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Article Info ABSTRACT

Article type: Background and Objectives: Sugar-beet cyst nematode (SBCN)
Full Length Research Paper  (Heterodera schachtii) is a major limiting factor in production of sugar
beet in Iran and other countries of the world. This research was conducted
with the aim of investigating the yield of foreign hybrids in areas infected
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Received: 03.09.2025 with cyst nematode, selecting hybrids resistant to this nematode and high
Revised: 05.06.2025 yielding, and ultimately introducing them for cultivation in infected areas
Accepted: 07.19.2025 of the country.

_ Materials and Methods: To evaluate the resistance of new sugar beet
Keywords: . . .
Cyst nematode, hybrlds of Syn_genta Company, one trial was conducted in nematode-
Hybrid, infested fields in Khorasan Razavi (Torogh), Fars (Zarghan) and West
Resistance, Azarbyejan (Khoy, Pekachik village) provinces. In this experiment,
Sugar beet 16 genotypes (13 hybrids and two susceptible genotypes belonging to

Syngenta Company and three resistant checks) were envaluated in
randomized complete block design with four replications. After harvesting,
the qualitative and quantitative characteristics of sugar beet roots were
measured and statistically analyzed. Bartlett's test was performed to test the
homogeneity of error variance of three experiments.

Results: Chi-square of sugar content, white sugar yield and root sodium
were insignificant and were used for combined variance analysis. In
combined variance analysis, the interaction effect of genotype at location
was significant for the mentioned traits. It was not possible to compare the
average of the main effects of location and genotype, but genotype
averages were compared within each region. The highest root yield in
Mashhad and Zarghan regions was attributed to hybrid F-20814 at 79.71
and 57.74 tons per hectare, respectively, and in Khoy region to hybrid
F-21119 at 68.52 tons per hectare. In addition, the highest sugar content in
Mashhad and Zarghan regions was attributed to hybrid F-21109 at 21.73
and 21.04 percent, respectively, and in Khoy region to hybrid F-21100 at
13.39 percent. The results of cluster analysis showed that hybrids F-21119,
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F-21109, F-20814, F-21108, F-21104, F-20747, F-21113, F-21101 and
F-20701 had the highest white sugar yield and were identified as the most
resistant hybrids and were placed in a cluster.

Conclusion: In general, it was determined that in all three regions of
Mashhad, Zarghan and Khoi, hybrid F-21119 was the best experimental
hybrid with white sugar yield of 10.63 tons per hectare, 6.54 tons per
hectare and 5.73 tons per hectare respectively and it has been well adapted
in three regions.
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Table 1. Results of variance analysis (mean squares) of yield and qualitative traits of different sugar beet
hybrids in Mashhad region.

St i o O30 . Sen e S Shs Skes Sl sy D b
Extraction o p2n K ) Na Sugar White sugar i) Degrees of Sources of
coefficient of sugar N content yield Root yield freedom variation
ns ns ns ns ns S}L
3.76 0.18 0.22 0.78 2.07 41.05** 1189.04** 3
Block
14.74*%* 0.078™  0.54**  2.49**  2.96** 21.98** 708.49** 15 N
Genotype
Ua
391 0.066 0.15 0.37 0.82 1.77 81.41 45
Error
o
2.33 2221 9.63 16.69 4.52 15.50 17.84 (h209) S 2

Coefficient of variation (%)

** Significant at 1% level, ™ not significant

s s 0 pie ™ o ys S Jlaz o 53 b pme D -

gt adlie )3 MBS Dlio 5 3 Shes 5l p gy p 3550 SNt SSls dlis Y J g
Table 2. Mean comparison of yield and qualitative traits of sugar beet in Mashhad region.

S dlamid (s RORE el e S Sl S
Extraction N K Na ’ L i 55 58
coefficient of cil#t]:r:t White sugar ~ Root yield Genotype  Rank
sugar (%) (Meq/1000) yield tha®)  (tha?)
86.75"¢ 1.14%8P 4015 2617 20.15°C°F 8.40°° 48.07°°F  F-20747 1
82.49°F 1.1578¢P 427%¢  465"%  19.815CPF 7.62°F 47.21°°F  F-21112 2
83.09°F 117780 385°PF  456"F  19.39°FF 7.36%F 4571°  F-21107 3
81.42F 1.14%8CP  3.95BCPE 4 767 18.20° 9.238¢P 62.21®  F-21108 4
84.395¢P 0.88° 3.74°PF 40178 19.44CPFF 6.14% 37.00° F-21114 5
87.64* 1.2178P  405B°PE o 5gF 21.73% 10.015¢ 52.57%°  F-21109 6
86.02°E¢ 1.08BCP 4.255%¢ 284  20.21°%F 8.42°° 48.14°°F  F-21110 7
84.585¢P 1.43* 4135 383D 045°BCP 13.78" 79.71"  F-20814 8
82.83"F 0.97°° 3.76°°F 465"  19.39°FF 7.56"F 48.29°°F  F-21103 9
86.54"5¢ 1.065°P 3525 352°°F  20.85%° 2.797 15297  F-21118 10
84.04°PF 111780 4.20BC0  408"BC 207178 9.918¢ 56.93°°  F-21100 11
84,2850 1.1478¢P 4.26%¢  3.68°PF  19.93BCPE 9.715¢ 57.645°  F-21113 12
87.08"8 110780 372°PE 2 97PFF 2079”8 10.63° 58.645¢  F-21119 13
87.04"8 1.168¢P 3.69°F 285  20.415¢°F 9.80°%¢ 55.07%°°  F-21104 14
82.81%F 1.3148¢ 448" 386" 19.13% 7.49°F 47.86°°F  F-21100 15
85.06"B<P 1.40%° 5.00" 2.855  20.93"8 8.68°° 48.71°°F  F-20701 16

