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Extended abstract
Introduction

Sugar beet (Beta wvulgarisL.), belonging to the
family Chenopodiaceae, is a biennial root crop known
for sugar production after sugarcane. Rhizomania and
root rot are considered as the most deleterious diseases
for sugar beet production and consequently sugar
industry. These diseases result in significant yield losses
and influence grower profitability. The most efficient
way to deal with the disease is to use resistant cultivars.
Researchers have introduced various indices to increase
selection efficiency. One of these indices is the SIIG
index, which was introduced to integrate different
methods of stability analysis. For its calculation, a
variety of indices and traits with different natures and
units can be used, increasing the efficiency of selection.
Considering that selecting desirable cultivars with
specific and desired characteristics by a single trait alone
may not lead to desirable results, in this study, the ideal
genotype selection index was used to integrate
important traits related to quantitative and qualitative
yield for better evaluation of hybrids and identification
and selection of ideal hybrids.

Materials and Methods

In order to select the ideal hybrid in terms of all the
evaluated traits, 16 hybrids obtained from test cross
along with domestic control called Dena and three
foreign controls called FD16B3013, Urselina and
BTS1930 were evaluated based on randomized
complete block design with four replications in five
locations of Karaj, Miandoab, Mashhad, Shiraz and
Hamedan in 2023. After land preparation including
plowing, disking, leveling and plotting, the experiment
was planted in late March. The studied materials were
evaluated in experimental plots consisting of three rows
of 8 m length with 50 cm row space and 18 cm distance
between plants in a row. Roots were harvested and
weighed in the second half of October, and root yield for
each cultivar was converted into t ha. In order to obtain
pulp sample, 30 roots were randomly selected from each
plot. Roots were washed and weighed, the pulp was
prepared in the laboratory, and after freezing, it was sent
for qualitative analysis and determination of qualitative
related traits including sugar content, white sugar
content, root a-amino nitrogen, sodium, and potassium
content, alkalinity, extraction sugar coefficient and
molasses sugar content. After collecting data from all
regions, combined ANOVA, mean comparisons in
terms of measured traits and correlation coefficients
between traits based on the average data of all regions,
as well as the heritability of traits based on the estimated
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amount of genetic, environmental and phenotypic
variances and genotypic and phenotypic coefficients of
variation were performed using SAS V. 9.0 software.
Finally, in order to evaluate phenotypic diversity and
integrate the evaluated traits to determine the ideal
hybrid, the ideal genotype selection index (SIIG) was
calculated using Microsoft Excel.

Results and Discussion

Bartlett's test confirmed the homogeneity of variance of
experimental errors in the studied regions. Therefore, a
combined ANOVA was performed to examine the main
effects and the interaction between the source of
variation. According to the results of the combined
ANOVA, the effect of location on all evaluated traits
was significant at the (P < 0.01). Also, the difference
among cultivars in terms of all evaluated traits (except
for potassium content) was significant (P < 0.01), which
indicates the existence of genetic diversity among
studied cultivars and hybrids, and since the existence of
diversity is one of the main pillars of breeding, it
contributes the breeder to select desirable plant
materials. Since one of the most important stages in
breeding program is determining an index for the
screening of the plant materials, and the occurrence of
different hybrid ranking in terms of each trait, the
accurate selection of the best hybrid is not possible.
Therefore, in order to screen the best hybrid by
considering all the evaluated traits at the first stage, all
hybrids and cultivars were ranked separately in terms of
each trait. Then, the total ranks were calculated for each
of the hybrids and cultivars. The hybrid or cultivar with
the lowest and highest total rank values were identified
as the best (rank 1) or the weakest (rank 20),
respectively. Based on the results obtained, after
identifying BTS1930 as the superior cultivar, hybrids
No. 12, 9, 8 and 14 were ranked second to fifth,
respectively and had a good relative advantage over two
other foreign controls Urselina and FD16B3013, which
were ranked as sixth and eleventh, respectively. The
domestic control cultivar Dena (No. 17) ranked ninetieth
and showed a significant difference in terms of rank with
the superior hybrids of the new generation, which
indicates genetic progress and response to appropriate
selection of the new generation hybrids compared with
older cultivars that can be registered and introduced as
new cultivars. The results of calculating the SIIG index
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based on the average of traits in all regions in terms of
identifying ideal cultivars and hybrids were largely
consistent with the results of their ranking as mentioned
before. Based on both calculations, hybrids number 12
((201-9*301-11) * S1 —980133) and 9 ((201-9*301-11)
* S1 — 980126) had a more favorable status than other
hybrids. Therefore, these two hybrids and, in the next
stage, hybrids number 8 ((201-9*301-11) * S1 -
980119) and 14 ((201-9*301-11) * S1 —980139) can be
introduced as superior and ideal hybrids and can be used
for supplementary research. Of course, in this research,
in addition to presenting the results of calculating the
SIIG index, a two-dimensional diagram of the
classification of hybrids and varieties based on SIIG
index and sugar yield as the final yield of sugar beet crop
based on the average of all regions was also drawn to
screen and identify ideal hybrids. Hybrid No. 12 ((201-
9*301-11) * S1 — 980133) had a more favorable status
than other hybrids, and therefore it can be introduced as
a superior hybrid overall.

