of different concentrations of flaxseed oil in the mortality rates of adults 
and nymphs of M. persicae 
The results shown in Table 2 indicated the percentages of mortality of the different freedom stages (first, 
second, third and fourth), which were treated by spraying with different concentrations of flaxseed oil L. usi-
tatissimum on the nymph stages of M. persicae and at different time intervals (1-2-3-4). Day), and the results 
showed the extreme sensitivity of the oil to the nymphs of the first stage at a concentration of 10%, which 
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caused 100% destruction on the first day of the treatment, which was created with a significant difference 
from the death rates recorded by the other instars (second, third and fourth) for the first day and with the 
same concentration, which amounted to (98, 97, 96 %) respectively in all tested concentrations after 4 days 
and in the tested concentrations (1, 3, 5, 10 %). The results showed increased mortality rates with increasing 
concentration and exposure period. 
21 noted that pesticide resistance has evolved due to the long-term and widespread use of chemical pesti-
cides. Essential oils from aromatic plants provide a new and safe alternative to traditional insecticides. The 
underlying mechanisms of that oil were studied in a study on the effect of Melaleuca alternifolia oil and its 
chemical components against Helicoverpa armigera and its different phases. It showed a distinct anti-nutri-
tional essential oil and good contact against H. armigera in 24 hours. Using gas chromatography/mass spec-
trometry, ten chemical components were identified, mainly terpinen-4-ol, γ-terpinene, α-terpinene, α-terpin-
eol, terpinenol and 1,8-cineol. Its results showed that these components have a pronounced anti-nutritional 
effect. The activity of acetylcholinesterase and glutathione S-transferase was significantly inhibited by the 
essential oil, compared to the control, with strong dose- and time-dependent effects. The results provide the 
basis for its future development and use in pest control. 

Death Corrected Percentage (days) Concentration 
(%) 

Nymphal 
instars 4 3 2 1 

100 100 98 88 1 

First 
100 100 98 96 3 
100 100 99 97 5 

100 100 
10
0 

100 10 

 
100 99 93 79 1 

Second 
100 100 96 80 3 
100 100 99 94 5 

100 100 
10
0 

98 10 

 
100 99 94 77 1 

Third 
100 97 85 72 3 
100 100 99 91 5 

100 100 
10
0 

97 10 

 
100 75 59 51 1 

Fourth 
100 98 89 72 3 
100 100 97 87 5 

100 199 
10
0 

96 10 

 
Nymphs: 4.11 

LSD Concentration: 2.77 
Days: 2.94 
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Table 2. Evaluation of the efficiency of different Linum usitatissimum seed oil concentrations in the corrected mortality 
percentages for first, second, third and fourth stage nymphs of M. persicae after 1, 2, 3 and 4 days of treatment. 

22, indicated in a study presented, essential oils can be an environmentally friendly alternative to control this 
pest. This work used two biological tests to study the repellent effect of essential oils and pure compounds 
against aphids. Against natural enemies of aphids, adults and Aphidius colemani and larvae of Sphaerophoria 
rueppellii, in olfactory scale bioassays and a bioassay for residual toxicity, using a computer-controlled spray 
device, showed slight toxicity against S. rueppellii larvae and foliar application of emulsion farnesol + (E) - 
anethole 1:1) nanoparticles on aphid-infested plants resulted in a reduced population growth ratio of M. per-
sicae ri = -0.78 and M. euphorbiae ri = -3.85. Among the compounds tested, farnesol is a promising compound 
to be introduced in managing aphids due to its potential as a repellent and bactericidal, as well as being an 
attraction to some of the natural enemies of this pest. 

