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Knapsack sprayers of various types are commonly used in Egypt, especially in small farms,
but; performance of most of these sprayers and their ability to be used pesticides accurately
and efficiently is poor. Therefore, this research was carried out to overcome some problems
of knapsack sprayers, uneven spraying and low field capacity. The research aims to
develop and evaluate performance of a boom for a knapsack sprayer to improve spray
quality and distribution pattern and increasing the field capacity. The developed boom
was tested at different spray pressures, nozzles spacing and height of spray boom. The
results showed that; The average values of spray liquid discharge rates for the developed
sprayer were 1.29, 1.56 and 1.86 L/min at spray pressures 1.5, 2.0 and 2.5 bar, respectively.
For the uniformity of spray volume distribution, the ratio of nozzle spacing to spray height
1:1 was the best for all tested cases of spray pressure due to the values of variation
coefficient was less than 10 %, and it's preferable to be nozzles spacing and spray height at
50 cm to increase the performance rate of spraying under all tested pressures. The
developed sprayer can be used for spray volume rates from 60 - 80 L/fed. The maximum
values of the theoretical field capacity were 1.86 and 1.40 fed/h for spray volume rates of
60 and 80 L/fed, respectively at spray pressure of 2.5 bar, whereas; The maximum values
of the effective field capacity were 1.44 and 1.12 fed/h for spray volume rates 60 and 80
L/fed, respectively at spray pressure of 2.5 bar and spraying width of 3.0 m. Also, the
average values of field efficiency were 82.20, 80.53 and 78.81 % at spray pressures 1.5, 2.0
and 2.5 bar, respectively. the average values of continuous operating time of the developed
sprayer using the battery were 8.27, 5.55 and 3.85 h at operating pressures 1.5, 2.0 and 2.5
bar, respectively.

1. Introduction

sprayers are indispensable agricultural equipment for
small farmers to pest control because of affordability

There are different pest control methods like bi-
ological pest control, trap cropping, pesticides, fumi-
gation, sterilization, etc. Among them, pesticide ap-
plication is the most widespread and oldest method
worldwide. Pesticides are being used till now for pro-
tecting crops and increasing the yield of crops. These
pesticides are mostly being applied using sprayers,
Bhanagare (2015) and Rabbani et al. (2020). Knapsack
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and ease of operation, knapsack sprayers commercially
available are manual, petrol engine operated and
battery operated, Sinha et al. (2018). The quality of a
number of these sprayers and their ability to be used to
apply pesticides accurately and efficiently is of great
concern due to their design and operation. In addition
to that, most of the sprayers performed poorly,
indicating that they are poorly designed with poor
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materials and mishandled by the farmers, Mamat and
Omar (1992). It was estimated that around 50 to 80 % of
applied pesticides are wasted due to poor spray
machinery and inappropriate application methods,
Khan et al. (1997).

Rabbani et al. (2020) designed and developed a
boom for lever operated sprayer; the boom contained
four plastic nozzles at a distance interval of 20.75 cm,
then tested performance of this boom, they found that;
the effective field capacity of the boom sprayer was 0.35
fed/h at walking speed of 2.015 km/h whereas the field
efficiency was 71.86 %. Rahman (2010) reported that the
effective field capacity of the boom sprayer and
spraying by lance swing were 0.48 and 0.46 fed/h,
respectively by considering the field efficiency of 75%
and the coefficient of uniformity of spray distributions
was improved by 28% due to using the boom and
concluded that the boom might be used with a lever
operated knapsack sprayer to increase the uniformity of
deposition. Wang et al. (1995) carried out a laboratory
experiment on uniformity of spray volume distribution
for agricultural nozzles and showed that nozzle height
had a strong effect on spray distribution uniformity, but
spray pressure had no significant effect on the
uniformity. Alaa et al. (2017) mentioned that the value
of coefficient of variation (CV) is an indicator for the
uniformity of spray liquid. The determined CV value
from the field deposit must be 15% or less at applying
pesticide on soil, grass, or weed surfaces, according to
ISO 5681(1992), while the laboratory CV value is
usually smaller than this value (15%) which was
measured under the field condition, (Smith, 1992). ISO
16122-2 (2015) set a threshold for the uniformity of the
spray distribution within the total overlapped range;
the CV according to this standard must be 10% or less
under laboratory scale.