Conclusion

Overall, results showed that the SIIG index was able to
identify ideal cultivars and hybrids and in accordance
with the results obtained from the ranking of cultivars
and hybrids in terms of all evaluated traits. This index is
a selective model and is used to select the most ideal
cultivars and hybrids. In other words, using the SIIG
index, different traits can be converted into a single
index and the selection of superior genotypes can be
done more accurately and with less bias in different
breeding programs.

Keywords: Dominant diseases, Ideal hybrid, Selection,
Sugar beet
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Table 1. Characteristics of the studied plant materials

&) SRR IC Sy ) 55 St e 0 o oSy
Row Hybrid pedigree/cultivar Co. Row Hybrid pedigree/cultivar Co.
1 (201-9*301-11) * S1 — 980059 SBSI 11 (201-9*301-11) * S1 — 980128 SBSI
2 (201-9*301-11) * S1 — 980065 SBSI 12 (201-9*301-11) * S1 — 980133 SBSI
3 (201-9*301-11) * S1 — 980066 SBSI 13 (201-9*301-11) * S1 — 980135 SBSI
4 (201-9*301-11) * S1 — 980073 SBSI 14 (201-9*301-11) * S1 — 980139 SBSI
5 (201-9*301-11) * S1 — 980081 SBSI 15 (201-9*301-11) * S1 — 990098 SBSI
6 (201-9*301-11) * S1 — 980089 SBSI 16 (201-9*301-11) * S1 — 990136 SBSI
7 (201-9*301-11) * S1 — 980111 SBSI 17 Dena SBSI
8 (201-9*301-11) * S1 — 980119 SBSI 18 FD16B3013 Florimond Desprez
9 (201-9*301-11) * S1 — 980126 SBSI 19 Urselina KWS
10 (201-9*301-11) * S1 — 980127 SBSI 20 BTS1930 RHC Beta seed
SBSI: Sugar Beet Seed Institute A8 aie i ag g Mol Olides duwwhe :SBSI
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Table 2. Geographical characteristics and physicochemical condition (depth 0-30 cm) of the soils of
experimental conducting regions

; | elis)|
e i’:” , o <’ 4 EC oc P K  Clay Silt Sand kel
Region ~ &% <& o e PP dsim) (%) (ppm) (ppm) (%) (%) (%)  Soil tex.
Long. Lat. Alt.
5 ) Pe
KC . 5052°E  35°50'N 1244 7.2 0.85 1.37 275 507 37.3 41.4 21.3 Clay
araj loam
u] Sleo ° ° ‘_;l:-“’ PBJ
N 46°06'E 3657N 1294 7.6 0.92 0.53 12 395 68 60 23 Silty
Miandoab |
oam
st st g
59°39°E  36°12°N 998 1.4 1.4 0.63 143 301 17 44 39 Silty
Mashhad
loam
R ) F?J
S;}’f‘“ 54°33E  28’45N 1185 7.8 201 076 44 264 346 364 29 Clay
iraz loam
BEVS o o e 9
- 48°30°E 34'47'N 1819 7.9 6.1 045 476 499 15.5 275 53 Silty
Hamedan
loam
el Slae S 5 adllas 3,50 (LS Slgo 53,5 ot S e Jali) Ggllao g 4 e 3boosbel 5| g

