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Extended Abstract

Introduction

The economic value of sugar derived from sugar beet
primarily depends on the technological quality of the
root and the efficiency of sugar extraction methods.
Technological quality is defined as a combination of
chemical, biological, and physical characteristics that
determine the recoverable sucrose yield and
consequently influence sugar production costs. Among
the physical traits, root elasticity and resistance to
cutting are of particular importance as they directly
affect root handling and processing efficiency. Root
elasticity influences the extent of mechanical damage
and breakage during harvesting, storage, transportation,
and washing. resistance to cutting plays a crucial role
during the slicing stage of processing, determining the
ease of cossette formation and sucrose diffusion. A
woody root texture increases blade wear, causes
irregular cossette thickness, and ultimately reduces
sucrose diffusion efficiency in the diffusion process.

Materials and Methods

This study was conducted from 2018 to 2020 at the
experimental farm of the Sugar Beet Seed Institute,
Kamalshahr, Karaj, Iran, to evaluate the physical and
chemical characteristics of four commercial sugar beet
cultivars. Each year, sowing was performed in May in a
5 x 150 m? plot with a row spacing of 50 cm and a plant
density of 100,000 plants per cultivar. The experiment
was arranged as a factorial (B x A) based on a
randomized complete block design with ten replications.
Factor A included four cultivars: IR1 (a:), IR2 (az), IR3
(as), and IR4 (a4), while factor B represented root size,
classified into three weight categories: small (<0.5 kg,
S), medium (0.5-1.0 kg, M), and large (>1.0 kg, L). In
November of each year, after reaching technological
maturity, ten random samples were collected from each
cultivar, each consisting of 50 individual roots. After
weighing, roots were grouped by size, and ten roots per

size group were randomly selected for mechanical
property assessment (resistance to cutting and
elasticity). The remaining roots were analyzed for
chemical properties with ten replications. Chemical
traits included total sugar content, sodium, potassium,
harmful nitrogen, extractable sugar, and molasses sugar.
Mechanical tests were performed using an INSTRON
HOUNSFIELD universal testing machine. Rectangular
specimens (2 x 2.5 x 2.7 cm?®) were cut from the crown,
middle, and tip sections of the roots. A 5 cm diameter
compression cylinder was used for elasticity
measurement, while a blade measuring 0.15 x 5.5 x 8
cm® was used for resistance to cutting testing.

Results and Discussion

The average relative distribution of small, medium, and
large roots across the three years was as follows: IR1
(49, 39, and 12%), IR2 (55, 34, and 11%), IR3 (32, 43,
and 25%), and IR4 (47, 37, and 16%). Analysis of
variance revealed significant effects of cultivar, year,
and root size on the chemical properties of sugar beet.
Extractable sugar content was significantly lower in
large roots (>1 kg) than in medium (0.5—-1 kg) and small
(<0.5 kg) roots (P < 0.05). No significant linear
correlation was found between root weight and the
elasticity of the central section. Increasing root size
resulted in a significant reduction in extractable sugar,
confirming that larger roots are less desirable for
processing efficiency (P < 0.05). A weak but significant
negative correlation was observed between root size and
resistance to cutting, described by the regression
equation y = -0.0036x + 11.121 with a coefficient of
determination R? = 0.18 (P < 0.01). Overall, medium-
sized roots (up to 1 kg) were identified as optimal for
industrial processing, combining higher sugar content
with lower resistance to cutting compared with small
and large roots. It is therefore recommended that crop
management practices should aim to achieve an average
single-root weight of approximately 1 kg.
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Conclusion

It is recommended that crop management practices
should aim to achieve an average single-root weight of
approximately 1 kg. Roots of this size not only contain
higher sugar content compared with larger sugar beet
roots but also and offer lower resistance to cutting than
smaller roots. This combination ensures better slicing
and enhances sucrose extraction efficiency during the
diffusion process in sugar factory

Keywords: Extractable sucrose, Shear strength,
Elasticity

References

Campbell LG. Sugar beet quality improvement, Journal
of Crop Production, 2002; 5:1/2, 395-413.
Doi:http://doi.org/10.1300/J144v05n01_16

VO¥

Schéfer J, Hale J, Hoffmann CM, Bunzel M. Mechanical
properties and compositional characteristics of beet
(Beta vulgaris L.) varieties and their response to
nitrogen application. European Food Research and
Technology 2020; 246:2135-2146.
Doi:http://doi.org/10.1007/s00217-020-03562-4

Roggo Y, Duponchel L and Huvenne JP. Quality
evaluation of Sugar Beet (Beta vulgaris) by Near-
Infrared Spectroscopy. Journal of agricultural food
chemistry, 2004, 52, 1055-1061.
Doi:http://doi.org/10.1021/jf0347214



’é: {}'fgs::-.

