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ABSTRACT: The purpose of this study was to compare the fertilizer spraying methods between brand new and
traditional approaches. The brand-new practice is using a drone as sprayer, while the conventional methods are
using a tractor and manual application. This research investigated the working time and the problems for application
of fertilizer. The performance of each spraying method was evaluated using the different sugarcane’s heights
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between before and after spraying. The results showed that the drone had a minimum working time of 21.19
minutes. Moreover, when it was operated repeatedly on the same field, the working time dropped to 12.91 minutes
because the stage of creating the flight planning was excluded. For the traditional methods, the operating times of
the spraying applied by tractor and human were 22.21 and 39.49 minutes, respectively. The main factors affecting
the working time of spraying drones are the field shape and obstacles in the ground, while tractor has the problems
with row spacing, sugarcane's height, and headland turning. Finally, spraying by manual application usually has issues
with chemical contaminants and human fatigue. When considering the change in sugarcane’s height between the
month of growth after spraying, it demonstrated that the shift in sugarcane’s height was not significantly different
for three types of spraying methods and excluding the spraying method. This result indicated that using the drone
for fertilizing provided high field capability and gave similar spraying qualities to the traditional methods.
Keywords: drone; creating the flight planning; fertilizer spraying
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| Comparative test of chemical spraying practice in sugarcane fields |
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| Performance comparison |
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Collect data on sugarcane height every 1

month until harvesting.

]

Compare the results of spraying with

sugarcane height.

Figure 1 Process of comparative test of chemical spraying practice in sugarcane fields
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Figure 2 Subplots in each test of spraying type and not spraying
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Table 1 Fertilizer dose (ml/rai) in 4 months after planting sugarcane

fertilizer formula Fertilizer dose (mU/rai).
Nitrogen+ (30-0-0) 40
NPK+ (4-18-18) 40
Potassium+ (0-0-28) 35
AG 30
Calcium-Boron 50
APSA-80 3-5
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Figure 3 Working pattern 1 cycle of machine for spraying 3 types as tractor-boom sprayer (A), labor - backpack (B)
and drone (C)
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Figure 4 Machinery for spraying, tractor-boom sprayer (A), labor - backpack (B) and drone (C)

Table 2 Specifications of agricultural chemical spraying equipment

Boom Spray backpack sprayer Drone
Rotor - - 4
Nozzle type Fan type Fan type Fan type
Numbers of nozzle 3 1 2
Tank capacity (L) 250 25 10
Flow rate nozzle 1 L/min 1 L/min 1 L/min
Spray angle 110° 110° 110°
Work speed (m/s) 3 1 aq
Working width (m) 5 3 4
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Table 3 Operating activities of agricultural chemical spraying equipment.

spray pattern

No. Activities
Boom Spray  backpack sprayer Drone

1 Equipment preparation and full fertilizer chemicals v v v
2  Take off and move to field before spraying v

3 Spraying foliar fertilizer v v v
4  Turning in the head fields/end fields v v v
5  Break time X v 4
6  Refill water and fertilizer chemicals x v X
7 Keep equipment v v v
8  Return to starting point and landing x $'4 v
9  Flight planning X X v
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‘ Record Sugar cane Height ‘

° -FR- =
P \
5GSD
Take Image by Drone Vespa Hex-650 at (5 GSD) | | Sugar cane 4-12 month
Pix4Dmapper

| Merge Image by Pix4D mapper program |

QGIS

| Height Calculation using QGIS program |

i

| sugarcane Heigh Comparson |

Figure 5 Data collection and analysis of sugarcane height
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Figure 6 7-band photographs obtained by Pix4D program.
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Figure 7 The process of analyzing height with QGIS program
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finthniamsinudesiign daviiunud 2 15 dwuandu Table 4

Table 4 Operation time for 3 patterns

Time (min/field)

