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A B S T R A C T 
 

This research aims to evaluate the effect of different pesticide application techniques on 

vertical distribution of the droplets on the plant leaves eggplant plants, drift outside 

treatment and Lost spray on soil during spraying. The following are the techniques for 

applying the pesticides were used: Centrifugal Atomization Technique "CAT" (17.3 

L/fed); Pressure or Hydraulic Atomization Technique "PHAT" (129.8 L/fed); Air Atomi-

zation Technique "AAT" (46.7 L/fed) and integrating Hydraulic with Air Atomization 

Technique "HAAT" (43.3 L/fed) with variable spraying rates, and with the use of two 

pesticides (Buprofezin and Fenpyroximate) for control pest spider mite Tetranychus ur-

ticatae koch on Eggplant leaves. The results showed that the highest spray spectrum de-

posit  value on the lower surface of plant leaves ranged between 26 to 44 and 30 to 44 

droplets/cm² and  63 to 95 and 72 to 95 µm for HAAT while, the lowest spray spectrum 

deposit value was on the lower surface of plant leaves ranged between 19 to 24 and 14 

to 35 droplets/cm² and 100 to 103 and  93 to 103 µm for PHAT for each Buprofezin and 

Fenpyroximate  respectively. Also, the spraying with CAT gave less drift spray value 

outside treatment and lost spray on soil if compared with techniques used.

 

1. Introduction 

Different types of sprayers can be used according to 

the growth of different types of crops as follows: Hand 

operated sprayer, Engine operated sprayer and Electric 

motor pump sprayer using electricity for charging bat-

tery (Narete and Waghmare, 2016). The Pesticide sprays 

aimed to maximize Pesticide efficacy and minimize 

their adverse effects. also, factors such as optimum 

droplet size for killing, number of droplets per unit area 

might be optimized (Sundaram et al., 1985). Droplet 

size is one of the greatest factors that affects spray drift 

of pesticides (Bird et al., 1996). Spray drift affects not 

only water pollution and the environment but also ad-

jacent sensitive areas, such as schools and natural parks, 

and bystanders (Ellis et al., 2014). May be negative im-

pact if spray consisting of large droplet fall on the soil 

in the target area or small droplet drifting on to 

 

*Corresponding authors . 

E-mail addresses: omargad365@gmail.com (Elsanusi, O.G) 

 
https://doi.org/10.21608/azeng.2024.286698.1016    

Peer review under responsibility of Faculty of Agricultural Engineering, Al-Azhar University, Cairo, Egypt. 

Received 05 Febraury 2024; Received in revised form 09 March 2024; Accepted 11 March 2024 
Available online 01 July 2024 

2805 – 2803/© 2024 Faculty of Agricultural Engineering, Al-Azhar University, Cairo, Egypt. All rights reserved.  

neighboring crops (Ali et al., 2011). The air-assisted 

spraying improved the penetration of the spray solu-

tion into the plants and led to better distribution on the 

upper and lower surface of the leaves. Air assistance 

could be added to the electrostatic spraying to further 

improve spray deposition (Cerqueira et al., 2017). 

The insecticide effect of droplets sprayed is depend-

ent on spectrum droplets (Palti and Ausher, 1986). They 

found that deposition on plant surfaces was also found 

to be more than 13.4% with release height at 40 cm to 60 

cm and wind speed less than 4 m/s. For controlling fly-

ing pests, airborne deposit can increase chemical's 

spread on its body, so smaller volume medium diame-

ter (VMD) was more effective (Zhang et al., 2017). Big-

ger droplets have higher kinetic energy than smaller 

ones, they penetrate more through the internal portions 

of cotton plant. The author noticed that a greater 
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number of small droplets were affected by air currents 

(Shazly, 1985).  