R }\ » &»*
= . o &7
£ A

SBSI

“ll

Journal Home Page: https://jsb.areeo.ac.ir Sl el gdy Caly eate oad

A3 jaze (olboaw 9 (Sl Oluwogas 1 aida ) 85101 45U
Teobab gy ol Lojtee O goblchug Al Ll S
VEFIAY s Fo b VFF/0/VY cdl ) )b

g3 llie g5
DOI: 10.22092/jsh.2025.370186.1391
VEE VY (Y)FY 8 )ity a8 yuiie olewd 5 (SWlSe Sluogad p ady,y ojlil 136 NP F Cobiad oo g (2150 500 «50Ulhwas .9 ¢ bb .o

SR
3 AR ol B 3,15 51,8 aly ) (Sl g (arlonad Olaogucd U Cod wiB ik g Sl BB 5,5 s
iy Juassu! il 5,50 o (£10,] Cumols g (1 41 Cioglie Jolud) (Seile b Trg 1 duin 051031 55U
b dolaad JolS Sl agly zob U 43 (AxB) Ja 551 Lslojl S 43 45 395 (YYAV=44) L5 Jlws denw b
AR AR Jolis (A ,5516) 1id aider 5,0 pdy sl i 12l 255 b oS 5ilighis oliams] 4L y30 5 51,55 +
5 (M) 0,59k S U o (o) bawsgio (S) 2,5 9 o5 51 05) 32 2ol (B ,9558) (539 89,5 4w > IR4 5 IR3
by Comdld pr g Sl @0 yio O VB v Slaal &y (e Azl 45 o8 2 339 (L) 0,55k Sy 51 35, 50) >
9 bwgilo ¢ 1) 09,5 douw At 9 Comuild i diliy B+ Joloud (oLl diged Y+ by b 1ol plondl alogyf y3 i3y
20955 2 SBddy; (Ao g (SHe Oluoguad (nad S (B3lad dudy) Vo 09,5 1 o 513l pandi S 3
3 o3l b o3 g duly ) cadgb (iow duw ;5 duly ) (£l )| Cumidg g (2 &2 Caoglie - ad ColsS (e 1S5 )+
s b i i (§lhag, 3 oty 159 (el 45 313 (L 5w (650311 o5y o5
SO0 IR2 8, (i )3) VY g (Jawgio) 7Y «(52,) 7.FA TR1 o8, 15 Cud 5 dy S g bawgio 3oy 831051 gy (Jluw
a3 gty (61t Jlaomias] 8 135 3393 7VF 3 TXY LBV IR o3, 9 Y0 3 FYL XYY IR o3, )Y 5 2V
58 (IVYIEY) 3y 5 (1Y YIAY) bt s 09,5 b cslbisi Jmomin] 5 43 5 3,50 b 2 (VYY)
(R2 = 0.12) Jlados! Ji6 455 sy g (R2 = 0.18) 5 4o Canglio colines b aisy (39 com -(P<0.01) wiogs
by y (S5 Curadg b duy 0j9 ol (5)IUae byl Lol .(P<0.01) sl bsalibie (s I3 dro (oo (Kiawson
o8y a5 gyba dg IR3 < IR2< TR1< TR4 Joli 0B, cui 7 ¢ i o9 41 Caoglite pkas 51 (R2 = 0.07) uls snalibio
CWBAi y A Comnd iy 8 o33 b iy 051051 (99w Lawgio (gl 310 Wi 1) (i 5 4y Croglio oy p0S IR3

22 55wy JLT g 60y INE rgo 45 Widgy 15495 12 5y (S Al y ) S JheS (152 4 Cnglilo 9 Ly
ST (139 (e o5 bl (5950 1 470 Cnild 9 CdlS S 2k 3900 00 Aoyl (il D9 00 (192 ot d Wi 8
Wl 0 )5 S S B9 W3 ke dilu

S5 Cundg iy 4 Canglie ¢ Jlaskiol LB 13 1 galS” g 8lg

babak_babaee@yah00.coM : Jytuo ot s —

ol @S «S5gMiS sy 5 Sbiael «Dliiog lojle )i )y did g Ol Cliiog At lutils Y
BY


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

iyt liand g (SlSe Sl ) ol 3l

oS okS WY do 3V Jlee L B jiiie (59 4 50 S50 S5
S S Yo (o AY la) 3550 gl il S
ol B b Gluls J1 s p)Sels Vg e )l
.(Campbell 2002) >4, .

