T Journal of Sugar Beet
Y ;

Journal Home Page: https://jsb.areeo.ac.ir

ORIl g3l g e ppte et

Workshop evaluation of the control system for site specific management of

row Crops Fertilization (case Study: sugar beet)
Morteza Sedaghat Hosseini'*, Ahmad Sadeghi?, Mohammad Younesi Alamouti*
(Received: 22 Oct. 2024 ; Accepted: 5 Jan. 2024)

How to cite this article:

Sedaghat Hosseini M, Sadeghi A and Younesi Alamouti M. Workshop evaluation of the control system for site specific
management of row Crops Fertilization (case Study: sugar beet). Journal of Sugar Beet. 2024: (40)1. 93-108. (In Persian
with English abstract). Doi: https://doi.org/ 10.22092/JSB.2025.366935.1369

Extended Abstract

Introduction

Chemical fertilizers, with more than 40 thousand tons of
annual consumption in the country's sugar beet fields
(117000 hectares), have the largest share of energy
consumption in the production of this product.. Since the
characteristics of soil and plants (such as soil fertility,
soil texture and production potential) are not the same
throughout the field and there is spatial variability,
therefore, the variability in the fertility of fields has
made it possible to increase productivity by local
management of crops. One of the main methods to
accelerate the adoption of variable rate technologies,
especially in developing countries, is to install control
system on conventional machines (uniform rate) and
convert them into variable rate type. Hence, in this
study, the hydro-electric fertilizing control system was
developed and installed on a traditional fertilizer
applicator (uniform rate). Then, fertilizing error and the
system delay time were evaluated in the workshop.

Materials and Methods

A control system was built and installed on a traditional
fertilizer applicator. The components of this system
include electronic control unit, positioning system,
sensor of fertilizer distributor gate position, traveling
speed sensor, double acting hydraulic cylinder,
hydraulic flow control valve, hydraulic oil direction
control valve, hydraulic oil hoses, oil pressure control
valve, and the gates movement mechanism. It is
necessary to evaluate the accuracy of the control system

before investigating its overall accuracy in the field.
Fertilizing error and delay time are two main
components in determining the accuracy of the control
system. In order to evaluate the system in workshop
under similar conditions to the field, a 220V single-
phase gear box and electric motor unit (with the ability
to continuously change the output speed) was replaced
by the ground wheel of the machine. The equation of the
fertilizing rate and the factors affecting it (traveling
speed and gate opening) for the distance between the
rows of the sugar beet fields (60 cm) was defined in the
electronic control unit of the system.

In order to evaluate the accuracy of the system, effect of
traveling speed (3.5, 5.75 and 8 km.h-1) and fertilizing
rate (80, 100, 150, 200, 250 and 350 kg.ha-1) on the
fertilizing error of the system was evaluated using spss
software.

The total delay time was calculated from the sum of the
mechanical delay time and fertilizer particles fall delay
time.

The effect of the fertilizing rate (at intervals of 100, 150,
200 and 250 kg ha-1) and the machine traveling speed
(at three levels of 3.5, 5.75 and 8 km h-1) in two cases
of decreasing and increasing the fertilization rate
changes was evaluated on total system delay time.

Results and Discussion

Results of variance analysis showed that the effect of
fertilizing rate on fertilizing error was significant (p <
0.01), however the effect of traveling speed was not
significant, which indicates the proper performance of
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the control system in eliminating the effect of traveling
speed on fertilizing accuracy.

The effect of the amount and direction (increasing or
decreasing) of fertilizing rate change and their mutual
effect on the total delay time of the machine was
significant (p < 0.01), while the effect of the traveling
speed was not significant. The regression functions of
the total delay time in the states of increasing and
decreasing the fertilizing rate were determined
according to the equations (1) and (2).

t = 0.0048 x |AX|

+0.388 Eq. (1)
RZ = 0.749
t =0.0013 x |AX]|

+0.321 Eq. (2)
RZ = 0.787

in which t is the machine total delay time (seconds) and
AX is the fertilizing rate (kg ha-1).