Drift occurs by two methods: vapor drift and parti-

cle drift. Particle drift is the actual movement of spray 

particles away from the target area at or near the time 

of application  . Many factors affect this type of drift, but 

the most important is initial droplet size. Small droplets 

decelerate quicker than large droplets and fall through 

the air slowly, making them more likely to be carried 

farther by air movement (Greg et al., 2019).  The perfor-

mance of pest control depends on the proper choice of 

suitable technique to use for spraying. 

The aim of this study was to determine the effect of 

different pesticide application techniques on distribu-

tion, spray drift and loss on soil. 

2. Materials and methods 

The main experiments were carried out during the 

agricultural seasons of 2020/2021, 2021/2022 at the New 

Salheia, ElSharkia Governorate. 

2.1. Materials 

2.1.1. Eggplant crop 

The variety (Tamara) was used in this study for 

manual planting, planted in ridges. The distance be-

tween ridges was 100 cm and the distance between the 

plants in row was 40cm. The plant is upright, branch-

ing, and the plant height ranges between 70 – 80 cm. 

2.1.2. Field layout 

The experiments were carried out in a square shape 

area about 1.2 feddan. The experiment area divided into 

eight plots area of plot 350 m² (10m in width and 35m 

in length), and five meters were left between each plot 

(treatment) for measure the drift spray. Also, left area 

between each pesticide and the other (6m in width and 

75m in length).  

2.1.3. Pesticide used 

a) Buprofezin: Buprolord 25% SC  )Suspension Con-

centrate) with recommended rate 400cm3/fed. 

b) Fenpyroximate: Ortus Super 5% EC (Emulsifiable 

Concentrate) with recommended rate 50 cm3 /100 L 

(200cm3/fed) of water, (APC, 2021). 

2.1.4. Sprayers techniques used 

 The difference of spraying techniques. In addition 

to integrating hydraulic with air atomization tech-

niques. Following are the techniques for application of 

spray:  

a) Centrifugal Atomization Technique (CAT), 

b)  Pressure or Hydraulic Atomization Technique 

(PHAT), 

c) Air Atomization Technique (AAT), 

d) Hydraulic with Air Atomization Technique 

(HAAT). 

2.1.5. Weather conditions 

Weather conditions (temperature, relative humid-

ity and wind speed) during spray on the basis that wind 

speed, relative humidity and air temperature were 

ranged between (2 to 3 m/sec), (61 to 68%) and (17 to 

22°C) respectively during the agricultural seasons of 

2021, 2022. 

2.1.6. Technical data 

Table 1 show data of spraying volume at different 

pesticide application techniques. 

Table 1. 

Spraying volume at different pesticide application techniques 

Item CAT PHAT AAT HAAT 

Swath width, (m) 1.00 1.00 5.00 3.00 

Working speed, (km/h) 2.4 2.4 2.4 2.4 

Flow rate, (l/min.) 0.165 1.236 2.226 1.236 

Height of nozzle respect to the plant, (m) 0.50 

Rate of application, (l/fed.) 17.3 129.8 46.7 43.3 

2.2. Methods 

2.2.1. Distribution of the spray on Eggplant plants 

The distribution and homogeneity of Buprofezin 

and Fenpyroximate deposits on Eggplant leaves were 

investigated using water-sensitive papers (Ciba- Geigy, 

Switzerland). Water-sensitive paper was stuck to the 

upper and lower side of leaves on three vertical levels 

of Eggplant leaves for each plant. The sampling line 

consisted of five plants at a distance of one meter, in di-

agonal line inside each treatment to collected sprayer 

chemicals. Then the sensitive papers were collected 

carefully after allowing 1 h for spray to dry and scanned 

using Canon LiDE 400 scanner. Scanned images were 

subjected to deposit Scan free analytical software ac-

cording to (Zhu et al., 2011). The average volume me-

dian diameter (VMD or D v 0.5), and both D v 0.1 and D v 0.9 

were estimated, also coverage of droplet deposits 
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expressed as number of droplets (N) per cm2, (Bateman, 

1993).   