Elsanusi et al. (2020) tested three types of spray
equipment were; ULVA sprayer (centrifugal atomiza-
tion technique), electric battery sprayer (pressure or
hydraulic atomization) with flat fan Ss83 nozzle and
conventional motor sprayer (pressure or hydraulic
atomization). For electric battery sprayer the obtained
data were as follow; the values of spray liquid flow rate,
application rate, spray height, spray width and
productivity were 0.85 L/min, 89.3 L/fed, 50 cm, 100 cm
and 0.57 fed/h at working speed of 2.4 km/h.

The overlap or unsprayed areas can be occurred
during swing operation of lever operated knapsack
lance and the nozzle height was changed by 10% in each
swing of lance and it is quite impossible to maintain a
constant nozzle height during swing of the lance. Also;
the operator of sprayer will suffer from health hazards
by swing of lance in front of his body, Alam et al. (2000)
and Rahman (2010). In addition to irregular walking
speed during spraying process and indeterminate
nozzle height from plant tops resulting uneven
distribution of spray liquid. So, this study was carried

out to overcome these problems, uneven spraying and
low field capacity.

This research aims to develop and evaluate per-
formance of a boom for a knapsack sprayer to improve
spray quality and distribution pattern, the specific
objectives were as follow:

uniform distribution of spray liquid and increas-
ing the field capacity

spraying, theoretical field capacity, effective field
capacity, field efficiency and daily operating
time for the developed sprayer by using a
battery.

2. Materials and methods

All experiments were carried out at the Laboratory
of Agricultural Machinery and Power Engineering
Department, Faculty of Agricultural Engineering, Al-
Azhar University, Cairo, Egypt, in the year of 2020.

2.1. Materials
2.1.1. Magnetization treatment device

The materials used in this research consisted of the
developed knapsack sprayer, measuring tools and de-
vices.

2.1.2. Developed knapsack sprayer

The developed sprayer consisted of electric knap-
sack pesticide sprayer and spray boom. The knapsack
pesticide sprayer before development is shown in
Figure 1. This sprayer was used in this study for many
reasons: more common and used by Egyptian farmers
(especially in small areas), can be powered manually or
electrically, easily operation, maintenance, trans-
portation, small storage area, low consumed energy,
therefore; low operating cost and uniformity of liquid
flow rate due to constant pressure. In addition to that
the sprayer is modifiability and development.

(1) Sprayer tank, (2) Filler cap, (3) Hand pump, (4) Hand
pump arm and 5) Spray lance

Figure 1. Knapsack sprayer used before development.
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The specifications of the knapsack sprayer are as
follow; the sprayer brand is Lamsin, model number is
HX-D18F and place of origin is China. This sprayer is
works with liquid pressure (hydraulic atomization)
from 2.5 to 4.5 bar. Dimensions of sprayer are 40 cm for
length, 17 cm for width and 47 cm for height. Tank of
sprayer is made of high-density polyethylene and its
capacity of 20 liters. The sprayer has a 12V DC
diaphragm pump, consumed current range from 1.4 to
2 A and its speed ranged from 2800 to 3200 rpm. The
sprayer has a 12 V (DC) battery with capacity of 9 Ah.
The total weight of sprayer at full tank with water is 26
kg. The sprayer has regulator to control in operating
pressure or flow rate of spray liquid.

The spray boom consists of six nozzles from type
of flat fan spray pattern. The specifications of used
nozzle were as follow; No: PL D-5, diameter of nozzle
hole is 0.5 mm, operating pressure range from 1.4 - 7.0
bar and liquid discharge rate range from 0.21 -0.5
L/min. The nozzles were connected by using a hosepipe
to control the nozzles spacing on the boom. In order to
measure the spray liquid pressure during running; a
pressure gauge was placed in the midpoint of the spray
boom. The developed boom was mounted at the back
of the sprayer to protect the sprayer operator from
contaminating his body with pesticide spray. The
developed knapsack sprayer and equipped with spray
boom is shown in Figure 2.