Since the movement speeds of the double acting
hydraulic cylinder (the gate actuator) in the opening
and closing states were not equal, it caused two
separate equations being calculated to determine the
machine total delay time in fertilizing rate change
modes (decreasing and increasing).

The machine total delay time was better (less)
compared with the results of some other studies This
indicates the appropriate delay (reaction) time of the
system.

Conclusion

The results of the experiments showed that the effect of
fertilizing rate on the system error was significant
(p<0.01) and the error increased at low fertilization
rates. This was due to the construction and operation of
the fluted wheel type fertilizer distributor device. The
overall fertilizing error of the innovated control system
was 8.01%. Reduction of the delay time of the system
due to the hydraulic actuators application indicated the
appropriate accuracy in the sugar beet and other row
crops fields. In general, according to the results of the
study, the following items are suggested:

1- In order to check the overall accuracy (such as
the positioning system and fertilizer controlling system
accuracies) of the variable rate fertilizer applicator and
to adapt it to the field conditions, additional experiments
are recommended.

2- In order to increase the accuracy of the system
at low fertilizing rates, it is recommended to make
improvements in the structure of the fluted wheel type
of fertilizer distributor.

3- It is suggested to evaluate the effect of different
positioning systems on the accuracy of variable rate
fertilizing in row crops cultivation fields

Keywords
Agricultural mechanization, Precision agriculture, site
specific crops management, sugar beet fertilizing.

af

References

Alameen AA, Al-Gaadi KA, Tola E. Development and
performance evaluation of a control system for
variable rate granular fertilizer application.
Computer and Electronics in Agriculture. 2019; 160:
31-39. Doi:
https://doi.org/10.1016/j.compag.2019.03.011

Kim YJ, Kim HJ, Ryu KH, Rhee JY. Fertiliser
application performance of a variable-rate
pneumatic granular applicator for rice production.
Biosystem Engineering. 2008; 100: 498-510. Doi:
https://doi.org/10.1016/j.biosystemseng.2008.05.00
7

Mirzakhaninafchi H, Singh M, Dixit AK, Prakash A,

Sharda S, Kaur J, Nafchi AM. Performance assessment

of a sensor-based variable-rate real-time fertilizer

applicator for rice crop. Sustainability. 2022;14, 11209.

Doi: https://doi.org/10.3390/su141811209


https://doi.org/10.3390/su141811209

."f. ~ » :0. ()
Ve o g
M/;V"v,-/
0‘0 o

7
O \u
ISCPBS

SBAI Journal Home Page: https://jsb.areeo.ac.ir B )

380,90 axlls) 20y O guasms A5 Aoge Cu e J S bl 25,5 Jbj,
T (8 yitn

VESFIN NS 2ty gl VEYIEIA el o

g3 lie g4
DOI: 10.22092/JSB.2025.366935.1369

(A8 aisn 106950 dalllas) 433y SV game (23355 amdge Copte (JyiS allole B ;) . Teedl omigr .0 g (Bolo (e Cdlao o .
VoA =AY (V)Fe wE miis