Comparing differences, mean the main effect and 

independent factors interaction were analyzed 

throughout SPSS software version 19.  

2.2.1.1. Homogeneity factor (HF) 

Homogeneity factor is an indication of the droplet 

size range. As the HF tends to be 1, spray droplets tend 

to have the same size, which can only be generated from 

a uniform droplet generator (Matthews, 1975). This is 

not the case in real spraying machines. The smaller this 

ratio, the more uniform in size and the narrower in 

spectrum are the droplets (Kathirve et al., 2000)    

The homogeneity factor, symmetric distribution, 

and spray bulk were calculated (Hanafi et al., 2016) ac-

cording to as follows: 

HF = VMD NMD⁄  … [1] 

where: 

VMD: volume medium diameter, and 

NMD: number medium diameter. 

2.2.1.2. Spraying bulk and vertical distribution 

The spraying bulk (SB) was calculated from Equa-

tion (Hanafi et al., 2016) as follows: 

SB = VMD × NMD … [2] 

The percent of vertical distribution (VD) was calcu-

lated from Equation (Hanafi et al., 2016) as follows: 

VD % = SBi SBt × 100⁄  … [3] 

where:  

SBi: is the spray bulk at certain, and  

SBt: is the total spray bulk at all levels. 

2.2.2. Drift spraying 

Three sensitive cards were placed on a wire holder 

were fixed in (L) shape on the top wire holders in the 

distances 1, 2, and 3m outside the limits of each treat-

ment to measure the drift spray lost by air of each 

Spraying techniques. 

2.2.3. Lost spray on soil  

Water sensitive paper was placed on the ground 

under five plants in order to estimate the spray depos-

ited on the soil. illustrated the spray coverage on Plants 

and loses on land. 

3. Results and discussions 

3.1. Distribution of the spray on Eggplant leaves   

Table 2 shows a comparative study of qualitative 

distribution of Buprofezin and Fenpyroximate of spray 

droplets on water sensitive paper, distribution 

throughout the treated field at different plant directs. 

The droplet density as number of droplets per square 

centimeter (N/cm²) deposited on water sensitive paper 

(WSP) distributed at all treatments using different 

spraying techniques.  

Results showed that in spray deposition (volume 

medium diameter VMD and number medium diameter 

NMD) was found between the top and the two lower 

levels (middle and bottom) and between upper and 

lower leaf surface within the plant for the tested spray-

ing techniques. 

Moreover, an uneven deposition could be detected 

throughout the different levels of the plants. The top 

level has apparently received the highest amount of de-

posits, while the middle level showed an apparent de-

crease in the spray deposits and the bottom level 

showed the lowest values. 

Results showed that the spray was deposited on the 

upper surfaces of the leaves, while the lower surfaces 

received low levels of the spray deposits. 

Moreover, an uneven detected throughout the dif-

ferent levels on the plant.  

Data also, the register highest value of average vol-

ume medium diameter (VMD) was the upper surface of 

the leaves, while the lower surface of the leaves, register 

lowest value of average volume medium diameter 

(VMD) with all levels.  

3.1.1. Droplets VMD and NMD 

Droplet comparison between different spraying 

techniques. Table 2 represent the summary statistics of 

VMD and NMD as determined for the tested spraying 

techniques and conditions. All results are the average of 

all replicates and all specimens for each technique. The 

volume medium diameter (VMD) and number medium 

diameter (NMD) ranged from (41 to 192µm), (28 to 

189µm) and (19 to 78 N/cm²), (14 to 69 N/cm2) for each 

Bubrofezin and Fenpyroximate respectively. 

The uniformity of drop spectra is an important fac-

tor that affects the efficacy and the extent of losses due 

to drift from various spraying techniques. Therefore, 

terms that may be useful to study the droplets size- 

spectra from various spraying techniques are VMD and 

NMD.  

