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Sasldfaun 3-142 ke rai’ Fnmounsliinuasnsufofnwldenn iesandanugenlunsfiuasnanis Fady
antuAfeinus ATy aueieddlenuadinseinuuuuuendslofinsaunsninesvunn 24 hp lnegivamnse
FonaindmuAinisnaiinsesiau in3edlddsannsadunugnslouazsnsidoddlrednesnluld wesaniiynausina
muqugﬂmamﬁéﬁ’uﬁaamamaﬂw%ﬂmmmaLmuamﬂﬁq Foihauduiudiuanauiimsindeuiivessaunsninesiinle
Mndeifnwuigeiinanuiiinisiedoud warduiudivaunsanufuemeifudnsnislatefaeuiiouly 91nn1s
nazeuluuUasdes wuin AnuamIsanIsaILRds 3.02 rai b finnuisinsiedsuiivessounsninediade 0.8 m s’
UsEAvBamnIsTheedy 93.06% AnuAuFeniviudemanat 0.45 L alt sudiiy

mddey: wesedlade, ladenuainseiiv, ooy, sounsneas

Abstract

The Department of Agriculture (DOA) has issued the site-specific fertilizer recommendations for sugarcane
with 144 formulas and applied the fertilizer rate between 3-142 kg rai’ depending on soil fertility. Farmers can
not follow this instruction due to the difficulty of weighting and mixing the fertilizers. Thus, the Agricultural
Engineering Research Institute (AERI) developed a NPK fertilizer applicator for sugarcane with site-specific fertilizer
recommendations attached with a 4-wheel tractor (24 hp). User can select switchs based on soil analysis. The
fertilizer_ applicator can calculate fertilizer formula and rate automatically. The applicator system consists of a
microcontroller for controlling the driving step motor of the fertilizer inatering unit and a ground driven wheel
integrated with a proximity sensor for measuring eround speed. Initially, the applicator was calibrated in
laboratory to derive a relationship between the step motor speed and the rate of fertilizer application. Testing
were conducted in sugarcane field. Testing results found that average field capacity was 3.02 rai h™ at average
travelling speed of tractor 0:80 m's™, average field efficiency was 93.06% and average fuel consumption-was 0.45

L rai” respectively.

Keywords: Fertilizer applicator, Site-specific fertilizer recommendations, Sugarcane, Tractor
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nsuArImsineas fesdanuizeenisladeniuai
Aesiiuauy leeldeandwugdinslddediniuieg
wAsugha W 411 Aels Wine fvdn dnduthiu sramns
TngAuugiinislddenuaiinsegiaud mivdesi dey
Ugn uazdosne Taadail 1 way aded 2 51 OM 3 5wy 3
U wag K 3 spiyU 9nAuuzthdanaivihlvitingldded
uan@19iy 108 gns wariiFaslanresious 7-87 kg rai’
(nsudvinasinens, 2553) waglud 2560 lausuuse
Awuzinnlagan 1 tuidenylsuas Nonaunundanu
Jufu neiduimuidadunisndnnianisinens lag
muugiinilddedasnuainsziau Usenauiiy dae
Uan Lerdourd pH 2 58dU N 4 58U P 3 S2dU wae K 3
32U wianduugihdanavinlitinnslddeiuansieiy
undle 144 gns wasfidnanlandradaud 3-142
kg rai’! Feagwounsliinuasnsufiaauilden o ind
armgasnlunistanasnands Snilnaioweoated
Jmingluviesnarntagtu agladelausunafeinse
Wasusnameonlfidntosleemsteiiiodsunudsu

viivg uazanz (2558) Idiuiaieladodmiulona
dwsudos flanunsnusudsusnavsenlinia lngliya
iWeslddnsaruiannsadsusnsmesnlalndidssiu
Awusinastddeniuaimaneiau win1slddoniue
Anneaulasldieiedlaled demantdsdrsuanuaries
wanlidnfu Inedesdndsdsnmundniuld waslinauuasiia