R
C i (U8R 4150 VVY gehaaw) y9uS' w3 jiix €515 53 Wl Bpan (35 4150 Fo 51 s b (orloowd (5lasgS
cr! & 839 adlllae (91 9 dg ot O ygods Glge ST )3 B B pan 515 1y Jguazms (1] W95 53 (6591 B pao ot
Jpns CohsS 3 oS il 5 pre (5551 5 403 Al e ST I3 ) b G351 s £330
23905 o2l,8 1) SV guasmo (rdg0 o e b (65900 iI38] Sl (150 ool ;D (650 i 2929 33,5 0
iia E 5 Elg @ (CAI6Sy £ 55 £95) Eily (22095 Sagmile o )3 (632,55 (LBl (gL 39, 51 (S !
p3Y a0 )3 peiiaf i (eile (IS B b3yl 51 JS b BT g9y SRS gladilele (3,5 cuad g (8L
S ailobw CBd i 43 ol allie 93 U ploj g 23395 glad g5 obj,l of IS aibolus By Cowl
231 8, )3 (] 83 5395 (opile (595 st 1 (g 9 2 Wi L (S Ailoluw canlllae (2] )3 90! 5wl
YDe g Yor ADe Voo olgh ,3) (2355 5 uedd 31391 390 4 Cumbiso clobus o 55 J5E s o,
95y (Caslu 45 yioghS A 9 O/YD ¥/ aw duw jd) W8 juider 4 y30 13 Cowlio Cus s B3 gusxe 45 g (UKD 4 0,55l
S Jloin! s 13) I3 iz 1 o903l b oy Wbl 23U o 40 (B339 £ 55 3 5 LalS Il
21> Ui 1y ol 3B loj yo bl ilise 15 (23355 ¢ 3 et (b1 b (uidlS) S 9yl Jolge (o2
A s i ) 23555 599 (Sl 45 iogh A 9 BIVD XD s s ) 853 (S5t €6y 51 iz
b 2yl dlolw R348 glad Jladle 4 (395 (5,15 odgume 43 UKD 43 0,59k YO+ g YO+ Yoo IO Voo
5 slhad huwgio g1 a0 yd SU Jlein ] g )3 Id gxe (23355 slhad 45 R34S F i 14T B Ui g0l @S
3 5355 5oy s 51y I 505 wlobs canwlio B3 15 ol e (f 45 Syt Mo g3 A+ ) R3S dilolus
Pl o W3 i dloa 1 (Gd) SV guatne (23355 5 puef 5 Elol &1 Ll g () Colgsy
5518 gl ile yaiin (23395 (Y patme (mdge Cu e (3:55 (51,5LiS 155 (ol

sl ¥ =AY =) =¥ A0 VAe Cogias o3lod 4 (5508 gy 5 (biel Ol (lojl Sl gk 5l 4 S dlio oyl -

ol @S (5,988 sy 9 Ghsel Sl lojl o)) siad plal o sl 3 50 (55,5l (sloable 5 (2 09) okl )
morteza.s.hosseini@gmail.com : Jgiues oaiuw gi—

@B@ Ol esiagliS g g Ghsel Sl plajl okl ¥
&Y ol @S 39S s 5 Shigel Clios Glesls (o)) steed plol e g0l 55 30 (5559l sl ile 5 (5 09)S Jluils . T


https://jsb.areeo.ac.ir/

e 23355 nge Cupta IS ailobs a5 L))