Data also, showed that the highest value spray 

spectrum deposit on lower surfaces of the leaves plants 

ranged number droplet between (26 to 44 N/cm²), (30 to 

44 N/cm²) and ranged volume droplet between (63 to 95 

µm), (72 to 95 µm) at Hydraulic with Air Atomization 

Technique (HAAT) (43.3 L/fed), for each Bubrofezin 

and Fenpyroximate respectively, while that the lowest 

value spray spectrum deposit on lower surfaces on the 

leaves for plants ranged number droplet between (19 to  
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Table 2. 

Droplets –size and number spectra from tested spraying technique 

Plant level  Top  Middle  Bottom  

Lost spray on ground 

Sprayer 

 Upper Lower  Upper Lower  Upper Lower  

 VMD (5) 

(µm) 
No/cm2 (6) 

VMD 

(µm) 
No/cm2 

 VMD 

(µm) 
No/cm2 

VMD 

(µm) 
No/cm2 

 VMD 

(µm) 
No/cm2 

VMD 

(µm) 
No/cm2 

 VMD 

(µm) 
No/cm2 

B
u

b
ro

fe
zi

n
 

HAAT (1)  100 ± 19 69 ± 8 95 ± 8 44 ± 6  104 ± 13 51 ± 11 91 ±6 39 ± 12  119 ± 17 50 ± 14 63 ± 14 26 ± 6  137 24 

AAT (2)  118 ± 28 58 ± 17 105 ± 38 39 ± 13  134 ± 26 47 ± 16 99 ±15 28 ± 10  157 ± 28 40 ± 14 89 ± 33 22 ± 15  154 21 

PHAT (3)  165 ± 23 39 ± 13 103 ± 12 24 ± 6  192 ± 19 30 ± 13 100 ±16 19 ± 5  191 ± 20 24 ± 4 99 ± 13 20 ± 7  218 23 

CAT (4)  88 ± 8 78 ± 14 76 ± 10 41 ± 12  93 ± 13 61 ± 17 77 ± 12 35 ± 5  99 ± 13 63 ± 9 41 ± 26 23 ± 3  105 13 

F
en

p
y

ro
x

im
at

e 

HAAT  105 ± 39 69 ± 12 84 ± 12 43 ± 14  111 ± 31 49 ± 10 95 ± 6 44 ± 16  112 ± 10 42 ± 13 72 ± 13 30 ± 7  122 25 

AAT  123 ± 29 67 ± 13 116 ± 41 40 ± 12  134 ± 26 47 ± 16 101 ± 22 35 ± 11  145 ± 32 39 ± 15 98 ± 19 25 ± 16  154 24 

PHAT  179 ± 32 41 ± 17 109 ± 26 32 ± 9  173 ± 23 30 ± 14 103 ± 30 35 ± 12  189 ± 20 24 ± 11 93 ± 44 14 ± 8  196 19 

CAT  85 ± 15 61 ± 15 79 ± 9 42 ±14  91 ± 8 58 ± 10 75 ± 13 39 ± 6  94 ± 16 55 ± 3 28 ± 10 20 ± 4  109 18 

(1) HAAT: Hydraulic with Air Atomization Technique, 
(2) AAT: Air Atomization Technique, 
(3) PHAT: Pressure or Hydraulic Atomization Technique, 
(4) CAT: Centrifugal Atomization Technique, 
(5) VMD: volume mean diameter, and 
(6) No/cm2: Number of droplets/cm2. 
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24 N/cm²), (14 to 35 N/cm²) and ranged volume droplet 

between (100 to 103 µm), (93 to 103 µm) at Hydraulic or 

Pressure Atomization Technique (PHAT) (129.8 L/fed), 

for each Bubrofezin and Fenpyroximate respectively. 

The obtained results confirmed the positive relation-

ship between spraying volume and droplet size.  