(1) Sprayer tank, 2) Pressure gauge, 3) Boom, 4) Nozzles
and 5) Control lever in spray height.

Figure 2. 3D drawing of the developed knapsack sprayer.

2.1.3. Measuring tools and devices

The measuring devices used in this study were as

connected in themldpomt of spry boom to measure the
spray pressure, the device brand is SOLO, its accuracy
of 0.1 bar and range of measuring ranged from 0.1 up to

measure the time discharge of individual nozzle of
spray boom and sprayer tank discharge as a batch
volume in addition to measure a daily spraying time by

with capacity of 100 ml was used to measure the
amount of discharged liquid of each of channels of
patternator during testing of spray distribution pattern.

Performance evaluation methodology of the de-
veloped sprayer was carried out to achieve the fol-
lowing objectives:

for uniform distribution of spray liquid and in-
creasing the field capacity.

= Study of some spray characteristics; spray liquid
discharge rate and spray volume distribution
pattern.

* Determine of the field performance; speed of
spraying, theoretical field capacity, effective field
capacity and field efficiency at spray volume rates
(20, 40, 60 and 80 L/fed) and different ratios of
length to width of feddan (1:1, 2:1 and 3:1). In
addition to determine the daily operating time by
using the sprayer battery.

The following factors were studied:

= Spray pressure (1.5, 2.0 and 2.5 bar),

= Nozzles spacing (30, 40 and 50 cm) and

= Spray heights as follow:
- 20 and 30 cm at nozzles spacing 30 cm,
- 20, 30 and 40 cm at nozzles spacing 40 cm and
- 20, 30, 40 and 50 cm at nozzles spacing 50 cm.

All experiments were replicated three times and
the average value was taken as the value of the
experiment.

2.1.4. Spray characteristics
2.1.4.1. Spray liquid discharge rate

The spray liquid discharge rate (Q L/min) for spray
boom supplied with six nozzles was determined by
using the tap water, the values of spray discharge rates
at tested operating pressures were calculated by using
the following equation:

Vr
=— ..]1
Q= ..[1]
where Vi: is the total volume of the collected spray
liquid (liters) form all nozzles and

t: discharge time (min).
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2.1.4.2. Spray volume distribution pattern

The spray volume distribution pattern was tested
by using a patternator according to Bhanagare (2015).
The patternator was made of asbestos-cement and its
dimensions are 300 cm for length and 100 cm for width.
The patternator (Figure 3) consists of 37 curved grooves
at equal spacing each of 8 cm and depth of 2.5 cm. The
patternator was installed above wooden base and its
inclination angle was 5° to easy collect the tested liquid
(tap water) in the plastic cups. The spray boom was
placed horizontal above the patternator at height of 20,
30, 40 and 50 cm to determine spray volume
distribution pattern by using two nozzles. The distance
between the two nozzles was changed as previously
mentioned. The sprayer was operated for three minutes
for each experiment at the following pressures values;
1.5, 2.0 and 2.5 bar. The coefficient of variation (CV, %)
was used to evaluate the uniformity of the spray
transverse distribution according to the following
equations:

cV = (%) X100 ...[2]

where S: is the standard deviation of spray distribution
(cm®) and can be calculated from the following
equation:

’Z(Xi —X)?

X: mean volume of collected spray in all beakers
(cm?) and can be calculated from the following
equation:

n

X = . [4]

x;: volume of collected spray (cm?) and

i:1, 2,3, ... n (number of beakers used).

1) Nozzles, 2) Patternator and 3) Plastic cups

Figure 3. 3D drawing of the patternator.

2.1.5. Field performance
2.1.5.1. Speed of spraying

The speed of spraying was calculating by using the
following equation:

S = (ﬁ) x (%) ..[5]

where S: is the spraying speed, (km/h),

L: length of the field, (m) and can be calculated
from the following equation:

_ A
= W
A: area of one feddan (4200 m?2).