o2 Blse > 2> » (Chattha et al. 2014) >4 Jgaxo
Sl g busgio Spgon @l osde pll SB o]l &
B 53 D9 e 4B)S Jlai 3 LAy ©ygods g 4s)ie S
g S cdl s SB ghodols b 5l SB gl S oS
Sy 9 0395 OlaSy de e S )3 ol a5 Jruilty o
o Sogl uals dated cplply )b ey SIS
Sty Jewily b culie ()90 0 a8l g e
Cawl yusiof 5 lagysld jl odlaiwl @ jlo as)ie calises
Uhgy M5 ) yaxite &5 5,8 (Morgan and Ess 2003)
430 jl Cuond 2 5l b cslie odles Bpuas (cilgisy
—adi 5 (JB8) Lo =S 55 93 4 puiiog 5 (5y9id o
O g live =R B9y )3 335 (o s (JI 8 Lo
(S pdols Jud ) b Shy aeyie jl o o
—ALE gy 3 &5 b > Wedee st Sus by
Wlblo 04,5 9 lawog add I oolatl 4 b dis
(Essetal. 2001) il o (GPS) 56 obcusdss
lpm 4 o) a3 (sl 5398 13 (630 ol
350 > gl el a8 conl o ploxl (o — S o2
(Pawase et al. 2023; Wlodgs igps 355 3,8
Kempenaar et al. 2017; Bora 2008; Zaman et al.
2 ol s gysene » Ll clllas oyl mbs (2005
§ ol il cVpams 3 Jamacas oS3yl
390 @l Klodged A5U |y pieg 5,539 (655,54,
VoW e g2 g paiS 3l Slosle Y gae (S
5,80as 53 doyd YIF-F/Y Lilidl 5 365 Bpaoe ;5 duo)d
9 $y90 5% L3l > > (Ehlert et al. 2004) Jga>es
PG YYIY 5 i dgw (il el Jpame 3 Sas
(Kempenaar et al. 2017; Wang laasa yials 4 kS
Gpne 2 opdduo Jujouw ,» .61 al. 2004)
(Kempenaar et 1o Y0 1 iw (5950 395 ¢ b Sl
395 B pas 1> doyd ¥=¥+  Lgnddyo olS pe .8l 2017)
(Bora 2008; Zaman L ,> ;Y5 00=\YA Jolee 4 0,9
B 0y > 4 et al. 2005; Sevier and Lee 2005)

ag

o

EVRTY)

S59iS 3 (alrerd sbadgS 1 o3L5 polie il
wlhosd cdsS ggome VWA o 0 2gd 0 Bpas
oo 45 Sy (5 gl VABIYA I (e 40 > )3 (B pae
(Anonymous 2023) 3¢ 5 cyeakes VY Jlo o] 53 o))
Jed 1y OYVpae g 0 bagS ol 5l i
25 g g Bras 0y g ()Nl ()b b e
ot WY oly; Jlo )3 )5S w8 )aise cuis
d90 59 (el slaowe; JS S wep VYE
S paw oyl gadgr Jaaze (Anonymous 2023)
A8 )disz GBS g Glee )3 )9S pa3jled 45y S sty
Obe O (wlews 355 weww (Anonymous 2024) .
O &S 2l U og dags BB Bjaiie Wy claoslys
ol 4 bgyyo a8 )itin W) )3 (100 YA) (B o (55 ot
S 1 VWY o ol 365 0y i Fe 5l s dille 10
Wiyl 51 o 3l e 45 29800 Bpaae 58 B )akier )50
(Younesi Alamouti et al. 2023) cusl yj95u 345
ORI ) e ;56 plerd (sladgS 5 cnlie olinl
Lo yd i o> Jub 5l B uise las dgu 9 Mg )90 0
3 s oy ool 5 ks 15 3,Skas Jlascil 6 5
(Basati et al. 2000)

Srae SB3S £ 5 e (e > (g3Anke Jalgs

o s ol Ly g il S (gjlols 4y
G o dpogs 3 b ) ol (Majidli et al. 2014) Jguasmo
g Slllas cuwl p5Y (o ohgt (plerd ladgS
d2g ol g plol S gl alox 1 adgl (slaigw)
C59r 395 Ao yd B dgas hadd olS ¢ Sl Laylys > >
5, (Sonmez et al. 2007) wles B pas 9 Clo Wlgs o 1y
SB 93l g lerd (oS @lge gS1 > &5 o
5 4asp Gl e cla Sl Jlpl s
GBS 9 S Rl g Mg g Rl (dpas ()



ay

(Sedaghat Hosseini et | ,Kos 5 (s cdlao

IS hid) oSS JuiS dlelw g5 g .al. 2014)
(€590 sgme Sy o 9 42> J5US o1) 0 uitegd 9 (40
caabls 5 clas .m0 byl 1 bl 5wl
duolee o )0 Vo /YD 9 W/ )5 s 0 juningd g 0 puxio ST
sy (S el opiiogy wlobs 4ol 3429 b3S
prslSie 53 (2l Shom g2y Jd> 4 b (a22gS slbs
ol 2l albcadgize col gjge jpmo Copus i
5 4 5 il s enks el oiecS5 g5 43,5
o 7L loj dagige 4y Shos 8 oy (32 o
el gpSadds Sials alols 8y ass (o g Lyinlsél
wlobo (23395 8> (ljfl jolateas adlllae (] )3 9)cn]
Mos b (gjgn 2> Cusbge JyuS bai) opiteSS Jpus
slad g cual 5395 olSawd (59 5 b 4SSy S