These results agree with (Mathews 1992) indicated 

that most use of controlling droplet application has 

been for insecticide application with droplet size in 

range of 50 -150 µm. According to Gabir (1975) the op-

timum spectrum of droplet for controlling piercing-

sucking insects of field crop be sized between 25-100µm 

(VMD) with number not less than 20 droplets/cm² dis-

tributed homogenously on the treated target. 

General recommendations include smaller droplet 

size for increased coverage and performance, with 

agree Knoche (1994).  

In this study, the airstreams enhanced spray depo-

sition on the underside of leaves. Also, Air Atomization 

Technique (AAT) and HAAT improved the average de-

posit of lower leaf surfaces at two pesticides with agree 

Gan-Mor et al. (1996); Cerqueira et al. (2017). The air-

assisted sprayers offered better coverage than the other 

sprayers on the undersides of leaves and good coverage 

on the topsides (Sumner and Herzog 2000). 

3.1.2. Spray coverage on Eggplant plants 

3.1.2.1. Homogeneity factor (HF) 

Results in Table 3 reveal that CAT, HAAT, AAT, 

and PHAT showed satisfactory average homogeneity 

factors of (1.6 and 1.6), (2.1 and 1.7), (3.1 and 3) and (5.5 

and 5.1) with Buprofezin and Fenpyroximate respec-

tively. 

Table 3. 

Spray coverage on Eggplant plants, as produced by the tested spraying techniques 

Plant levels 
Place the 

spray card 

 HAAT  AAT  PHAT  CAT 

 SB HF VD%  SB HF VD%  SB HF VD%  SB HF VD% 

B
u

b
ro

fe
zi

n
 

T
o

p
 

Upper  6900 1.4 22.36  6844 2.0 21.74  6435 4.2 22.86  6864 1.1 25.52 

Lower  4180 2.2 13.56  4095 2.7 13.01  2472 4.3 8.78  3116 1.8 11.59 

M
id

d
le

 

Upper  5304 2.0 17.19  8298 2.9 20.00  5760 6.4 20.47  5673 1.5 21.10 

Lower  3594 2.3 11.65  2772 3.5 8.84  1900 5.3 6.75  2895 2.2 10.02 

L
o

w
er

 

Upper  5950 2.4 19.28  6280 3.9 19.95  4584 8.0 16.29  6237 1.6 23.20 

Lower  1638 2.4 5.31  1958 4.0 6.62  1980 5.0 7.03  943 1.8 3.50 

Lost spray on ground  3288 - 10.66  3234 - 10.27  5014 - 17.81  1365 - 5.07 

F
en

p
y

ro
x

im
at

e
 

T
o

p
 

Upper  7245 1.5 27.83  8241 1.8 23.88  7339 4.4 25.15  5185 1.4 21.25 

Lower  3612 1.9 12.22  4640 2.9 13.44  3488 3.4 11.95  3318 1.8 13.60 

M
id

d
le

 

Upper  5439 2.2 20.89  6026 2.8 18.35  5190 5.8 17.78  5278 1.6 21.63 

Lower  4180 2.2 5.58  3535 2.9 10.24  3605 3.0 12.35  2925 1.9 11.99 

L
o

w
er

 

Upper  4704 2.7 18.07  5655 3.7 16.38  4536 7.9 15.54  5170 1.7 21.19 

Lower  2160 2.4 3.69  2450 3.9 7.9  1302 6.6 4.46  560 1.4 2.30 

Lost spray on ground  3050 - 11.72  3696 - 10.71  3724 - 12.76  1962 - 8.04 

3.1.2.2. The percent of vertical distribution (VD%) 

After careful examination of the results of homoge-

neity factor and symmetric distribution pattern the sug-

gest that the most efficient techniques tested was Cen-

trifugal Atomization Technique "CAT" (37.11, 31.12, 

26.70%) (34.85, 33.62, 23.49%), followed by the Hydrau-

lic with Air Atomization Technique "HAAT"(35.92, 

28.84, 24.59%) (40.05, 26.47, 21.76%) for Buprofezin and 

Fenpyroximate respectively. 