L ..[6]

Ws: effective width of spraying, (m) and can be
calculated as follow:

Ws = nozzles spacing X number of nozzles ...[7]

tgy: discharge time of required spray volume per
feddan (min).

2.1.5.2. Theoretical field capacity

The theoretical field capacity (TFC, fed/h) was
calculated using the following equation according to
Rabbani et al. (2020):

S X Ws x 1000

4200

2.1.5.3. Effective field capacity

The effective field capacity (EFC, fed/h) was
calculated by using the following equation:

60
EFC = 9]
(Trn + Trer + Ty + Trm)

TFC =

where Try: is the time of theoretical spraying per
feddan, (min/fed) and can be calculated from the
following equation:

TTh = T_FC [10]

Tres: lost time in sprayer tank refilling per feddan,
(min/fed) assumed (5 min per one time) and can
be calculated from the following equation:

TRef = NTRT X5 .. [11]
Nrrr: number of tank refilling times per feddan,
Ty: lost time in turning per feddan, (min/fed)
assumed (3 sec per turn) and can be calculated
from the following equation:

Nr: number of turns per feddan and can be
calculated from the following equation:

Ng = [(%:) - 1] .[13]
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Wr: width of field, (m)
Ws: effective width of spraying, (m)

Trm: lost time in maintenance and repair per
feddan, (min/fed) assumed (10 % from
theoretical time of spraying).

2.1.5.4. Field efficiency

The field efficiency of spraying process is the ratio
of the effective field capacity to the theoretical field
capacity or the ratio of theoretical spraying time to
effective spraying time according to El-gendy (1994)
and Rahman (2010). The field efficiency (1, %) was

calculated using the following equation:
L x 100
1= TRC

2.1.5.5. Daily operating time

.. [14]

The sprayer battery was fully charged by
Alternating current using a charger (12 V) then, the
daily operating time of the sprayer battery was
determined at the tested operating pressures.

3. Results and discussions

This chapter contains the obtained results from this
study, these results were presented, discussed, and
evaluated under the following items: spray

the developed knapsack sprayer (speed of spraying,
theoretical field capacity, effective field capacity, field
efficiency and daily operating time).

3.1. Spray characteristics
3.1.1. Spray liquid discharge rate

The results revealed that the average values of
spray discharge rates were 1.29, 1.56 and 1.86 L/min at
operating pressures 1.5, 2.0 and 2.5 bar, respectively for
all tested cases under the range of nozzles spacing from
30 to 50 cm at using 6 nozzles on the spray boom.

3.1.2. Spray volume distribution pattern

The spray volume distribution pattern was
investigated using patternator for two nozzles, the
experiments were carried out under three operating
pressures; 1.5, 2.0 and 2.5 bar. For each pressure, three
distances between two nozzles were tested at different
heights of spray boom as follow; 30 (at height of 20 and
30 cm), 40 (at height of 20, 30, and 40 cm) and 50 cm (at
height 20, 30, 40 and 50 cm). Figures 4, 5 and 6 show the
spray volume distribution pattern for two nozzles.
Generally, it's found that the breadth of spray increased
with increasing the distance between two nozzles,
boom height and spray pressure. As expected, it’s noted
that the overlap increased with decreasing the distance
between two nozzles from 50 to 30 cm and increasing

the spray pressure from 1.5 to 2.5 bar. Also, the results
showed that; the maximum values of spray liquid
deposition were recorded at the center of patternator
whereas the minimum values were recorded at the
extreme ends of the patternator.

The average values of variation coefficient of spray
volume distribution were calculated for amounts of
deposited liquid in curved grooves of patternator
which parallel to distance between two tested nozzles
at different spray pressures, boom heights and nozzles

variation coefficient was 4.4 % at height of 30 cm and
pressure of 1.5 bar while, the highest value of variation
coefficient was 10.7 % at height of 30 cm and pressure
revealed that, the lowest value of variation coefficient
was 5.6 % at height of 40 cm and pressure of 2.0 bar
while, the highest value of variation coefficient was 17.1

value of variation coefficient was 5.5 % at height of 50
cm and pressure of 1.5 bar while, the highest value of
variation coefficient was 20.5 % at height of 20 cm and
pressure of 2.0 bar.