Ay Solle Sluogad ( plord Clogad Jlie )
5 (Module of elasticity)  cbo) cuxds <59 9>
cuaS 5> (Resistance to cutting) o, & Cuoglie
o)l Sy (Draycott 2006) Wby jid L,
Sl (gl Al ¢5)9L3S (sl L w8 i3 sady
Olipe » Cwogad (pl & I cwl Cuenl gl g5 a3
0l sy Jolhe > adyy (Sadcewl 5 (Saass
(Kenter et al. 2006; ¢l )38 5 guiianss ¢ Jasg Lo
Huijbregts et al. 2013; Kleuker and Hoffmann
FeS) st 095 Yoz 4 Ay ol Cunsy 2021)
5o 2 OF9ISVAEL-) o deye o 2 ogigeSa VIA
955 5 (@ s » oFesle YIV-V/0) (obo)l (oye
298 o0 Aol (@0 S0 2 (19990 V- =W/ ) oaiiSis
.(Cooke and Scott 1993; Amaduci et al. 1982)

e 9 (Swlle ol 51K (S (b Jlie 53 Cunglie
S byl canl jaiie sadyy IS sl S0
2 I s b Cute (Stumen (JY ) 1S5 ol
I Ol slaais (ad WS Conge iy <l 392 (252
2 38 Ll plal g JW cals > (Blpsil
4 Cuaglia sy A5 ke (Gad)> D9 oo (492 j9id A9
Foome (ol p 9598 A Sl iaS) p i 0g)S gy 4 by
2 0¥ VM) (id (o5 pesilo p o5 AYY)
) wor 9 (el » 09 VAT ) (92 o plowiile
s VUKOV 1977) 595 o (s bapoamdls piogisbes y (yg555 V'
.(Cooke and Scott 1993 ;| Js

oo bl (Schafer et al. 2020) ,Ken 4 ,as
o)lged Slajerh Bl S Shy 5 SHle b Shy
) O3ars 295 8L Cod a8y il 08 )l (ol

)”LLQ(UUQL‘,] 059550 365 B unn aS 10,8 il5 4 oL

VoF

Aoddo

(Beta wis iz 51,505 adgi Lid 3 a3 claasls IS Bun
OL"'\';‘) L] OLeJJI) CRywi g 4 id u;)..of L vulgaris)
@ A sl 5 S Caagd > Jele o ptage Jlasciul
S Jlazil slaby) o 18 (SJPeSS CudS
cuasS IS b 4 (Cooke and Scott 1993) )l
(lord Sluogad | (dlasgere |) W8 jiie (S5eleiss
b ylake 69y g &S WIS (o0 iy (Suj g (Seiglon
oJud p[o.? LSLV u...mlf 90 9039 Y55 43[5-)15 20 JLWI
(Hoffmann 2010) 545 o &yt S

25k 4 gpdin 38 Sl )8 55 5L Jlassiul o5
WBjrisy glaady, jl B ans g giind Jold acdls
AL Y8 5| Jgbe 515858 gl g 5,51 gl
Cupd Giloopalls (g9 oiws )3 Lisl Jos 51,5 05
et ) Cusl M5 v 5,8l ol 5 Laglé oy g CO2
gyl Guaa ol e opl sles > (Van der poel al. 1998
3 iyt SleS 5 5l m Ol Jslme ol sl
it ilolia ol s 4 g pls oy 4y scdl
ooss a3 Rl oy Jolors (5438t SLS odas
s s Jlasawl bl a8 0k ddyy ) 29390 55
rdes b olyen bSal Jold SluS5 ) cam 92
555958 9 S5 Slaad (ke el (sladsl (sl
CdMo U Wb oo coge &5 Mitud 0y 5 Olyid ol
2988 g pials” o el 5 el e oy 5 550
ol 4 a8l o oMo S & 5,8 ) oty asils
A3 dpole IS 50 065 (Melassigenic) 15 wMe cluS )
mspzms-(m5M+mpp) dJa_l‘) )l 4515)15 JW] J)lﬁ
Ms ¢ Jlastiwl BB 5,510 Msp 5 cy5b 4 ] o Canday
oMo )3 35290 )5k Msm 8 )aisz a5 d9290 55 Lo
(Roggo et al. cusl 6,8 b gud clols Mpp