ol B0 Cindy Alolb b pro codin Jobo 4 Loy, dw Jolis olo (13958 Jgl amd y3 Sliulejl als ((gaues)S g pulaus



wlilogiy 4 polie (sla ol S'cund (i3S g (b))

25 Aoy wldules] 53 3,5 oyl (2,5 55 Bly) A8 yuies
PS5 Ve 3 S p)S s ) e by 4 (SC)
oiey & (Na) e 5 (K)ol jlade (w800
o 1) ol 23 gy 4 (N) 0oy e 5 (6 yoosishnsls
S g ySojlal (ady) e oS Ve 3 (Vg ST e
P Ve P S p)S s ) oo B line (eSS g
») (WSY) pals 5 (SY) (allbl a8 5 Slas (a8)15>
Py e ) (WSC) alls 48 0o > (1S )3 (5 e
(ECS) y5i Jlastul cupd g (450t p)5 Ver ) S8

25 bilgy 5HAIC) culds oy g (S0 doyd s )

oy

8 bl dyse yre sl VA sy 55y iy Aol g
(@395 s ll) cusly Gllas Wiy 0y Jobo 3 a8 ,S
5 @bl b ojyle jya (slacile b oj)le ygmilgadlss’ Cllas
b plogl g Sl o, g dilate G Llol (o
9 SO Cgo olo e pgd Ao )3 addy) (njgf g Cudlyy
0D fad S 53 (5 s 08) sl e 3)Sles
adyy dae Yo ol w08 o Joazme Sl S ed jglaie
9 e iy ) WAl Ol diges lais 4 (Bolas sk
Gl ool 3l any g ag oBtlol 13 () o 0 99

i 2oy Jols (S Slio s g 2L bt

A oolatwl O ol 9 it wpio ey Jold ady, sl 2Bl
JROrY 9 CM"”‘ Oladd duwle L8 (6599l o&bﬂlnﬂ
SY=SC x RY (V abaly)
MS= 0.343 (K+Na) + 0.094 (a-amino N) — 0.31 (v abaly)
WSC= SC - (MS + 0.6) (Reinfeld et al. 1974) (v a.l))
WSY =WSC x RY (Cook and Scott, 1993) (¥ k)
ECS= (%) x 100 (0 )
Alg= —N2__ (% k)
a—amino N
X11  X12 X1 . el i .
Xp1 Xay ermn S yo illy @328 oblie a5 )3 Laosly (5l ae 1 an
D= : : (V “-‘9%1))

Xn1 Xpz2 - Xnm
Jley gy i dalyjlaib o (=1,2,..m) ol cigs b

eslitol (R) 025 Jlos csloesls (e 5lo iS5 5 sl (2,8
(A ) 3,5

I = R =
1] n 2
i=1Xjj
r r cee r
11 T12 1m (A akayl)
Iz1 TIpp Iom

'ni Tnz -+ Iym
9 O Cdo g9 el p g o Chde o Jle
g0 > (Jle glyedr ede Ol g (n s

g oles 4 gl JBhs sy, gl palbl b ki

ol (6pSojlul Glaw blod 4y alS slge 1:Ske ciluwlds
S laosls (pSleo (bl Slbo G (Stsod o2
Mo oll p Slao el Hlade (pixen 5 bl
Calrd g gt 5 lome (S5 slouilyly 00d 29l
SAS VEr.9.0 sl s | oslisial b oogid 5 coigi§ lpuais
PLdl 5 (6598 £95 sy yskaie 4 (Caled 3 35 plosl