No. Activities

Boom Spray Backpack sprayer Drone

1 Equipment preparation and full fertilizer chemicals 02:38.7 07:29.2 03:57.2
2 Take off and move to field before spraying 01:06.3 05:25.0 00:15.2
3 Spraying foliar fertilizer 13:49.0 17:09.1 05:14.1
4 Turning in the head fields/end fields 02:15.0 00:25.0 00:29.9
5 Break time 00:00.0 02:51.3 00:00.0
6 refill water and fertilizer chemicals 00:00.0 04:05.7 00:00.0
7 Keep equipment 02:32.0 02:24.2 01:27.6
8 Return to starting point and landing 00:00.0 00:00.0 01:27.4
9 Flight planning 00:00.0 00:00.0 08:28.0
Total time for all steps 22:21.0 39:49.4 21:19.3
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Table 5 Comparison of Working time for each process of three spraying types

Operation time for 3 patterns (S)

treatment
a b C d e f g h totel time
Boom Spray 167 b 65.0 b 8259 b 134.40 a 0.0b 0.0b 150.40 a 00b 1342.7 b
Backpack sprayer  438.53 a 27142 a 1027.3 a 24.74 b 153.98 a 250.79 a 147.13 a 00b 23138 a
Drone 21474b  15.17b 3139 ¢ 29.87b 0.0b 0.0b 84.34 b 88.02 a 746.0 c
T-test * * * * * * * * *
C.V. (%) 33.65 63.57 1.1 12.05 99.22 12.36 15.65 6.84 12.47

ns: no statistically different at P < 0.05, * statistically different at P < 0.05.

note:

a: Equipment preparation and full fertilizer chemicals e: Break time

b: Take off and move to field before spraying f: refill water and fertilizer chemicals
c: Spraying foliar fertilizer g: Keep equipment

d: Turning in the head fields/end fields h: Return to starting point and landing

dothiansihnundndusasnsinulssedilus wuimsdaumsiadieyuasddenishesaumsnines
Wiy 5.4 13/, §nsmsianuvesmsdariuasiadsmodasmeiliusenuaulumsvhanusiniu 2.97 19/vu. uazdnm
nsvhaesnsanriuatsaddaelasusiidy 10 14/, Fedrmnsinugeniisuuuunsdanudaiumennsnang dmwa
Tannsavihaudanuieiulagaasiuseyisanudeainmsdevesivla
2) Ugymuazauassalunisdnluvineu
wamstufindguarguassanisvhaniluasmesnisdaruasiaiiia 3 sUnuy aunssinmsiuarasliduimadily

aldnegluiuiivesusarunuunisdanuansiadl daandly Table 6
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Table 6 Problems and obstacles in the work in the plots of the three types of chemical spraying

No.

Tractor-Boom Spray

Chemical spray pattern

backpack sprayer

Drone

1. Vehicles
for move
machines to

fields.

Use a truck to transport and require a
transit point for the tractor to go up

and down.

Use the operator's personal

vehicle to transport.

Use the operator's personal vehicle

to transport.

2. Trampling

in the work

area.

The tractor ran between rows of
sugarcane in the fields, resulting in

compaction of the soil surface.

Workers walked between rows of

sugarcane

No trampling in the work area.

3. Difficulties
in  working

spraying.

Sugarcane rows do not match the

nozzle distance, causing uneven

spraying.

The fatigue of human labor

causes uneven spraying.

The wind from the propeller causes
the droplets to dissipate causes

uneven spraying.

3. Difficulties
in working
spraying.
(Cont.)

Turning in the head fields/end fields
makes the driver confusing when

changing rows.

Turning in the head fields/end
fields makes the driver confusing

when changing rows.

Turning in the head fields/end fields
is programmed automatically
worker not confusing when change

working rows.

4. Condition
of the field
and the

weather.

Turning in the head fields/end fields

need space to turn.

Turning in the head fields/end
fields takes up little space

Turning in the head fields/end fields
must not have any trees or

obstructions.

4. Condition
of the field
and the
weather.

(Cont.)

The shape of the field should be a
standard, the length is greater than
the width.

The shape of the field should be

a small field area.

