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Development and Optimization of Operational
Parameters for Tractor-Operated Boom Sprayer
for Field Crops

ABSTRACT

Spraying is a crucial practice in agriculture, especially for the application of chemical
pesticides that play a vital role in protecting crops. However, there has been a worrisome
rise in the annual consumption of pesticides, leading to significant concerns. The excessive
use of these pesticides has resulted in substantial wastage, which is a cause for alarm. To
address these issues and enhance the gfficiency of pesticide application, a tractor-operated

boom sprayer was developed to ensure uniform spraying. The study focused on evaluating

and optimizing three operational factors: spacing between nozzles (30, 40, 50cm), spray
boom height (80, 90, 100cm), and pressure (17.5, 21.0, 24.5 kgcm™). A Factorial Completely
Randomized Design (CRD) approach was employed, 81 experiments (3°x3)-were conducted
and data were analyzed statistically by using the SPSS software package to investigate the
effect of operational parameters on the performance of the sprayer. The results revealed that
the operational parameters were significantly influencing the swath width and percent of
overlap during spraying. The optimum combination of operational parameters was obtained
using the R-software, the optimum combination for obtaining maximum swath width and
minimum overlap is spacing between nozzles at 50 cm, spray boom height at 90 cm, and
operating pressure at 24.5 kg cm?—{s;-h,-ps). The swath width and overlap at optimum
combination were 7.77m and 43.124%, respectively. Implementing this optimal combination
significantly improved the performance of the spraying activity, ensuring better coverage and
Jeducing potential wastage.
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1. INTRODUCTION

India is the most populous country in the world, where 70% of the total population
depends on agriculture for their livelihood [1]. The agriculture sector’s contribution to India’s
GDP decreased from 54% in 1950-51 to 15.4% in 2015-16 [2]. Pests, including pathogens,
animals, and weeds, can cause direct yield losses ranging from 20 to 40% of global
agricultural productivity [3,4]. The annual estimated production losses due to pests and
diseases are $220 billion globally and $42.66 million in India [4,5]. Plant protection practices
play a critical role in increasing food grain production. The chemical control method is the
most effective method of plant protection [6]. Whereas, Excessive—excessive use of
pesticides ean-have harmful effects on both the environment and human health [7]. So, the
selection of suitable sprayer is important.

In India, knapsack sprayers have emerged as indispensable agricultural tools for
small-scale farmers due to their affordability and ease of operation. However, manual
spraying with backpack sprayers tends to be highly erratic, resulting in uneven distribution of
the pesticide volume [8]. Whereas, the boom sprayer has a wide range of applications in
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field crops, including maize, soybeans, cotton, green gram, black gram, sorghum, and millets

[9].

Tractor-mounted boom sprayers are commonly used in large-scale farming
operations to control weeds, pests, and diseases and to fertilize crops. They are available in
various sizes and configurations, with some models capable of covering several acres in a
single pass. The use of boom sprayers can reduce the time and labor required for chemical
application and can improve the accuracy and effectiveness of the application, leading to
higher crop yields and reduced costs. Hence, the present study was undertaken to develop a
tractor-operated boom sprayer. The developed sprayer has three operational parameters
such as nozzle spacing (s), spray boom height (h), and operating pressure (p). each
parameter can adjust at three levels. The determination of a composite optimum
combination of operational parameters was important to avoid chemical losses and to
improve the performance of the sprayer [10]. [n total 81 (3°x3) were carried out for
determini‘ng the optimum combination at where the effective swath width and overlap were
achieved,

2. MATERIALS AND METHODS
2.1 Development of tractor-operated boom sprayer

The tractor-operated boom sprayer was designed and constructed with a main
frame that serves as the foundation for various essential components, including a chemical
tank, pump, hose pipes, spray boom, and a three-point hitch system. The spray boom was
designed with flexibility in mind, allowing for easy attachment and adjustment of nozzles at
three different spacing options (30, 40, and 50 cm). Moreover, the main frame featured a
mechanism to adjust the height of the spray boom (80, 90, and 100 cm) to suit specific crop
conditions. The sprayer offered three pressure settings (17.5, 21.0, and 24.5 kg cm'z) to
optimize the spray application process. Power for the pump, which had a capacity of 40 L
min™, was supplied by the tractor PTO through a V-belt drive. For chemical storage, the
sprayer was equipped with a 400 L capacity tank. To provide a clear understanding of the
sprayer's design, a schematic diagram was presented in Fig. 1, while Table 1. displayed the
relevant technical specifications considered in the study.