023l 5l o) e e Car b)) 20 Olio
Loy (Zali et al. 2015; 2017) Jlow) cuwig; bl
25T 4 ol dnsloma 0955 48 13,5 ealizl EXCEL ljile

Il
5 ewig) sl 4 axg b SIIG a4l —cuss
2 Oygo d odld Ly pile 1Al ¢y 390 calisee Cilao



oy

o 53 (&) pely Gl Slao 1 ) (2Ll 3)90 Slao
S5 SIS S (1 Jgi) 251 g 1o Sy Jlos
3y ol aallas 3)90 sladoyun 5 pB)) le (45 935
OS5 (S s 350 oalS g e g5 3925 45 lox]
Alge S Gl (o9t i 2929 1 Canl (o35 Lol
Silwge e Y 2D L 505 4y 1) oollas alS
P NS (S5 glbedg g I gae SMET 352
(Hamze etal. 2021; cool osds (i)l58 305 (6,505 Ollas
Rajabi et al. 2022; Hassani et al. 2022)
Ol Xuigis Blite 5l ool Conty @lis ol psien
by Qe Slao | 1) (b)) 3)90 o &S (4l 5
@ 1 Joi2) g2 b dop> Sy Jlaisl w3 ()
Lld 4 by ju 5 pB)) (r gl (5950 b liee o 55ke
ol Bl Sy ddlaio g45 4y 00 (6550 |l Claw
o] lizo 51 5 logeigsy daglSo Ll g LB s
oS (K55 sl 5 amo Ll 53 Sy & Sl (500
039 oglite 505 bame 4y bame S 1 oS 598 0l s
Jolos Gl Jlite Sl a5 a3 o LS ggdge (e
(Yan el Glial B b (555lsS clidos 5 Gl
oMb b g=e and Kang 2002; Sabaghnia et al. 2010)
3,5 obled |y cusdly cnl Sl 4255 55 quigsy xlSe Jilits il
ol ol wglate STy alisee (gla IS 4 bacuigiy oS
15T ggtte slalaome )3 s 2bj)l Sgps 2 cnlple
S o
(Sadeghzadeh Hemayati ;Ko 5 tlos odlj 5ol
(Saremirad and L 4 o) )l 4 €t al. 2022)
Xewies blae gl &S Wb ol o Taleghani 2022)
Cod |y wbyuie lews) (&S 5 o5 s SRy oS
2 ok yen Wgi g 2ol plSin cplpl ol 1,3 st
Jlizo 5150521525 5 )8 5 o 9550 ol L 435,000
wepad B ojlee wald 1) (el e X
S gogad 5 poee G Gln A syl
wely Sy )3 eag) 2es (ylul g 3o 4 (St
398 (& pS pranas 2, Jae bal i 5l glod S b dgu0re
.(Sadeghzadeh Hemayati et al. 2022)

VEY [Nojlods /§+ s /455 ks

A5 a8 a3 i <5 lsis & o] S g Jlo
G55 3o (@) Jlon) sy jl Gz 2 dols (e
DA dle yj balgy elul o (df7) cans

o= IO =

1. ....n

i = |2, (—r7)° 0=
1. ....n

(Ve akly)

1 sk (51,2, ..m) plf g bdaly (2, ... 1

i G955 5 Jlon] quigis b Jlo Jude ity 177
dolbdf el (i=1,2,...0) pli (Cho) jasls » gl
P Mibe dns g 3l alol di g Jlob] cuigs ]
20,5 duwloee VY dayly wlal 5 SHG (a3l jlade colys
22y 4 5 gl yuiia SO B yho oy o (5205 5o oS
e sl 5o Jlon) g 4 ki 550 i b
ol bl g daled S0 5 G e 4 el ol (goae
5 Jlotl gy 5l alold (a8 glyls Jlosal gy ¢ a3 L
Zali etal. 2015; ) wib o s cgj 5l alold oy i