Tuwswdneuduililedudnduiou (caking) davilh

fadoddeatwazAnssnulunsuan e 3n7en1si

Jennauudildniemeandyatnianisuenduvesdels

deiinnsduasiieuvossnuninnesvazyinnu found
i Wuededlddouvtusnievdnsia 3 win ldluudas
fwsniu weandgmisdudadufousasmnenduses
Jo (vflwg uazane, 2559) waszuunalnnisveendady
wuuldiiiadlednsey Faildudlddelilndidssiudng
wgan A uginsladonuriinsesiau 1lesaind
Sosmansd deluldluuvasuinlngasyiliiAnaiy
Annanalutiinanisladeinntu vilFiuddestaiuaiu
Judu
Aazfifedeiiuunfnfiosiaunnioaldloniudd
AATIERAURaNITaRs AT wuUkendsde Taguende
wdnita 3 viin Tdluusaedsiontu ieantlamiedudaiu
founaznsuentuvesetisanduyulunisnaudoniud
WATARUTIUDN LagAUITTUUNITAINUAAULIUET
YesdainuameEYnaNNalUUe Jaedeslddenei
Amnginuuuuuendels wildauaivayuliinuaanaviun
THindmuaiinszifuniniu anduneunasdununis
wanle Inedeldwivdviniinnislddesgelivssdvsamn
gean wazaansagydensnensla

2 gunIaluazisnis

2.1 nsesldleSooniunnansimuuuysensely

sanuU i IedldludosnuAiinseiiuuuuuendsle
W uuuafen dmsuienisiusounsnimesouin 24 hp
fdwusenoundn aun delddendn 3 viln dmsuldde
gns 46-0-0, Jugns 16-16-8 uavdegns 0-0-60 AN 10y
30-40 kg lufndesuuudsnvunmdurugudna e 45.7 cm
311 2 Tu (Figure 1) Alalinsesfiudiniu-2 1 yadu
wargnveenliuemesliiinszuanssuvuanyuis
(86BYGH114, China) 12 1aa ¥un 8.5 N-m Fuluusazda
o (Figure 2) gngnvoenLuysendes iieanusadonniy
sewinsgnusonuavifwesildds Snuilolioasld
aauennimsldgneeauuuinderdndss usazdadl
anvean 2 8 anguWesaudurugudnats 75 mm
(Figure 3) Qﬂmammmsaﬁhaﬂalé’ﬂizmm 20-40 g rev’
WelvarunsnldseunyuvesnenaslaiiAu 100 rom
A0AAJDIAUIIUYBI Wu et al (2000) Futizinlvld
AnuFiseuveLmagnrennlIsegluta 33-91 pm Bl
Aedvesauiananvessnsnslvdetiesndt 7% uaz
otarnudiuaduriuguinais 30 cm Anruduiees
INTOULUU Pro><|m|ty switch

msheudlesnunsnnestedeufioslusindosuuudse
Tudoelig arnifuiivladasesiu (Chisel plows) lawda
$p 80Uz 15-20 cm vauziReafuteaindia 3 & as
Inassawduiinilalasesiu uazgnilsasiu ta3edldte
ANUATIATIEERULUULAREIAANISTOUNSNIMBIUWIALEN
fauandly Figure 4
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Figure 1 A straw cutting disk (toothed edge)
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Figure 2 Metering mechanisms
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Figure 4 Fertilizer applicator

22 sgyvmlvauuasUssulIana (Electronic control
system)

T4lUsunsu Matlab Simulink 2016 ieldsurmdsanes
namuaulilaseenlysaass WanunsafvunuTuaded
TamuAIUzININNTUIINITNENT INBaINITOLEeN 98
Ugn uazdeund pH 2 ¥iU N 4 56U P 3 S2AU uae K 3
seiu ldlediunndnaiu 144 gns wazfinsldniadous 3-
142 kgrai' Usenausaglulasaoulnsatass (Arduino
Mega 2560) §1uau 1 ¢ Wululasreulnsaaesndn 14
dmsufuadaaiadann proximity switch iiefiuaes
anudilunisindeudivessaunsninesyniund uagldsu