2.2 Evaluation of tractor-operated boom sprayer

In this study, operational parameters, as outlined in Table 2, were selected for
evaluation. To conduct the experiments, tap water served as the testing medium for the
sprayer. The statistical analysis was performed using a factorial completely randomized
design facilitated by the SPSS software package, which allowed for a comprehensive
assessment of the effect of the operational parameters on both the swath width and overlap
of the sprayer. Additionally, the R-software was utilized to implement a three-factor factorial
analysis, enabling the identification of the optimal combination of operational parameters. A
total of 81 experiments (3°x3) were carried out to thoroughly evaluate the sprayer's
performance under various configurations, with adjustments made to parameters such as
nozzle spacing, spray boom height, and operating pressure.

To determine the swath width, the sprayer was operated continuously for two
minutes, and the total wetted perimeter was carefully measured as shown in Fig. 1[10]. For
the assessment of overlap, only two nozzles were taken into consideration. In the initial step,
one nozzle was operated while the other remained closed, and the resulting wetted
perimeter was marked using a colored marker. This process was then repeated with the
second nozzle while keeping the first one closed, and the wetted perimeter was again
marked,Fig. 2. The area of intersection between the wetted perimeter of both nozzles and
the total wetted perimeter was measured, allowing for a precise determination of the overlap.

[

Comment [M1]: Itis a part of methodology and
may be deleted.




Fig. 2. Measurement of a spray overlap

Table 1. Technical specifications of developed tractor-operated boom sprayer
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Components

Particulars

Details

Source of power

Tank

Pump

Nozzle

Tractor

HDPE chemical tank

Type

Make and Model
Recommended rpm
Required power
Suction capacity
Maximum pressure
Number of nozzles
Type

Material

Pressure required
Spray angle

Spray coverage

35 hp

400 L

Piston-type pump
EagleHTP Spray pump
500-1000 rpm
2-3 kW

40 L min™

40 kg cm

14

Hollow-cone
Brass

14 kg cm™
Maximum 90°
Maximum 145 cm




Table 2. Plan of experiment to study the effect of operational parameters on swath
width and overlap

Variables Levels Details Measured parameters
Spacing between 3 $,=30; $,=40; s3=50 cm a. Swath width, m
nozzles

b. Overlap, %

Spray boom height 3 h;=80; h,=90; h;=100 cm

Pressure 3 p1=17.5; p,=21.0; p3=24.5
kg cm™

No. of replications 3

Fig. 3. Schematic diagram of the developed tractor-operated boom sprayer

. RESULTS AND DISCUSSIONS



3.1 Effect of operating parameters on sprayer performance

The effect of operational parameters on swath width and overlap was shown in Fig.
4 and 5, respectively. The results depicted in the graphical representations unveiled that an
increase in nozzle spacing led to a corresponding increase in the swath width, Fig. 4(a).
Whereas, the swath width exhibited an initial increase with rising spray boom height, peaking
at 90 cm, but then decreased beyond that point, Fig. 4(b). Similarly, the swath width
expanded as the operating pressure increased, Fig. 4(c). It was apparent that increasing the
nozzle spacing resulted in a decrease in overlap, Fig. 5(a). Similarly, the spray overlap of the
sprayer diminished as the boom height increased, Fig. 5(b). However, concerning operating
pressure, the overlap initially increased until reaching 21 kg cm, after which it gradually
decreased. Fig 5(c). Shows the effect of interaction effects on swath width and overlap.
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Fig. 5. Effects of operational parameters on overlap (a) Spacing, (b) Height, and (c)
Pressure

3.2 Analysis of variance for swath width and overlap

Analysis of variance (ANOVA) was done with the use of SPSS-software package by
considering the factorial completely randomized design. ANOVA table for swath width and
overlap is presented in Table 3 and 4, respectively. The ANOVA table revealed significant
effects of the individual operational parameters on the swath width of the sprayer, with a
significance level of 1%. Also, the interactions among the operational parameters showed
significant effects on the swath width, except for the interaction between heightx*pressure.
Similarly, both nozzle spacing and height individually exhibited a significant impact on the
overlap of the spray, as determined at a 1% level of significance. However, operating
pressure did not show a significant effect on the overlap. Further analysis of the interactions
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revealed that the interaction between spacingx*height, as well as the interaction between
spacingx*pressure, had significant effects on the overlap at a 1% level of significance.
However, the interaction between heightx*pressure did not demonstrate a significant effect

on the spray overlap.