Evaluation of different concentrations of flaxseed oil in the yield of M. persicae adults and growth du-
ration of subsequent roles. 
The results proved that the treatment of green peach aphis adults with different concentrations of flaxseed oil 
led to an apparent effect in decreasing the Percentage the productivity of new individuals from the pest com-
pared to the comparison treatment Table No. 3 showed the results of the average number of new individuals 
after exposure of the adults to concentrations (1 and 3) and 5 and 10%) of flaxseed oil, as the results showed 
that the treatment of adults with concentration 10% was less effective for the day (1, 2, and 3), as it was rec-
orded (0.83, 0.66 and 0.16 individuals) respectively with a significant difference with the treatment of adults 
with concentration 1. It was recorded on the day (1, 2 and 3 days), (1.66, 1.33, 0.66 individuals) respec-
tively. It was noted that the increase in the concentration of the used oil had an apparent effect on reducing 
the productivity of new births, which was most in the concentrations of 1% and 5%, with an average birth 
rate. It reached 1.66 and 1.50 individuals, respectively, which differed significantly from the concentration 
of 10%, which amounted to 0.89 individuals. As for the number of days, the fourth and fifth days of all con-
centrations recorded the lowest average birth rate, reaching 0.00 individuals for all concentrations. Com-
pared to the comparison treatment Table (3) 

 
Concentration 

(%) 
Mean of adults’ productivity after (day) 

1 2 3 4 5 
1 1.66 1.33 0.66 0.00 0.00 
3 1.50 1.16 0.33 0.00 0.00 
5 1.50 1.16 0.16 0.00 0.00 

10 0.83 0.66 0.16 0.00 0.00 
 

LSD Concentration: 0.43  
Days: 0.25  

Table 3. Evaluation of different concentrations of flaxseed oil in the yield of M. persicae adults and growth duration of 
subsequent roles. 

It was found that flaxseed oil contains many practical chemical components, which may be due to the effective 
effect in affecting the productivity of M. persicae adults, as it was found that vegetable oils affect the adults 
of the pest through treatment by several mechanisms, including it may affect eggs by preventing Gas exchange 
or the hardening of the eggshell, thus preventing the hatching process. As for a green peach insect, the effect 
may be on the protoplasm of the fetus inside the mother’s body and, thus, the death of the embryos 23. Fur-
thermore, in a previous study mentioned by 24, an essential oil obtained from Foeniculum vulgare was tested 
for the mortality of M. persicae and to provide excellent efficacy against M. persicae while not causing any 
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significant mortality from the tested non-target organisms. Its results indicate a very high potential for using 
the essential oil of F. vulgare in developing environmentally safe plant insecticides designed to protect the 
plant against aphids. 

Studying the effect of spraying plants and soil with flaxseed oil on the mortality rates of M. persicae 
adults.  

Plant Spraying 
The results of Table (4) showed that there were significant differences between the factor of periods (1, 3, 5 
and 7 days) to give the death rate of adults of M. persicae, which amounted to (44.6, 27.0, 10.0 and 4.66) 
insects, respectively, as for the concentration factor, the concentration exceeded the concentration 10% on the 
rest of the concentrations significantly in giving the highest Percentage of death in adults, as the average live 
individuals after treatment was 14.66 for the first day compared to 44.6 for the 1% concentration. 

Soil spraying 
The results of Table (4) showed that there were no significant differences between the factor of periods (1, 3, 
5 and 7 days) in giving the death rate of adults of M. persicae, as it reached (66.6, 78.3, 110 and 146) insects, 
respectively. As for the concentration factor, all concentrations have no significant differences. 
Through the results indicated in Table (4), the high effect of flaxseed oil on M. persicae may be related to the 
presence of unpalatable compounds in the oil, which usually have an anti-feeding effect and can interfere with 
the hormonal processes in the insect 25, 26, 16. indicated that the death rate of nymphs of B. tabaci was the 
highest when foliar spraying of neem oil at a concentration of 1.0%, which reached 75.5% after seven days of 
applying the treatment. This agreed with 27, who recorded the death rate of nymphs of B. tabaci at 100% when 
treated with neem oil by foliar application at a concentration of 10.0 ml/L. 
In the current study, the foliar treatment of flaxseed oil caused significant differences in the mortality rates of 
M. persicae compared to soil spraying with oil. The difference between the effect of the foliar treatment and 
the soil spray treatment may be related to the presence of chemical residues of the oil in or on the leaves, or it 
may be because different soil factors may have affected the effectiveness of flax oil, or perhaps the efficiency 
of its absorption by the plant roots is not sufficient. To reach the level affecting insects. 