(2017; 2020

d; .
1HGi= L =12, ....n
SIG dy+d} T (V) i)

0<SIIGi<1

oialejl 1y talol glallas uily)ly (San iyl y90]]
Sy o S pe uibyly ajos ooplply 5,8 ol sble
12855 plol Wl wlie G Jlite Sl 5 (Lol ST )
Jaiz) bodly S po uilyly 40 5l Jols gols wlal p
Solel blod & adlllas 590 caliseo sblio ;5 o0d (5 pSojll
S 5las 51 Pl s o SWS] ((piomed 2392 5l ixe



wlilogiyy 4 polie (slaul S'cund (i35 5 (b)) oY

bl 290 Slae S e uibyly 455 ¥ Jgaa
Table 3. Combined ANOVA of evaluated traits

Ol glie @ p (MS) laye (150
S.0.V d.f RY® SC SY WSY Na K N Alc WSC ECS MS
o 4 34093.9° 150.1% 1323.4° 8728 111.1% 84.29° 200.2° 679.1° 166.2° 510.7° 5.82"
Loc. * M * - " . M " . * *
s
E;ror 1 15 161.82 4.16 8.35 7.54 4,07 1.32 0.75 9.72 3.73 61.66 0.86
N 19 109177 5617 33.96™ 23;20 7.307 041" 2107 878" 9.92" 74;41 0'Z6
Geno.
O X

GenoxLoc 76 24277 177" 863" 658 199™ 031" 065" 417" 299~ 2283 024

¥ ls

oo 285 824 118 291 239 080 037 023 22 191 1461 0.6
“‘“g \“/“'l""" 5047 022 155 104 033 0002 009 033 040 299 003
Lf‘“"“E“\f“)‘ﬁ 824 118 291 239 080 037 023 226 191 1461 016
U“’;; *\’/“l*"’ 13287 140 446 343 113 0372 032 259 231 1760 0.19

595 S

(o) 1167 271 1167 1183 1908 085 1299 1078 453 215 632
GCV(%)
98 Ok oy
(o) 1894 684 1979 2149 3532 1164 2449 3019 1088 522 1591
PCV/(%)
i <y 038 016 035 030 029 001 028 013 047 017 016

o> S5 Jlasis ! pdaws )3 o dze g )l me Sy 4 e g NS
05955 9wl g lpse iy 4 N g KN alls g (el s 5 Slas WSY 5 SY ¢ alls § allbl aib asy WSC 4 SC sy 5 Slos :RY®
‘)MMA A8 Lo yd MS <)S.w JL@}M‘ w)Ao ECS ‘wL.lB w)ao AIC oy o)aa‘.n
ns and **: Non significant and significant at 0.01 probability level, respectively
“RY: Root yield SC and WSC: Sugar content and white sugar content; SY and WSY: Sugar yield and white sugar
yield; Na, K and N: Root sodium, potassium and a-amino N content Alc: Alkality coefficient; ECS: Coefficient of
sugar extraction (%); MS: Molasses sugar (%0).
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Table 4. Mean comparison of evaluated traits based on the average data of all regions

VEY [Nojlods /§+ s /455 ks

Gble als” slaodly (1 Sho wlol 5 obj)l 5500 Clas 1WSle dwslio ¥ Jeas

L]

RY* SC SY WSY Na K N Alc WSC ECS MS
Genotype

1 70.41> 16.79¢h 12,06 9.7 29249 502 2962  4.28% 13.50%d 80.13¢ 2,69
2 58.25¢F 17.39*f 10.3%9 8.4%9 28699 523 248b¢ 455% 1408 80.7%  2.70°¢
3 55.11%9  16.92%"  9.4Fi 7.5 3.120d 5318 2 10F 523 13,54bcd  79.gc 2 7gbed
4 53.89%" 16.63f" 920  7.3ohi 3 720c 50w 229d9  g508 13.06°° 77.9% 2,97
5 60.72¢%  16.429" 10249 8.0%h 370 514%c 278 508w 12.84%  76.9%  208°

