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Introduction

Sugar beet is the main source of sugar production in Iran, accounting for approximately 60% of the country's
sugar production comes. The rest comes from sugar cane (Ribeiro et al., 2016). Hamedan province, with a
cultivated area of about 7 percent of the total cultivated area of the country, is one of the most important
provinces in terms of sugar beet cultivation and sugar production. Nahavand and Asadabad regions also have the
largest cultivated area of sugar beet in Hamedan Province and are considered the most important sugar beet
cultivation areas in the province. Seed is a crucial agricultural input. It provides farmers with significant added
value by improving the efficiency of other inputs, such as water, fertilizer, pesticides, and machinery.
Maximizing yield is impossible without using the right seeds, even with significant energy investment
(Sadeghzadeh Hemayati et al., 2024). The primary aim of conducting variety comparison experiments is to select
and introduce suitable varieties to farmers in each region, this study was conducted to compare sugar beet
varieties and introduce the best variety in the Nahavand and Asadabad regions of Hamedan province.

Materials and Methods

To evaluate the root yield and quality characteristics of some breeding commercial sugar beet varieties in
Hamedan province, an experiment was conducted in two regions: Asadabad-Vanderabad Village and Nahavand-
Gyan Village, in 2023, under farm conditions. The study included five Iranian commercial cultivars—Sina,
Nika, Shokofa, Asia, and Dena—as well as a foreign cultivar, Urslina, which served as the control. Planting took
place in Nahavand on March 10, 2022, and in Asadabad on April 15, 2023. A total of 30 planting lines, each
measuring 300 meters in length and spaced 50 centimeters apart, were allocated for each cultivar. Each cultivar
was planted in an area of 4,500 square meters. The farmer carried out all land preparation and farm management
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operations in accordance with local customs. At the end of the growing season, four samples (as four replicates)
of each variety were randomly harvested and weighed, and root yield was obtained. The harvested roots were
washed, pulped, and sent to the Sugar Technology Laboratory at the Sugar Beet Seed Institute for quality
characteristic measurement. Cluster analysis and factor analysis were performed using R v.4.2.2 software.

Results and Discussion

Because of the significant interaction effect between cultivar and environment, which indicated independent
responses of cultivars in the two different locations, all data analyses were performed separately for each site. In
Nahavand, the highest sugar content and white sugar content were observed with 18.24 and 15.87 percent,
respectively, and the highest sugar yield and white sugar yield were observed with 19.29 and 16.79 ton.ha’,
respectively, in the foreign cultivar Urslina. Among the Iranian cultivars, the two cultivars Dena and Asia had
the highest yield. In Asadabad, results showed that the foreign cultivar Urslina had the highest values among the
studied cultivars in terms of sugar content (18.29%), sugar yield (19.80 ton.ha™), white sugar content (16.17%),
white sugar yield (17.51 ton.hal), and sugar extraction coefficient (88.4%). Cluster analysis results indicated
that the cultivars were grouped into three clusters in Nahavand and four clusters in Asadabad. Based on the
results of the cluster analysis conducted in the Nahavand environment, two clusters were introduced as superior
clusters. The first cluster included the Urslina variety, while the second cluster comprised the Dena, Asia, and
Shokofa varieties. In the Asadabad environment, the first cluster also included the Urslina variety, and the fourth
cluster contained the Nika variety, both of which were recognized as superior clusters. Factor analysis identified
two significant factors, explaining 95.57% of the variation in Nahavand and 95.94% in Asadabad.

Conclusion
Overall, the Urslina cultivar emerged as the superior cultivar in both environments. Among the Iranian
cultivars, the Dena and Asia cultivars were recommended for the Nahavand environment, while the Nika cultivar
was suggested for the Asadabad environment due to their better quantitative and qualitative characteristics.
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Table 1- Physical and chemical characteristics of the experiment soil in Nahavand and Asadabad
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Table 2- Homogeneity of variance analysis (Bartlett's test) in two environments of Nahavand and Asadabad for traits of sugar beet
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Chi-square
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RY': root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar content; WSY':
white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Table 3- Combined variance analysis for quantitative and qualitative characteristics of sugar beet in two environments of Nahavand and

Asadabad
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RY: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar content; WSY:
white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Table 4- Mean comparison of different sugar beet cultivars in terms of quantitative and qualitative characteristics in two
environments of Nahavand and Asadabad
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Environment Cultivar RY (t.ha?) SC (%) SY (thal)  Na(megg?) K(meg.g?) N (meq.g?)
St?:a 97.743.36 14.86+0.14 14524048  3.46+0.04  4.48+0.04  2.23+0.02
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ena
Laeo gl
e 105.843.44  18.24+0.19 19.29+0.52 1.60+0.07  3.98#0.09  1.79+0.06
rselina
LSD 5% 1411 0.378 2.08 0.219 0.282 0.156
Sl‘““ 108542.92  14.06+0.19 15254041  3.5240.08  3.29+0.02  2.81+0.08
Ina
NK; 110.946.11  14.79+0.17 16.40£0.92  2.39+0.04  2.94+009  0.97+0.04
IKa
s
) 113.845.76  13.21+0.17 15.0440.78  3.5040.05  3.25¢+021  2.29+0.10
AW Shokofa
Asadaba AL"”_' 99.7+6.41 13.3420.26 13.26+0.69  3.2240.14  3.00¢0.01  1.92+0.03
Sla
D‘” 11264353  13.83+0.10  1557+0.56  3.69+0.10  4.70+0.18  2.77+0.08
ena
Laeo g
e 108.3+3.15  18.2940.04  19.80+0.57 1.78+0.04 2974006  2.07+0.06
rselina
LSD 5% 14.86 0.527 2.07 0.284 0.327 0.188