Methods Conc. 
(%) 

Individuals 
No. before 
treatment 

Individuals No. Before 
treatment (days) 

1 3 5 7 
Plant 

spraying 
 
1 

50 44.6 27.0 10.0 4.66 

3 50 39.0 21.6 9.66 6.66 
5 50 29.3 14.3 2.00 0.66 
10 50 14.66 5.66 0.00 0.00 

 
Soil 

spraying 
1 50 66.6 78.3 110 146 
3 50 66.0 91.3 118 147 
5 50 63.0 85.6 106 144 
10 50 70.0 87.6 103 143 

 
LSD  Methods: 5.75 

 Concentration: 2.31 
 Days: 4.45 

Table 4. Evaluating the effect of spraying plants and soil with flaxseed oil on the mortality rates of M. persicae adults. 
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Effect of different concentrations of the chemical pesticide Actara 25% WG on the motile roles of 
green peach M. persicae in vitro. 
The results in Table 5 proved that the pesticide Actara had an apparent effect in increasing the mortality 
rates of M. persicae adults with increasing concentration. The deaths, according to the concentration of 1% 
for the first day of application, recorded a death rate of (93.3%), followed by a significant difference of both 
concentrations (0.50 and 0.10%), which achieved a killing rate of (55.0 and 28.0), respectively, with all 
these treatments differing in terms of sperm for the comparison treatment. Also, all the concentrations of the 
pesticide used (0.10, 0.50 and 1.00%) gave a significant reduction in the rates of insect mortality by increas-
ing the number of days after treatment with the pesticide, which reached (93.3, 100, and 100%) for concen-
trations (0,10, 0.50 and 1.00%), respectively for the day third of treatment. 
Also, 28 stated that Actara pesticide works in a good, unique and distinct way, as it affects sites in the nerv-
ous system that other pesticides do not work on. It is one of the systemic pesticides that work by contact and 
also through the digestive system, as it stops the chemical, neurological communication between the ends of 
nerve cells within the nervous system due to its effect on the receptors. The substance acetylcholine stops the 
transmission of nerve signals to the insect’s body and then stops the vital processes, leading to the insect’s 
death. It is used in the fight against piercing insects that suck plant juices, and it is used in all methods of ag-
ricultural transactions. The rapid spread within the tissues of the plant characterizes it. It is considered one of 
the few toxic pesticides, and the maximum residual limit is three days for most vegetables and leafy crops. 

 

Concentration 
(%) 

Death percentage after (days) 

1 2 3 4 
0.10 28.0 66.5 93.3 100 

0.50 55.0 98.0 100 100 

1.00 93.3 100 100 100 

 
LSD Concentration: 3.78 

Days:  5.61 

Table 5. Represents the evaluation of different concentrations of the chemical pesticide Actara 25% WG on the motile roles 
of green peach M. persicae.      

Also, 29 indicated that the numerical density of adult corn leaf insects was more than 100 insects per square 
inch, cotton bugs were 75-51 insects per square inch, and bean insects were more than 100 insects per square 
inch and less. Number of live individuals remaining in the field with an area of one square inch of plant leaves 
when treated with a concentration of 0.4 g/L of the pesticide Aktara for each of the insects of corn, cotton and 
beans, respectively, after 24 hours of treatment. Its results showed that the concentrations of Aktara used were 
2.0, 0.3 and 0.4 g/L, which gave high efficacy and reduced the numerical density of different types of aphids 
with significant differences at 0.05 compared with the control treatment. 

 
CONCLUSIONS 

Flaxseed oil is an effective insecticide against green peach aphids (M. persicae) in all life stages. The mortality 
rate of M. persicae increased with increasing concentration of flaxseed oil. Flaxseed oil was most effective 
against nymphs, especially in the first stage. Flaxseed oil also reduced the fecundity of M. persicae adults. 
Flaxseed oil can be applied to plants as a foliar spray or to the soil. Flaxseed oil is a safe and environmentally 
friendly alternative to chemical pesticides.Flaxseed oil is more effective than neem oil against M. persicae. 
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Flaxseed oil is more effective against M. persicae than the chemical pesticide Actara when applied as a foliar 
spray. In conclusion, flaxseed oil is a promising new insecticide effective against green peach aphids. It is safe 
for the environment and can be applied in various ways. Flaxseed oil can be valuable in integrated pest man-
agement (IPM) programs. 
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