W45 o) o8 5 el 3 e g 23368

L 95 9 3190
sobaiets adllae opl oz oilojl oliwy Wlaseie

Wlolos das S pitog y g9 4 5355 591 o a5
5 b (o g9 o L) bagjse aup Jyus
lobo cpl slinl 00,5 cuas H8055 olSiwd (g5 9 b did b
CaBge yNuw ¢ 2l dilobs ((Sig Sl S aoly Jolis
wdrbo 93 (SJgiden So (ypiy oy S dady )
Oy e RS b (Sdgpae ol S8 s
A8 b Sgpad (89) e LS (Sg)ae

D92 b > C8 > puilSn 9 Sgyen (89, )L
Mo Sy 1 Selgya 4k 90 S Rles el
Ses Glaisdy po deo PO uys8 b a8 93 (Sgyin S
Oygody So oyl jeze b odlail 358 g0 (slaasy )
S e dxiio 35 Jate b > S e dio 4 ke
Cd) &8 (ad S peh) oSlg 9 iy 34e 93 59 Lo

VEo¥ Yoyl [+ als /o8 iis

03,5 sdaline dop YY ble oy Bpas Lials
oigy ) edlawl ls ST > (Vatsanidou et al. 2014)
395 Bpae o ¥ U ppddpo col jilef (23355
(Pawase et al. 2023) cuwl ouis (155 59,0

Wosles yusie 5 (539U8 3,5 )3 &5 (ablje w8y e
oslital 3 (gwlio €yl oyguiS jI (S > )3 3529
oy > ol clacosgize | (S 2,5 o5 sanlie ]
2bj G (pief s slagsyslid alex ) 38> (6j)9lis
2 el Gl 1 (S g 5k 3590 slaisysld g Wolsiind
2 gl ) ohagh pie £ byl GEndy @
@l sbowile 9y S8 dlle (958 any b
e £ g5 Saoile 4 ol 03,5 i 5 (<1550 )
(Younesi Alamouti and Sedaghat Hosseini <.l
(4g1)5395) oo €55 )15355" i )3 93k j lelllas 2014)
ol )50 (gj90 0Jugh) (535l Al 5> Canl o plocl
0351 iglise 928 53 o3lisl 350 (sl cyilo b dol el )
(Maleki et al. 2008a; s (63,2)8 1l bl ol 4
Kim et al. 2008; Forouzanmehr and Loghavi 2012;
Chandel et al. 2016; Alameen et al. 2019; Reyes et
(al. 2015

ShI> )9iS 33 dg2se slaa)3eS o b )lSoes e
2o Sl it (15l wlgil) Sloy £33 £ Eige
sloalels )3 odlinal LB g95 4 590 £95 nl 5 5o
€390 s57me Sy JyuS b Ly &S oss plonl piieg 5 IS
S gy lesls ploxil |y ) cpl 4> Cusdge pui L L
2355 slad il el Slgi o g0 g9 cnl 2 oy
D9d o8 o > ohigd (2055 £ (BleS )
(Sedaghat Hosseini and  Ssell cusgy g (dumes Cdlio
ey ol oledle b 4 L Younesi Alamooti 2014)
2 odlisl BB gi50 (o] g9y S bl cuai g g5
il ) ol €85 5 03500 g it (259) Jlosi sl )Sos8
L3S



e 23355 nge Cupta IS ailobs a5 L))