_, 90 1 ——height 20 cm —a—height 30 cm
£ 80
E" 70 4 Nozzles spacing; 30 cm
2 0 |
=
= 50 A
5 40 1
= 30
2 20
= 10
- d

88 80 72 64 56 48 403224 16 8 0 8 16 24 32 40 48 56 64 72 80 88
y 90 4 =—@—height20 cm  =e=height 30 cm =@—height 40 cm
E 80 -
—é 70 - Nozzles spacing; 40 cm
= 60 -
S
= 50 A
Z 40 -
S 30 4
P
£ 20 A
:—é 10 -

0 -
88 80 72 64 56 48 403224 16 8 0O 8 16 24 32 40 48 56 64 72 80 88
20 —=—hicght 20 cm =—de=—hecight 30 cm
E“- 80 —@—height 40 cm =se=height 50 cm
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=1
= 60
S
= 50 4
=
= 40
s 30
Py
£ 2
210 4
0
88 80 72 64 5648 40 3224 16 8 0 8 16 24 32 40 48 56 64 72 80 88
Distance , cm

Figure 4. Spray volume distribution pattern for two noz-
zles at different nozzles spacing and boom
heights under operating pressure of 1.5 bar.
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Figure. 5. Spray volume distribution pattern for two noz-

zles at different nozzles spacing and boom
heights under operating pressure of 2.0 bar
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Figure 6. Spray volume distribution pattern for two noz-

zles at different nozzles spacing and boom
heights under operating pressure of 2.5 bar.

Table 1

Variation coefficient values of spray distribution pattern at
different spray pressures, boom heights and nozzles spacing.

o Values of CV,
N LR elo} [
= %D/E\ z z (%) , Average
NS > 8 at operating (+ SD)
z & g pressure, (bar)
@ 1.5 20 25
30 20 8.6 103 12 10.30(1.70)
30 44 87 107 7.93(3.22)
20 171 82 11.8 12.37 (4.48)
40 30 117 116 93 10.87(1.36)
40 86 56 75 7.23(152)
20 182 20.5 144 17.70(3.08)
50 30 144 115 13 12.97 (1.45)
40 17.3 123 10.7 13.43(3.44)
50 55 7.6 11.6 8.23(3.10)

The results also indicated that the mean values of
variation coefficient under the tested range of spray
pressure decreased with increasing the height of spray
boom for all tested nozzles distances. From Table 1 the
mean values of variation coefficient under the tested
range of spray pressure decreased from 10.30 to 7.93 %
when increased the height of spray boom from 20 to 30
cm at nozzles spacing of 30 cm. Whereas the mean
values of variation coefficient under the tested range of
spray pressure decreased from 12.37 to 7.23 % when
increased the height of spray boom from 20 to 40 cm at
nozzles spacing of 40 cm. Also, it's observed that the
mean values of variation coefficient under the tested
range of spray pressure decreased from 17.70 to 8.23 %
when increased the height of spray boom from 20 to 50
cm at nozzles spacing of 50 cm. Therefore, we can
concluded that the variation coefficient values of spray
volume distribution pattern of the developed knapsack
sprayer are acceptable when the ratio between nozzles
spacing to boom height equal 1:1 [(30:30), (40:40) and
(50 cm: 50 cm)] because these values are within or less
than 10%, according to Siebe and Luck (2016). Whereas
the tested range of spray pressures (1.5 to 2.5 bar) have
no detectable effect on the variation coefficient values
of spray distribution pattern. Consequently, it is
preferable to be nozzles spacing and spray height at 50
cm to increase the performance rate of spraying for all
tested pressures.