5SS V8o il oyniie a5 claals S )5 oyl 2004)



av

L g, 9 dlge

acyie 0 Jlaw dw Gdo 4 WAV Jlw jl Guiss oyl
TS RdleS’ 5 ly 18)dise Qliiod due Slindoo
S sl Sl ym ola ciawd) S Sllae i3 ]
2 8y cd)S pladl Lilegiy (gslew 41 polde (5)laS )
O cdy dal olB b cppoyio O XV dlal 4y o) dslad
Wl g CiS S ) g e Ao g (515 g el
1265 ploxl dums Joliio (sl jigy ol 2 sl llec
2 (AB) Jygsla pialej] G 55 i ol ()lol (5550
5 Phb SN b (Solar oS slaSol 4l z)b B
(@2 dR1(a1 Jold jloss jloz 5> 08) g5 A ygS a3 |2
59,5 4w 3> 4, 051 B )5S 4 IRa (@4 4 IRa(as IR
o8 Om) baogio (02 {(S) £, 5k o 31 2aS) 325 (b1 35
P IS G5l 5 ,5) by (b3 5 (M) p Soks S
Bl (SegisS (S 3l G Jlo o olobl sivgy (L)
Bgod .35 8, yb il Bolial diged Vo Cuiby 4 pladl
oBilejl 4 il ;| o Bdiged Doy ) ST oas 00 ol
ol CaByd g awgle 2y 09)5 A 4y g ()9 SO ST
S (ol yobo o duly; Ve 09) 2 o | e $42)5
Cunidg 9 (b 4 Caoglie Jold) (SSlSe Slooguas (s
P lme pobo 4 09)S o soa ) hle 5 QL (el
WD (65 e S5 N

sl is) SOl ( Sle Glognd yusd Cos
3 om 5 Jitto 428)1iin (590585 o8 _tylojl 4, ls
Gor el e 390 (—dye yeb 4 algn plul Bl
X VIO XY slel 4 Jdetine caSlo S5 4 oladiges B odly
Cunmdg g b 4 Croglie WA dps CaSo ol VIV

J9x ’] oL )l odla il [_, g u.cl_x»)\

ks g 45 (¢ Sojlul (INSTRON HOUNNSFIELD)
b kb by olog)l sy (Sl cer (2ls]
Do Ceglie (6 S o3Il Ca o3litul 3)90 4a g yresiiles
(Mohsenin g caSe yrogilow Axd/dx+/10 skl )

1986)

22 ok ol oS5 g (Sl la Sy » (S
ok o)l 4 Juate Jgb SLS 5 Glise sy 2590 B
9 @S Al Gl ady) SiS odle (e 53 ohage
o > Ogli Slo Bl cpl (Sl o Sy Jobo
Dy Hlid 4 Cuoglde 9 il
o5 ke gl (38 bl I ad)niee glopsd ady)
cuwl (Tail) g3 9 (ROOL) 4y, (Crown) a8l (Scalp) y
S dlo B slacglis on b SejlsiS5 S Llod 51 o5
Jlasl Jowe wi8)05> e .(Jaggard et al. 1999) )l
s> g o Jl Fomb (e b sl Gw g 0k glaS e
2 gl G5 peed Bl 5 @M & o il b Sl
Jab & and b aBgb 5l sl e el 3 525
sy A o ST 1y didyy Cowl el dw Sl ady,
i 53 sl Azl Jlad el dw STas o ady, ol
39l iy &y dBgbs 5y Cuowd L(Draycott 2006) >q 0
el sl a5 ooy St 1y a8 jatier iy JS ()39 203 B 9 Y
Sy J 4wl woypd Ve g P ke Gl A g8
ol 2 S Jlaiol o pd o S )3 gl slo Bl
rlo 5l S gldasMe LB job 4 g aopd VO 350
(Abdollahian Nogabi and cul 4y, (aciewd
Babaee 2015)
Wy B )Aii> Ay (Sl Sluoguad &S opl 4 dagi b
Cl gl diliseo pLE) 1 o L sla S
o plesl (Kleuker and Hoffmann 2019, 2021)
9 L A Cooglie Olpusd dlold pused =) Gua b Gudod
=Y by b pB)l 4y cdl bl cunsg
Spise (Slfe Slogad (g9, aia; ojl8l Jl s
on =Y g (P g auty) Bl Jold) (glo s iy calise
I g oy b asia) ol e o alauly 352