PR Jo) (il S 205 S5 259 pudby S8 oy S
e j20; E> (S99, (AULONICS ¢Sy el 12-40
S gl 1LY JS8) 00,5 Jato agjoe S ome jeome 4
235 o el 3,5 cne) £ 3 g S e some S
Coy 5 35005 £z Sy b culito o] S8 2 S
Sl oxd 2ae S o yee (il 4 g oy 59k
sy s Sl 58 ol &) S 5l by S Sy S
b4l &) olej soly 5o gy slas (e (18
P Sordy Gy S gl pllS (IS0 2500 dnsle
OBl sz bulpd s bocuh I3 s sl
Slasin b culite oSiwd (i pudal 9 a5 gl puJS
5 o LS GLle jlude (Sl L8 ) bar ae)ie

b 4 slea 5395= 5 I8 ol )3 (59 iy C yur S dsgone ¥ JSs
S by =V s g Y Ses =) ol el (s alole
Fig. 3. The machine traveling speed sensor unit
in the four-row furrower-fertilizer applicator with the
invented controlling system includes: 1- Sensor 2-
Sprocket wheel 3- Sensor holder

o Jolis (Siig Sl 38 sy 1 Seig J8I1 J 55w ly
J4e 5 (programmable logic controller) PLC o5y
59 SIEMENS ¢ i ¢l LOGO BM 12/24 RCE
5 4,3 Gilises ol S I 1) SleMbl wsly ol (F JS3)
&5 9 baulyd b cuslite | Lagjge 455 (1992 jb uwlio lade
Camdae b cunliin ¢S daly )8 dwbre «Bun 23345
ol (Sl s @ (cadduwle Hlade) baasy )y Bans

aA

as o Sulgplun Ko b dia g 5L Lol plodl Sy g
Jbcerge g 03,5 €8 2 Gl 9 Vb Coow & e > S e

() JS8) 03,5 (55w (59 Ej90 40 93 b (b Al g

oSiwd ) g jge dom > S e (Sgyln Klos paunslSo Y IS
asmino— 1ol e ell S ol b as) ks 0565 5,8
Sy (Slos) So-¥ ambo eS8 > gl b,V laagy > S e
Eige 430> ) Cusdgn Suo=D By Syt pud¥ 4 )bog>
395 Eige Y

Fig. 1. The mechanism of the hydraulic actuator driving
the gates in the four-row furrower-fertilizer applicator
with the invented controlling system: 1- the gat driver
plate 2- plate movement rails 3- two-way hydraulic
cylinder (actuator) 4- electric hydraulic valve 5- the gate
position sensor 6- the gat of fertilizer distributor device
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evaluation
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Fig. 8. The set of electric motor driving the

ground mounted wheel for the four-row furrower-

fertilizer applicator with the invented controlling
system evaluation includes: 1- Electric motor 2- Gear

box 3- Sprocket wheel 4- Electric motor holder
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Fig. 10. Positions of magnetic valve and impact sensor

for the four-row furrower-fertilizer applicator with the
invented controlling system evaluation
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Table 1. Fertilizing error variance analysis results in the four-row furrower-fertilizer applicator with the
invented controlling system
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** and ns indicate a significant difference (p<0.01) and non-significance difference, respectively.
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Fig. 11. The results of Duncan's test on the effect of fertilizing rate on the four-row furrower-fertilizer
applicator with the invented controlling system error (%)
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row furrower-fertilizer applicator with the invented controlling system (%)
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Table 2. The results of the variance analysis of the effect of traveling speed, amount and direction (increasing or

decreasing) of the fertilizing rate change on the system delay time (seconds) for the four-row furrower-fertilizer
applicator with the invented controlling system
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** and ns indicate a significant difference (p<0.01) and non-significance difference, respectively.
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t = 0.0048 x |AX| + 0.388
R? = 0.749
t = 0.0013 x |AX| + 0.321

R? = 0.787
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