 

3.2. Spraying drift 

The drift into adjacent land during application of 

Buprofezin and Fenpyroximate pesticides using differ-

ent techniques on Eggplant field was studied. Drift de-

posits of pesticides determined by volume median di-

ameter (µm) and number of droplets No/cm2). The de-

termination was assayed on the sensitive cards within 

adjacent land positioned at various distances from 

treated Eggplant field (1,2 and 3m).   
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Pesticide spraying techniques drift outside the 

treatment are shown in Table 4.   

The results showed that the Centrifugal Atomiza-

tion Techniques (CAT) gave the lowest drift rate out-

side the spraying area, followed by the Pressure or Hy-

draulic Atomization technique (PHAT), the spray drift 

occurring during the normal application of sprays. 

Also, note that the drift tends to be greater with smaller 

droplets than with large droplets. It is observed that, the 

first distance (1m) within adjacent land has received the 

highest amount of number of droplets, while the second 

distance (2m) showed an apparent decrease in the num-

ber of droplets and the third distance (3m) showed the 

lowest values. 

It is obvious that the distance travelled by the drop-

lets as drift increases with decreasing their sizes.  

Droplets of smaller size can remain suspended in 

the air for long periods and drift long distances. 

Table 4. 

Effect of different spraying techniques on drift   

Item 

Drift 

1m  2m  3m 

VMD 

(µm) 
No/cm² % No 

 VMD 

(µm) 
No/cm² % No 

 VMD 

(µm) 
No/cm² % No 

B
u

p
ro

fe
z

in
 CAT 29 8 72.72  29 3 27.28  Nd Nd Nd 

HAAT 55 24 66.76  42 11 30.55  29 1 2.78 

AAT 84 22 66.77  77 9 27.27  29 2 6.06 

PHAT 85 20 74.07  72 7 25.93  Nd Nd Nd 

F
en

p
y

ro
x

im
at

e CAT 103 8 100  Nd (1) Nd Nd  Nd Nd Nd 

HAAT 91 25 52.08  61 14 29.17  44 9 18.75 

AAT 72 26 52.00  76 19 38.00  29 5 10.00 

PHAT 55 12 70.59  59 5 29.41  Nd Nd Nd 

(1) Nd= not detected 

3.3. Lost spraying on soil 

 Table 5 shows the effect of different spraying tech-

niques on lost on soil, the percentages of the spray lost 

on the soil were 5.07%and 8.04% and 10.66 and 11.72% 

and 10.27 and 10.71% and 17.81 and 12.76% for Bu-

profezin and Fewnpyroximate pesticide at CAT, 

HAAT, AAT and HPAT respectively. 

Table 5. 

Effect of different spraying techniques on lost on soil 

Pesticide 
Spraying tech-

niques 

VMD 

(µm) 

NMD 

(No/cm²) 

Percentage of the spray lost 

on ground 

B
u

p
ro

fe
zi

n
 CAT 105 13 5.07 

HAAT 137 24 10.66 

AAT 154 21 10.27 

HPAT 218 23 17.81 

F
en

p
y

ro
x

i-

m
at

e 

CAT 109 18 8.04 

HAAT 122 25 11.72 

AAT 154 24 10.71 

HPAT 196 19 12.76 

4. Conclusions  

1) The deposition was an uneven throughout the 

different levels of the plant. The top level has 

received the highest amount of deposits, while the 

middle level showed apparent decrease in the 
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spray deposits and the bottom level showed the 

lowest values. 

2) Average pesticide deposits on upper leaf surfaces 

were found to be higher than average pesticide 

deposits on lower leaf surface of Eggplant in all 

pesticide application techniques. 

3) The highest spray drift was obtained from HAAT, 

while lowest spray drift was obtained from CAT 

followed PHAT. 