Table 3. ANOVA for the swath width of the sprayer

Sum of
Source Squares df Mean Square F Sig.
Spacing 61.231 2 30.615 16508.113 .000
Height .683 2 .342 184.195 .000
Pressure 464 2 232 125.229 .000
Rep .006 2 .003 1.678 195
Spacing * Height 161 4 .040 21.648 .000
Spacing * Pressure 144 4 .036 19.443 .000
Height * Pressure .006 4 .001 .761 .555
Error 111 60 .002
Total 3843.143 81
Table 4. ANOVA for the overlap of the sprayer

Sum of
Source Squares df Mean Square F Sig.
Spacing 61.231 2 30.615 16508.113 .000
Height .683 2 .342 184.195 .000
Pressure 464 2 .232 125.229 .000
Rep .006 2 .003 1.678 .195
Spacing * Height 161 4 .040 21.648 .000
Spacing * Pressure 144 4 .036 19.443 .000
Height * Pressure .006 4 .001 761 .555
Error 111 60 .002
Total 3843.143 81

3.3 Determination of composite optimum combination of the operational

parameters

The determination of an optimal combination of operational parameters was
conducted through a statistical analysis using the R-programming language. The outcomes
of this analysis are presented in Table 4. The operational combination that yielded the most
favorable results in terms of swath width and overlap was identified as sz-h,-ps, i.e., nozzle
spacing of 50 cm, spray boom height of 90 cm, and operating pressure of 24.5 kg cm ™. This
particular combination demonstrated a mean swath width of 7.77 m and a mean spray

overlap of 43.124%, affirming its effectiveness.

Table 5. Selection of the optimum combination of operational parameters through R-

language
Cogbrl]na;t)lon Mean swath width (m) Mean overlap (%) Groups
50_90_24.5 7.770 43.124 a
50_90_21 7.783 43.931 a
50_100_21 7.697 43.130 b
50_100_24.5 7.667 42.332 bc
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50_80_24.5 7.653 42.853 bc

50_80_21 7.603 43.650 cd
5090 17.5 7.570 43.670 de
4090 24.5 7.537 56.406 ef
40_100_24.5 7.507 56.801 ef
50_100_17.5 7.493 42.885 f
50 80_17.5 7.420 43.404 g
40 90 21 7.317 56.225 h
40_100_21 7.303 56.653 h
40_100_17.5 7.220 56.324 i
40 90 175 7.173 55.926 i
40 80 24.5 7.130 57.127 i
40_80_21 7.043 56.976 k
40 80 175 6.967 56.646 |
30_100_24.5 5.743 70.630 m
30_100_21 5.717 70.470 mn
3090 24.5 5.697 71.110 mno
30_100_17.5 5.677 70.688 nop
3090 21 5.643 70.951 op
3090 175 5.623 71.168 p
3080 24.5 5.550 71.527 q
3080 21 5.497 71.368 ar
30 80 175 5.453 71.585 r

4. CONCLUSION

The analysis of the experimental data revealed that both nozzle spacing and spray
boom height had a considerable impact on swath width and overlap individually, with
statistical significance at a 1% level of significance. Additionally, the operating pressure
showed a significant effect on swath width, but it did not have a significant effect on overlap.
The interactions between spacingx*height and spacingx*pressure demonstrated significant
effects on both swath width and overlap. Whereas, the interaction between heightx*pressure
did not exhibit any statistically significant effect on either swath width or overlap at the 1%
level of significance. Among all the tested combinations, the optimal setup for achieving
effective swath width and overlap was found to be sz-h,-ps, corresponding to a nozzle
spacing of 50 cm, spray boom height of 90 cm, and operating pressure of 24.5 kg cm™.
These findings conclusively demonstrated that the identified optimal operational parameters
significantly enhanced the overall performance of the spraying operation.

CONSENT

As per international standard or university standard, respondents’ written consent has been
collected and preserved by the author(s).
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