W) 1)?1 9 u.>|).‘o M)w



iyt liand g (SlSe Sl ) ol b

Force

VOA

O & Cenglie g 5Li8 &y Cuoglin (5 yS0jlul (gl W juiiy ady) Sl (5 o paiged 0gos Y JSW
Fig 1 Schematic representation of sugar beet root sampling for measuring elasticity and resistance to cutting.
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Table 1 Combined analysis of variance for the effects of year, cultivar, and root size on mean squares of
weight, crown, root and tail elasticity, resistance to cutting of crown, root and tail , and extractable sugar
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Table 2 Effect of year on resistance to cutting of the sugar beet tail over three consecutive years.
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Year Resistance to cutting of tail (N/Cm)
2018 10.33 a
2019 10.04 a
2020 8.36b
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Means followed by the same letter in each column are not significantly different according to Duncan’s multiple range
test at the 0.05 probability level.
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Table 3 Effect of sugar beet root size on extractable sugar
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Means followed by the same letter in each column are not significantly different according to Duncan’s

multiple range test at the 0.05 probability level..
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Table 4 Interaction effect of year x variety on the mean values of the following traits: root center elasticity,
resistance to cutting of crown, resistance to cutting of tail, and extractable sugar..
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Means followed by the same letters in the three-year columns and among the four tested cultivars are not significantly
different at the 0.05 probability level according to Duncan’s multiple range test.
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Table 5 Interaction effect of year x root size on the mean values of resistance to cutting of crown.
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Means with the same letters in the three year columns and among the three root size categories (small, medium,
and large) are not significantly different at the 0.05 probability level according to Duncan’s multiple range test.
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Table 6 Interaction effect of varietyx root size on the mean values of resistance to cutting of tail resistance.
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Resistance to cutting of tail (N/Cm)

)b pB)l iy ojlul
Root size
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IR: 7.40 d-g 10.47 b 8.80 cd
IRz 9.00c 12.67 a 8.24 c-f
IR3 6.94 fg 8.48 c-e 6.57¢g
IR4 9.08 ¢ 9.61 bc 7.31e-g
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Means with the same letters (small, medium, and large) across the three columns and 4 rows are not significantly
different at the 5% probability level based on Duncan’s multiple range test.
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Table 7 Interaction effect of year x cultivar x root size on the mean values of sugar beet traits: weight, crown elasticity, tail elasticity, and resistance to cutting of root center.

039 ) s fy s cneli
P i (S5 Cumdy Adyy (S by 4 Cuaglie

&b pB - Jls V\ﬁig?t) Crown elasticity (MN/M2) i oslos| cony Tail elasticity (MN/m2) Resistance to cutting of root (N/Cm)
Year- commercial cultivars Rdt‘)zgtnsﬂiu\zj‘e

I bugio 53 bawgia by I bawgie by i bawge by

S. M. L. S. M. L. S. M. L. S. M. L.
Y.IR, P 7hZ]6 13291 gofd 89dg 79 | 8ojm  82il  76lp | 74dk 75dk 50
Y.IR, are 7h3]8 B3 76in 7.9h-m IS l73mp 76lp  66q | 99bf 530l 64
Y1IRs 486 837 1488 1 7.1mn 7.4kn 4 77k0 73np 69pq | 57h1 46kl 391
YoIR, s 7hlf 14381 6on 7.6 jn i 710q 7loq 77ko | 83di 80dj  67Fl
Y2IR, 33 65?2 anc | 81g 8.5 d-i 8o 83hk 79jn 84fj | 88ch 102bd 10.1b-d
Y2IR, 209 16 M3 g 7.31n 4 76ko 78jn 720q | 135a 119ac 1l6ac
Y2IRs 302 6?7 BI6 | g3ek 8.2 fl Sg 95ad 74mp 75m-p | 83dj 69dl1  63g
Y2IRs 330 7915;‘ 12201 g7dh 731N s 82i1 94ae 82 | 12420 1 g?
YaIR, ol 7916]3 13331 g5di 9.2ce 29 le2be 8sdh 83gk | 34 ogpf 78dk
Y3.IR; 4k5|6 %10 lt?-2e4 9.3b-d 10.1b %? 89c-g 95ac 9lc-e 1quz 91c-g 1ll6ac
Y3IR; 4ot 797? 12271 91cf 102b 29 | 93ae 87ei 90cf | 83di 68el  54il
YaIR, 438 %‘?? 13401 101b 115a 113a | 98ab 99a  99a | 101be 88ch 8.0

A I3 gxe b3 70 Jlass] gdaws 13 5SS cyg0il ool o (oylol Blod 5 acndy VY g (s g bawgio o) oygiw 4w Jols Cado o (gl LSS By sl (cla pSile

Means with the same letters within each trait across the three root size categories (small, medium, and large) and twelve rows are not significantly different at the 0.05
probability level according to Duncan’s multiple range test.
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Fig 2 Relationship between root weight and root elasticity in sugar beet.
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Fig 3 Relationship between root weight and root cutting resistance in sugar beet.
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Fig 4 Relationship between root weight and extractable sugar in sugar beet.
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