The shape of the plot area should
be large fields have a long row and
no tall trees around the fields and

within the fields.

4. Condition
of the field
and the
weather.

(Cont.)

During the rainy season (after the rain)
- Sandy soil - Can go to work
- Clay soil - often cause the car to be
stuck in the field. if it does not rain
again tractor must be parked in the
field until the soil freezes for about 2-

3 days.

During the rainy season (after the
rain)
- Sandy soil - Can go to work
- Clay soil -
labor can work but work less

because of soil conditions.

During the rainy season (after the
rain)
The condition of the area inside the

field is not a problem with drones.




KHON KAEN AGRICUL TURE JOURNAL 50 (4): 1083-1096 (2022)./d0i:10.14456/kaj.2022.xx

1093

Table 6 Problems and obstacles in the work in the plots of the three types of chemical spraying (Cont.)

chemical spray pattern

No- Tractor-Boom Spray backpack sprayer Drone

4. Condition Weather weather weather
of the field - Do not spray when it rains and sunny. - Do not spray when it - Do not spray when it rains and sunny.
and the - The optimal time for spraying is during the  rains and sunny. - The optimal time for spraying is during
weather. absence of sunlight and after the rain. - The optimal time for the absence of sunlight and after the
(Cont.) spraying is during the rain.

absence of sunlight and

after the rain.
5. Working Chemicals can be sprayed in the sugar cane Chemicals  can be Chemicals can be sprayed at any age of
time fields until stalk elongation phase. sprayed until the time the sugarcane as the drone operates

before the sugarcane

leaves weave together.

above the sugarcane leaves.

6. Impact on

sugarcane

If working during the age of the cane over 4
months would damage the sugarcane from

the collision by the tractor.

There was no effect on

sugarcane because labor

There was no effect on sugarcane
because drone work above sugarcane

rows.

6. Impact on

The distance between the rows uneven,

work in  the groove
between sugarcane
rows.

Sugarcane is not

Sugarcane is not affected by drone even

sugarcane making the tractor stepped on sugarcane affected by labor evenif  if the spacing between the rows is not
(Cont.) while spraying chemicals. the spacing between the  the same.
rows is not the same.

7 . Working diesel fuel Gasoline fuel Uses a 16,000 mAh battery as a power
energy. source for work. The battery can be

charged from 2 places:

- Charge the battery from the housing

- Charge the battery with a generator
8. Minimum 2 labors 1 labors 1 labors

number  of

labors.
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LANAAUNIGEDR Pauandly Table 7

Table 7 Comparison of sugarcane height between four treatments of spraying types during growth stages

Sugarcane height (m)

treatment
4 month 5 month 6 month 7 month 8 month 9 month 10 month

No Spray 1.4772 b 2.2836 a 2.7018 2.6219 2.7545 3.4045 2.8045
Tractor 1.6642 a 2.1918 ab 2.6211 2.9074 2.9357 3.4615 3.1441
Human 1.7393 a 2.1495 ab 2.7932 2.7548 2.8336 3.2593 2.9941
Drone 1.6570 a 1.9612 b 2.6090 2.8260 2.7592 3.2105 29212
T-test * * ns ns ns ns ns

C.V. (%) a4.76 7.89 6.74 13.24 9.20 11.17 10.74

ns: no statistically different at P < 0.05, * statistically different at P < 0.05

NnraBnzinNaTiisuwadluidasifieurdainnsdaruauisfewiufeanuitnsdanuia 3 sUuuy
suwuUaslddnis@anuasiadiisanisiasyiuladuianugeiiliuansieiu Maenadueyduladeniouen was

anmanges vilinugedesluudazguiuunisdaruliuianugenlndifeaiu dsandy Figure 8

Sugarcane height in each spray pattern.
35

25

Sugar cane Height (m.)

a 5 6 7 8 9 10
Age of Sugar cane (month)

No spray =#=Tractor =@=Human =d=Drone

Figure 8 Sugarcane height between four treatments.
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