Sloads dunlie al5las pB)l o 55 5 0 plos] Jilite Sl a0 by (hgsd (ke dunlde
Mean comparison was performed by slicing interaction and cultivars was separately compared in each environment.

Oiarw Nttty : K i : Na a8 5 ,Slae : SYuid 00,5 :SC ey 5 Slee RY

RY: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen
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Table 4- Mean comparison of different sugar beet cultivars in terms of quantitative and qualitative characteristics in two
environments of Nahavand and Asadabad, continued

b 28 3 Slos e

L o3, WIS RVESTRCC IR i oo i3
. . . X3 Jlascin!
Environment Cultivar Alc WSC (%) WSY (t.ha?t) Ms (%)
ECS (%)
St?r‘:a 3.57+0.06 11.64+0.17 11.37+0.38 78.30.37 2.63+0.03
|
N‘%;a 4.55+0.11 10.29+0.08 10.29+0.44 75.10.26 2.82+0.03
|
iy
3.77+0.12 11.3540.11 12.81+0.56 79.0+0.24 2.42+0.04
Sgles Shokofa
Nahavand AL”;; 4.21+0.09 13.52+0.09 15.40+0.78 83.6+0.39 2.04+0.06
Di; . 3.80+0.08 14.39+0.18 15.70+0.65 83.3+0.49 2.28+0.07
Loy
) 3.13+0.14 15.87+0.22 16.79+0.48 87.0+0.37 1.77+0.05
Urselina
LSD 5% 0.303 0.455 1.69 115 0.154
st?:a 2.44%0.10 11.18+0.22 12.11+0.36 79.4+0.44 2.29+0.03
|
(e
Niva 5.55+0.28 12.58+19 13.95+0.78 85.0+0.32 1.6120.02
6y
) 2.98+0.23 10.39+0.19 11.83+0.62 78.620.58 2.22+0.06
bl Shokofa
Asadabad AL*;; 3.2420.07 10.74+0.26 10.67+0.52 80.540.53 2.00+0.05
D“’ 3.04+0.18 10.40+0.17 11.72+0.49 75.240.74 2.83+0.09
ena
Laeo gl
) 2.3140.05 16.17+0.03 17.51+0.51 88.4+0.12 1.52+0.02
Urselina
LSD 5% 0.476 0.557 175 141 0.153

Siloss duglie Blue pB)l Loy )3 g 0 plosl blize 51 omd by (9yd (0ke dulio
Mean comparison was performed by slicing interaction and cultivars was separately compared in each environment.
oMo 138 1 MS €438 sl oyt ECStahur 48 3,Slae : WSY tadin 18 o yd : WSC canJJT: Ale
Alc: Alkalinity; WSC: white sugar content; WSY: white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Fig. 1- Heat map dendrogram of cluster analysis for sugar beet cultivars and quantitative and qualitative

AV

characteristics in Nahavand (a) and Asadabad (b)
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RY: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar
content; WSY: white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar



Q) Laidjaie ool el 5l (B 0 as g S Sluoguas bl (o)y1K0R 5 5590k

Dglkd )3 (ow s 23y90 Olino Blod il baigh (Sile dumliio g (Glaspe (uSile) (uil )y 41525 -0 Jgoa
Table 5- Variance analysis (mean of squares) and mean comparison clusters in terms of studied traits in Nahavand

5, Slos .
g Ses Mo 3 ,5os PRV KW . e kv
p - " o pely O AW . wd Juas! "
@l adyy a3 2 Na K N Alc e s w v
df RY SsC SY WsC i ECS Ms
WSY
o055 0t 2 103* 33.1* 11.85* 1.89ns 0.13ns  0.05ns  0.31ns 18.97* 24.32*  67.98* 0.32*
Inter groups
2035 092 3 5.61 1.67 1.22 0.299 0.12 0.05 0.20 1.93 1.88 6.23 0.03
Intra groups
' 09 - 106b  18.24a  19.29a 1.60a 3.98a 1.79a 3.13a 15.87a 16.79a 86.9a 1.77c
Cluster 1
¥ o5 - 112a 1593b  17.82a 2.40a 4.57a 1.78a 3.93a 13.09ab  14.64a 8l1.9ab  2.45b
Cluster 2
¥ o3y - 989c 14280 14.12b 3.77a 4.49a 2.06a 4.06a 10.96b 10.83b 76.7b 2.72a
Cluster 3
K"“A“ﬁL” - 106.6 15.77 16.83 2.72 4.44 1.88 3.84 12.84 13.73 81.05 2.33
ean
o> S g gy Jlein ] pdaw (3 )b Gxe g 5 ek Cuiay FF 5 NS