Afideuldun SoeUan uazdes pH 2 sefU N 4 536U P 3
$¥iU uay K 3956 LileAmnasannisnmsdieieseiund
(e s Y iaursaunsnmesluvadug wdseiiuan
Anseuiidesnisdmivaiivuenes Iﬂﬂiﬁ?‘ﬁa;&aﬁlﬁ
Mnmsaeuitey dedoyadiuauseuiivedlfluvmeduliim
lulasreulnsaiaosses (ET-Base Mega 1280) §1u3U 3 A2
(Figure 5) 18991n5UAIANL5I50 UV IALAUNBLADS
lulasasulnsatasssesazadadyy iauaiud (Hz) 9
AOAARDINUAILABINITTOIWBLADY LanTsdsreliiuussia
2995%UN0LM8S (HY-DIV268N-5A Stepper driver) iiiadu
adiuawmeslimplildsasmeanmuiinely wazaenndos
FuAUEINITEEa Ul Fieure 6 wanAUFUR LSO
Fyoinnudl (z) AlusoUNLLYBILBWES (rpm)
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Ficure 5-Process diagram of the applicator control

y = 3.3205;
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Figure 6 Relation of stepper motor rotational speed

with input frequency

3 Wawariansal

3.1 wanIsmadeusnsInIslayeluviasivnnis

Iivinsmaseuiiieasuiiivusnsnisladeiinnuasey
#1199 (Figure 7) Inemaaeulvinseunaudnsinisladeniuan
Ansgsiau JeRlinaanuiinanaumuiniy (bulk density)
dail

U8 46:0-0 AU wiuleminiu 0.7886 ¢/cm’

Y8 21-0-0 Aammwiueminiu 1.1229 ¢/cm’

Uy 16-16-8 Aumuwiulewiiu 0.9454 ¢/cm’
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U8 0-0-60 AMavLwiudemiiy 1.0832 ¢/cm’ 16168 fartilzer
3INNISNAFRUAINITIMAINFUTUSYRIgnIINTldY 100
(g s7) veslausazyia AusounyuvasLewas (rpm) lans 10 S
Figure 8 fi3 11 A LS
E)

a0

20

RPM

Figure 10 Calibration curve relating stepper motor
rotational speed with discharge rate of 16-16-8

fertilizer
0-0-60 fartilizer
,‘ : L 70
Figure 7 Calibration of the applicator &0 V= 1199Ix
0 R? = (0.9954
a0
46-0-0 fertilizer {;

y = 0.9511x
A2 = 0.6955

e/s
Z

RPW

Figure 11 Calibration curve relating stepper motor

oo @ 0w S0 0 70 rotational speed with discharge rate of 0-0-60 fertilizer
RPM

Figure 8 Calibration curve relating stepper -mactor 32 wanIsTNRaaUAIILAILTITONTITINIY

rotational speed with discharge rate of-46-0-0 fertilizer ANDUNISLA U890 Ul ULUa99 8RB UDIN YRS
0. Uonaas 4. neyauy3 anmuvasiinnud 2.18% (db)
AMURUILUUAUEN NI 1.60 g cm” S8 8%HIITENRINS
o - 13508 . wa3988 1.8 m A1 pH < 7.3 ldsaunsnimasigludi su
. Roosmad B2420 wu1n 24 hp Wuduids denldifes 1 H anuisa
% 5OUTDNATBILUAT 1200 rpm ALEINISAADUTIvRTD
WNsNWesiade 0.8 m s NANTIVMAAOUAIINAINTANTS
FaureaainBuLU U kanshl Table 1

21-0-0 fertilizer

140

©fs

a0

20

RPM

Figure 9 Calibration curve relating stepper ' motor

rotational speed with discharge rate of 21-0-0 fertilizer

Table 1 Results of field capacity testing.

Plot 1 Plot 2 Plot 3 Average
Area (rai) 1.51 1.30 1.51 1.44
Field capacity (rai h™) 3.13 2.99 2.93 3.02
Field efficiency (%) 96.55 92.31 90.32 93.06
Fuel consumption (L rai’) 0.46 0.43 0.46 0.45
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4 aqd

aontuifoinunsiamnssuldiauiadedddoniuen
Ansziiunuuuendeds Tngeenuuuiduuuuuniiien
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Tuindasuuud (Cutting disk toothed edge type) ¥R
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