6 48441 17.41f 8.5 6.9 29499 534®c 260 4,79% 14,04%¢ g0.3%c 2.77°e
7 555449 17.44% 9geh g Qth 257¢f0  52@dc 249> 408 14228  813®  261%
8 59.86%f 17.69%d 10.7%de g7cde  2.62¢f0  523Wc  p3ndef 4 gpede 1448  817®  2,60%
9 54.92°%  18.09° 10.1%9 8.4%f 2349 528 220fh 4.98cd 14,982 8272 2.51¢%
10 60.11¢F 17.78%¢ 10.8>¢ 8.8 26899 543 19991 596%c 1452%  81.4%  2.66%
11 63.14° 17.53%¢ 112bcd g1cd 27849 528Wc p4pcf 5pQede  1425%  812®  2.68%
12 60.52¢% 17.90% 10.9>¢ 9.1%  238W 515%c 2107 506 14.83*  82.6° 2.47¢

13 62.32¢ 17.60%¢ 111> 90k 27199 540 2.35%f 5360k 1431% 80.9®  2.69°¢
14 61.34c¢ 17,7274 10.9>¢ g9  25Gefs 532 23pdg 498 1451% 817 2.61%
15 51.149" 17.06°9  8.9" 7.20 2.47°% 5543 2.42¢f 497  1379°%d  8Q.5c  2.67%
16 61.44c% 16,979 10.5¢F  g.4¢f  3,03%f 525Mc  72%c 5 Qlede  1358%d  79.6bc 2,796
17 61.78%  16.18" 10.2%9 7.9¢7 4642 524% 2120  §.27®  12.30° 75.1¢ 3.282

18 64.09° 18.022  11.7%¢ 9.7%¢ 2.75%8  4.92¢ 1900 565%1 14922 82.72  2.50%
19 77.090  17.42*f 1358 10.9* 3.33¢ 520%™ 1821 6.30% 14.03* 80.3%°c 2780«
20 77.028 17179 13.4® 107 408 504 170 6.61*  13.59%d 78,9 2.9gb

Wl 18y by 93 (0le (o )l gine BB 525 pae | (S alie By

9 oals uader e oy N g KINA (S o 5) palls g (Il s 5, Slae WSY 4 SY ¢ als § allbb 48 1o, WSC 4 SC o[l 3 () 4y 3,8les :RY®
oo 45 00,5 M (103) S5 Jlasxial oy EECS nlll i AAIC i) yrad 2,5 Voo )3 25 (Wl (STidio) i) 020 (550
letters indicating non-significant difference between two hyb./cul. means

“RY: Root yield (t.ha*); SC and WSC: Sugar content and white sugar content (%); SY and WSY: Sugar yield and white sugar yield
(t.ha); Na, K and N: Root sodium, potassium and a-amino N content (Meq.100g+* root); Alc: Alkality coefficient; ECS: Coefficient

of sugar extraction (%); MS: Molasses sugar (%).
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Table 5. Ranking of studied plant materials in terms of evaluated traits

9]

Genotype

Y* SC SY WSY Na

9 17 1 15 12 1 13
8 13 6 10 10 6 9
14 9 5 8 8 4 16
19 1 10 1 1 16 7
10 12 4 9 9 7 19
11 5 8 5 5 10 14
1 3 17 3 3 12 2
13 6 7 6 7 8 18
20 2 13 2 2 19 3
7 15 9 16 15 5 12
2 14 12 12 11 11 8
15 19 14 19 19 3 20
16 8 15 11 13 14 11
6 20 11 20 20 13 17
3 16 16 17 17 15 15
5 10 19 13 14 17 4
17 7 20 14 16 20 10

8
11
10

2

4
13
20
12

1
16
15
14
18
17

5
19

7

K N Alc

[
H,\)mmmb\l

13
11
17

4y ggoxo L)