3.2. Field performance
3.2.1. Speed of spraying

Table 2 shows the calculated values of spraying
speed at operating pressure (1.5, 2.0 and 2.5 bar) of the
developed sprayer and spraying width 3.0 m
corresponding to the nozzles spacing 50 cm at using 6
nozzles on spray boom under different spray volumes
(Application rate); 20, 40, 60 and 80 L/fed. The results
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showed that the values of spraying speed gradually
decreased with increasing the spray volume rate from
20 to 80 L/fed for all parameters of tested spray
pressures. Under the range of operating pressures
(from 1.5 to 2.5 bar) corresponding to the range of spray
discharge rates (from 1.29 to 1.86 L/min) required
applying for field crops in scale of low volume (20 to 80
L/fed) and spraying width 3.0 m it's found that the
speed of spraying ranged from 1.35 to 5.42, 1.64 to 6.56
and 1.95 to 7.78 km/h at spray pressures 1.5, 2.0 and 2.5
bar respectively, but; the values of speeds under spray
volume from 20 to 40 L/fed were high and not suitable
for sprayer operator, whereas; the values of spray
speeds under the spray volume rates from 60 to 80 L/fed
can be applied according to required spray volume rate.
Matthews (2008) mentioned that the required spray
volume should be increase with increasing the age of
plant because increasing of plant surface area. So,
shouldn't never only dependence on the ground area
occupied with a crop, therefore; we can choose the
suitable operating conditions from Table 2 for applying
the required spray volume from 60 to 80 L/fed, these
conditions include spray pressure and suitable
spraying speed which achieve the required spray
volume according to plant type, planting method and
its age which related to size (area of plant surface).

Table 2

Effect of spray pressure and spray volume rate on speed of
spraying at nozzles spacing 50 cm.

Speed of spraying, (km/h)

Spray pres- at different spray volumes,
S (L/fed)
(bar)
20 40 60 80
1.5 5.42 271 181 135
2.0 6.56 328 218 1.64
25 7.78 391 260 195

3.2.2. Theoretical field capacity

The theoretical field capacity was determined at
parameters of operating pressures (1.5, 2.0 and 2.5 bar),
spraying width (3.0 m) and spray volume rate (60 and
80 L/fed) as shown in Table 3. The results showed that
the average values of theoretical field capacity
decreased with increasing the spray volume rate from
60 to 80 L/fed for all cases of tested spray pressures,
also; it was found that the values of theoretical field
capacity increased with increasing the spray pressure
from 1.5 to 2.5 bar for all tested cases of spray volume
rates. Under the range of spray volume from 60 to 80
L/fed, the values of theoretical field capacity ranged
1.29 to 0.97 with mean 1.13 +0.16, 1.56 to 1.17 with mean
1.37 + 0.20 and 1.86 to 1.40 with mean 1.63 + 0.23 fed/h
for spray pressures 1.5, 2.0 and 2.5 respectively.

Table 3

Effect of spray pressure on theoretical field capacity at
different spray volume rate

Theoretical field capacity

Spray (fed/h)
X Average
pressure, at different spray vol- (+SD)
(bar) umes, (L/fed) g
60 80
1.5 1.29 0.97 1.13 (0.16)
2.0 1.56 1.17 1.37 (0.20)
2.5 1.86 1.40 1.63 (0.23)

3.2.3. Effective field capacity

The results indicated that the values of the effective
field capacity decreased with increasing the spray
volume rate from 60 to 80 L/fed for all cases. Also, it was
found that the values of the effective field capacity
increased with increasing spray liquid discharge rate
from 1.29 to 1.86 L/min and ratio of length to width of
feddan from 1:1 to 3:1.

From Table 4, under the range of ratio of length to
width of feddan area from 1:1 to 3:1 and spray volume
rate from 60 to 80 L/fed, it was found that the values of
effective field capacity ranged from 0.80 to 1.05 with
mean 0.93 +0.12 fed/h, 0.95 to 1.24 with mean 1.10+0.14
fed/h and 1.11 to 1.45 with mean 1.28 + 0.16 fed/h at
spray liquid discharge rates 1.29, 1.56 and 1.86 and
spray pressure 1,5, 2.0 and 2.5 bar respectively.

Table 4

Effect of spray discharge rate and ratio of length to width for
feddan area on effective field capacity at nozzles spacing of 50
cm.