ns, * and **: non-significant, significant at the 1% and 5% probability level, respectively.
JUasxil oyt ECStaiun 138 5, Sloe : WSY tiiis 18 2o y> : WSC caJISIT 2 AlC ¢392 N £paly 2 K ¢oatin 1 NA €038 3 ,Sloe : SY 618 s> :SC ) 3,8des (RY
.u.u)'i.o x8:Ms s
RY: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar content; WSY:
white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar

STl 45 oyt 390 Cilio Bodjl Liadigd ufibo dalio g (laspo (1uSile) (il yly 41550 =T Joua
Table 6- Variance analysis (mean of squares) and mean comparison clusters in terms of studied traits in Asadabad

oy Sles s .

a4 .>,SJ.¢.9 EV-3%1 .:,&lo.c _ EVC]
e ’ . 2w P TS PR P VA | 4 RV X3 Lasciw!

I - Na K N Alc ; ; 5 oo
df  RY sC sy e e W8] Ms

WSC WSY ECS

2035 O 3 37ns 5.89* 7.85** 0.96* 0.30ns 0.71ns 2.24* 8.22* 10.1** 34.4ns 0.31ns
Inter groups

2035 19,2 2 7.88 0.193 0.071 0.011 0.682 0.084 0.109 0.205 0.043 5.05 0.111
Intra groups

\ess - 108a 18.29a 19.80a 1.78¢c 2.97a 2.07a 2.31b 16.17a 17.51a 88.4a 1.52a
Cluster 1
e - 99.7a 13.34b 13.26d 3.22a 3.00a 1.92a 3.24b 10.74c 10.67d 80.5a 2.00a
Cluster 2
Voo - 111a 13.70b 15.29¢ 3.57a 3.75a 2.62a 2.82b 10.66¢ 11.89c 77.8a 2.45a
Cluster 3
¥oss 110a 14.79b 16.40b 2.39b 2.97a 0.97a 5.55a 12.58b 13.95b 85.0a 1.61a
Cluster 4
ke
M - 108.9 14.59 15.88 3.02 3.36 2.14 3.26 11.91 12.96 81.2 2.08
ean

K

o> Sy g gy Jleisl daw 3 Jbgne g 3 dre st a9 T NS
ns, * and **: non-significant, significant at the 1% and 5% probability level, respectively.
Jlastiwl co s : ECStuan 18 5,Sles : WSY tibw 18 405 : WSC saJIT: Ale 05900 tN foumly + K oo s Na a8 5 Slae : SYiuid 00,5 :SC ey 5 Slos :RY
oMo 18- MS <08
RY:: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar content; WSY:
white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Table 7- Factor analysis based on principal component analysis (coefficients, Eigenvalue and variance) in Nahavand

environment
Y ailgo Y ailso
PC1 PC2
sy 3)Khee 0.273 -0.783
RY
W ey 0.203 0.940
sc
8 38 0.123 -0.982
sY
ok -0.994 0.008
Na
by -0.939 -0.256
K
05&"? -0.605 0.217
et -0.669 -0.474
Alc
e 5 Lo 0.967 0.177
WSC
s 43 3o 0.983 -0.058
WSY
A8 Jlaial oy 0.991 0.089
ECS
oo 18 -0.944 0.145
Ms
oo o pb 4.748 1.694
Eigenvalue
oy 70.44 2513
Variance (%)
e o)l 70.44 9557

Cumulative variance (%)

 ECStaiur 48 5 Sloe : WSY tais 138 s y> : WSC andISUT = AlC €550 555 IN £omnlty + K ¢opir s N2 €038 5 Slae 2 SY 448 5o 3 :SC tayy 3,Sles RY

RY: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar
content; WSY: white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Fig. 2- Scatter biplot diagram of sugar beet cultivars based on the first and second components in Nahavand (a) and
Asadabad (b)
 ECStaiur 438 5 Sloe : WSY tais 138 s y> : WSC andISUT = AlC €559 555 IN £omnlty + K ¢oaier s N2 038 5 Slae 1 SY 448 503 :SC tayy 3,Sles RY
RY': root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar
content; WSY': white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar



Q10 Luidjuiie ol eyl 5l (B 05 as g S Sluoguas bl (o)y1K0R 5 (5)9ake

SUTaw! b 53 (il ylg g dnadeiivo duly y jlafe ol pid) (ol (AR50 4 30 (wlwlp dole 4550 gl —A Jgas
Table 8- Factor analysis based on principal component analysis (coefficients, Eigenvalue and variance) in Asadabad
environment
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RY': root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar
content; WSY: white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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