4) The pest HF occurred with the CAT followed 

HAAT. 

5) The highest lost spraying on ground was obtained 

from HPAT, while lowest lost spraying on 

ground was obtained CAT. 
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ي    الملخص العرب 

سي لقتدددددددددرات أاخدددددددددت ح تقنيدددددددددات تتليدددددددددز ال ليددددددددددات ال  تل دددددددددة عددددددددد  التوز ددددددددددددد  الدددددددددر  تددددددددد  ي  لى تقيددددددددديم إيهددددددددددح هددددددددد ا البحددددددددد  

 ندددددددا  ع ليدددددددة الدددددددر . وتدددددددم اسدددددددت دا  أوراق نباتدددددددات الباانجددددددداج والانجدددددددراح خدددددددارل رددددددددو  ال عاملدددددددة وال اقدددددددد عددددددد  الي  دددددددة أعددددددد   الدددددددر 
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/فدددددددددددداجذPHAT(  129.8الهيددددددددددددرولي    ايددددددددددد  بدددددددددددالهوا   تقنيدددددددددددة ، لي  ايددددددددددد  بال ددددددددددد   AAT(  46.7الي  /فدددددددددددداجذ،  مددددددددددد  تقنيدددددددددددة الي  لي 

/فدددددددددداجذ،HAAT(  43.3الهيددددددددددرولي  مددددددددد  الهدددددددددوا    ز    لي  ز مددددددددد  ال ليددددددددددات ) ددددددددد  روفي  ة، مددددددددد  اسدددددددددت دا  ندددددددددوع   بحجدددددددددو  ر  مت دددددددددي 

وكسي اتذ والك ل كافحة آفة العنكلوت الأ   ع  نباتات الباانجاج.  Tetranychus urticatae Kochر ر وفينلي 

ز أظهددددددددرت النتددددددددا   ال تح دددددددد  عليهدددددددددا أج أ سدددددددددسف قتددددددددرات الددددددددر  عدددددددد  السدددددددددت  السدددددددد   لأوراق النبددددددددات  ددددددددد  
عدددددددد  قي ددددددددة لي 

ز  2قتددددددددددرة /سددددددددددم 44لى إ 30 و  44لى إ 26 ميكددددددددددروج والددددددددددك مدددددددددد  اسددددددددددت دا    95لى إ 72 و  95لى إ 63ب رجددددددددددا  قتددددددددددرات تراوردددددددددد   دددددددددد  

ي  HAATتقنيددددددددة 
ز  قز سددددددددسف الددددددددر  عدددددددد  السددددددددت  السدددددددد   لأوراق النبددددددددات كاندددددددد  مدددددددد   اسددددددددت دا  تقنيددددددددة أج أردددددددد     PHATقدددددددد  قي ددددددددة لي 

ز   ز  2قتدددددددددددرة /سدددددددددددم 35لى إ 14 و  24لى إ 19ب عددددددددددددا  قتدددددددددددرات تراورددددددددددد   ددددددددددد    لىإ 93 و 103لى إ100ب رجدددددددددددا  قتدددددددددددرات تراورددددددددددد   ددددددددددد  

103  . وكسدددددددي ات عددددددد  التدددددددوالىي    وفينلي 
ز  أظهدددددددرت النتدددددددا   أميكدددددددروج ل ليدددددددد  ددددددد  روفي 

 
عددددددد  أ CATج الدددددددر  باسدددددددت دا  تقنيدددددددة أ ي دددددددا

رض مقارنددددددددددة  تقنيددددددددددات الددددددددددر  الأخددددددددددرى قدددددددددد  فاقددددددددددد عدددددددددد  الأأقدددددددددد  قي ددددددددددة مدددددددددد  انجددددددددددراح قتددددددددددرات الددددددددددر  خددددددددددارل ردددددددددددو  ال عاملددددددددددة و أ

 ال ست دمة. 