Effective field capacity,

Discharge  Ratio of (fed/h)
rate, length  at different spray volumes,
(L/min) to width (L/fed)
60 80
01:01 1.04 0.80
1.29 02:01 1.05 0.81
at 1.5 bar 03:01 1.05 0.81
Average 1.05 0.81
01:01 1.22 0.95
1.56 02:01 1.24 0.96
at 2.0 bar 03:01 1.24 0.96
Average 1.23 0.96
01:01 1.42 1.11
1.86 02:01 1.44 1.12
at 2.5 bar 03:01 1.45 1.13
Average 1.44 1.12

3.2.4. Field efficiency

Table 5 shows the effect of different parameters of
spray pressure and spray volume rate under the range
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of length to width ratio of feddan area. The results
showed that the values of field efficiency increased with
increasing the spray volume rate from 60 to 80 L/fed for
all tested cases of the spray pressures, also; it was found
that the values of the field efficiency decreased with
increasing the spray pressure from 1.5 to 2.5 bar for all
tested cases under spray volume rate. From Table 5,
under the range of spray volume rate from 60 to 80
L/fed it was found that the values of the field efficiency
ranged from 81.01 to 83.28 with mean 82.20 +1.19, 79.22
to 81.84 with mean 80.53 + 1.31 and 77.31 to 80.30 with
mean 78.81 + 1.49 % at operating pressures 1.5, 2.0 and
2.5 bar corresponding to the liquid discharge rates 1.29,
1.56 and 1.86 L/min, respectively.

Table 5

Effect of spray pressure and spray volume rate on the field
efficiency of spraying.

Field efficiency of spraying, (%)

ii;i};e at different spray volumes,
P bar) (L/fed)
60 80
15 81.01 83.28
2.0 79.22 81.84
2.5 77.31 80.30

3.2.5. Daily operating time

The daily operating time of the developed sprayer
was carried out to determine the discharge time of
sprayer battery at tested operating pressures. The
results showed that the continuous operating time of
the developed sprayer by using the battery were 8.27,
5.55 and 3.85 h at operating pressures of 1.5, 2.0 and 2.5
bar with constant spraying rates were 1.29, 1.56 and 1.86
lit/min, respectively.

4. Conclusions and recommendations
Conclusions

* The average values of spray liquid discharge rates for
the developed sprayer were 1.29, 1.56 and 1.86 L/min
at spray pressures 1.5, 2.0 and 2.5 bar, respectively.

* For the uniformity of spray volume distribution, the
ratio of nozzle spacing to spray height 1:1 was the best
for all tested cases of spray pressure due to the values
of variation coefficient was less than 10 %, and it's
preferable to be nozzles spacing and spray height at
50 cm to increase the performance rate of spraying un-
der all tested pressures.

* Under the range of spray pressure from 1.5 to 2.5 bar,
the developed knapsack sprayer can be used for spray
volume rates from 60 to 80 L/fed.

* The maximum values of the theoretical field capacity
was 1.86 and 1.40 fed/h for spray volume rates of 60
and 80 L/fed, respectively at spray pressure of 2.5 bar.

* The maximum values of the effective field capacity
were 1.44 and 1.12 fed/h for spray volume rates 60 and
80 L/fed, respectively at spray pressure of 2.5 bar and
spraying width of 3.0 m.

* The average values of field efficiency were 82.20,
80.53 and 78.81 % at spray pressures 1.5, 2.0 and 2.5
bar, respectively.

* the average values of continuous operating time of
the developed sprayer using the battery were 8.27,
5.55 and 3.85 h at operating pressures 1.5, 2.0 and 2.5
bar, respectively.

Recommendations

* The developed knapsack sprayer equipped with
spray boom (6 nozzles) and spray width of 3.0 m, can
be used in pest control for field crops at spray pres-
sure 2.5 bar and boom height of 50 cm from plant tops
for spray volume rate from 60 to 80 L/fed.

* Development of the sprayer to power by solar en-
ergy (photovoltaic cell system) due to reducing the
daily operating time at spray pressure of 2.5 bar.

= Periodic inspection and calibration of spray nozzles
should be carried out before pest control process. In
addition to periodic cleaning of tank and spray noz-
zles from pesticide residues after spraying.
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