WSC ECS MS -
Sum of rank  Final rank

1 1 3 79 3
6 4 4 83 4
5 5 6 84 5
12 13 15 96 6
4 6 7 97 7
8 8 9 97 8
17 14 10 102 9
7 9 11 105 10
14 17 19 112 11
9 7 5 115 12
10 10 12 117 13
13 11 8 145 14
15 16 16 146 15
11 12 13 157 16
16 15 14 159 17
19 19 18 163 18
20 20 20 171 19

OFar 5 el (i liee i 4N g K Na (allB g (el w6 5 Slee (WSY 4 SY ¢ jald § alBb 48 103 WSC 4 SC iy 5,Sdas :RY?
oMo 18 30,3 :MS (S Jlasiinl o i :EECS (epls o i JAIC iy 00

“RY: Root yield SC and WSC: Sugar content and white sugar content; SY and WSY: Sugar yield and white sugar yield; Na, K and
N: Root sodium, potassium and a-amino N content; Alc: Alkality coefficient; ECS: Coefficient of sugar extraction; MS: Molasses

sugar.
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Table 6. Selection index of ideal genotype (SI1IG) and sugar yield in genotypes over different regions

A elpilea bl JS

%) &S ) e %) S <¥95 Miandoab) ¥% Mar %) d:” of

Genotyp Karaj  Genotyp Mashhad Genotyp Shiraz  Genotyp ( Genotyp Hamedan Genotyp regions
“SIG SY SHG_SY_ SIG_SY_ SHG_SY_ SHG_SY_ SHG_SY_

14 0.74 5.9 19 0.70 11.3 12 0.73 151 9 0.63 134 1 0.75 124 19 0.67 13.5
8 0.71 5.8 13 0.69 10.9 14 0.73 153 5 0.62 14.8 16 0.69 11.7 14 0.64 10.9
10 0.71 5.7 12 0.66 10.4 2 0.71 158 19 0.61 15.0 11 0.68 11.1 8 0.62 10.7
7 0.69 4.9 8 0.63 10.3 3 0.71 156 15 0.56 12.0 12 0.67 111 11 0.61 11.2
15 0.69 5.5 10 0.60 10.0 15 0.70 156 12 0.56 11.9 8 0.63 10.7 9 0.61 10.1
13 0.68 5.2 14 0.56 8.8 7 0.70 14.6 14 0.52 142 18 0.62 938 13 0.61 111
11 0.67 55 7 0.53 8.8 10 0.69 144 17 0.52 13.0 2 061 94 10 0.61 108
0.66 6.3 11 050 9.1 8 0.68 14.3 10 0.50 13.9 14 0.58 10.5 1 0.60 12.0
0.63 4.9 5 049 85 16 0.68 15.8 2 0.50 145 13 0.55 9.7 20 0.57 134
0.59 5.3 18 048 7.8 13 0.67 15.7 8 0.49 123 10 0.54 10.2 2 0.56 10.3
0.57 5.3 9 047 7.0 1 0.65 154 13 0.49 138 6 054 81 7 0.55 938
0.57 45 16 046 7.4 11 0.64 147 20 0.49 157 7 0.51 8.7 15 0.50 8.9
0.56 4.8 2 044 7.4 6 0.64 14.3 6 0.48 11.3 9 0.41 6.8 16 0.50 10.5
054 51 15 0.38 5.5 5 0.61 153 1 0.46 13.6 3 0.40 6.9 3 0.48 9.4

0.36 8. 0.44 0.34 0.43 85
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Hybrid No. 17 is the domestic control and hybrids No. 18, 19 and 20 are foreign controls.
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and qualitative related traits of different hybrids in the study regions
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* and **: Significant at 0.05 and 0.01 probability level, respectively.
*RY: Root yield SC and WSC: Sugar content and white sugar content; SY and WSY: Sugar yield and white sugar yield;
Na, K and N: Root sodium, potassium and a-amino N content; Alc: Alkality coefficient; ECS: Coefficient of sugar
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Fig 1. Two-dimensional diagram of the classification of studied genotyps based on selection index
of ideal genotype (SIIG) index and sugar yield (SY) based on the average of all regions
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