L5 s e Ml oa b STls Oga3T il S 2ie G G Bl L (sl Sls 02 a3
Means with the same letters are not significantly different based on Duncan's test

e



Oy 02 9 (559,95 Glow [ on W30k L2 (S pud Cuoglilo (2 5]

ooty pen 4 by e 5w sl sl e
WA LYY osled s 5 Aoy YV/eE LT
e A S Shee Sdo gl s e
g 3 Sl Ol nll glad,
b3l IS Sle il sy dos S bl
5 0/0Y Jslas 55 NLE.» sbaals Jﬁ;tf B
Rr e aS 3y J sl g SIS js 3 UYY
VoL L5 4 b S5 Shee e 0 505 5
AN 3 aled s 4 b e UISKa s o
Slie e 4 lad Lsea 4 by K s
ol 5 sl Ll 5l el g e
Bisis 5 el il nKle Log Sla, s
2 VY 5 8780 XIYA Dsles 5 w4 bl
o bess 55 w8 Jlasaul Sk, s cpene
Ly s 3l 5 ad SHl3 gud e clixl 5 olio
Jlamal Qlokly b Ko 5l s g Sl 55 2 (2 hae
> Glsme Bl 3T slad s o A3
Olkily Sl i sdalive dw s SO (g bl =
PAES 5 ey AYAT Dol B Jlasel
AVYO Slekly bV ojled bjmn o ciolesl & s
RETREWRE
5ol s ol 88 sl (04) Ul
o35 b Bl @ pslie sl b 5l &S ol 3O
(MS231 5 MS261) lsls wis i slanedl
WS 5l P e AR sdalonsa
Ll 4 031 ae 50 3 F-20747 5 WL L sl
WA Sl 03 53l S8 pbssl 355 dede 5o
5 S D)o polie 035 0 i Sl s osles
el O wlsl S o J B ok bt Y

..)))I C.A.w.}i.t

Vvo

om ool 0B bl 5 t0B,) bl -
3 8es sy 5 Shes Dlio o st 5o e 55
Gl 5 epae OisS el e cdode A3
ck.w BERSIFRgRE ol el s Jlaszul
ol kel sdalie duys O Jles
o e O35 Slinal 4 Slio 4 i 51 iS5l
Odd Sls pae s 3sms (Gob e CslE
obal K ghuS sl &S das e Ol Sk
SFLl S suSsh Sl 4 il e o
Jolo s Sl eng o L1 alS sl e
{6 Jsd) 5ols il s 3550 oy S5
GlS B sl Ol 06,5 o) Jlesl ml
Slad e Sl oldad il AS 5 WS Slio
5 polie sladals (o SSle bl 3 &S5
el G bl Odetl e g 0y S S
oSole 4 Comd pllae 5 d (550 Sl ey a
Sl (& dsdr) Lo sloy 5 5 50 polie sladals
St bl slady s e akyy 5 Shes o
el gy Aoy S bl Tl 53 Sold e
Slr polis gloals Sl 5 SRl IS Sl
EVFY 5 YOVY Dolee 5 4 4y 5 Shas ko
3 RAGe S o M s pl oy e s S
Sl wr e 3wl s Sles s p S0S
by S s S YA L LSS w u.j..iLaﬂ
by ISKa s 5 TYE )Y ol s
gn A ole Chde Gl e 4 s s
Cla‘” 0> Gol3 sme D J.L"Laﬂ slad oa
Slesl IS oSl il sy Aoy G sl
L3l Cdo gly pslie gladals (Sl
b s Ao s YAVY 5 s ) YWAY Jslas 5w

wﬁ)\md;g;d;&ﬁm)pm,w



\EXZ %4 D)lo.vs ¥y 2,93 cuhlg‘f ..\.3)93 dl.buubgf Q)w

OB,5 adlaie 55 w5 90 LB ke glady s A4S Olie g 3 Shes (Ol mﬁ»\:ﬁ) ololy 45 @LS—Y' Jod=

Table 3. Results of variance analysis (mean squares) of yield and qualitative traits of different sugar beet
hybrids in Zarghan region.

e ot o RWERH 5 Shas s Shes 3 )
38 5 © - RE RS Qlﬁ:’dctx
5 Jlasea! i) g ) 2 5 iy
A o s : PIJ\I - e S e Degrees of Sources of
Extraction N a Sugar White Root freedom variation
coefficient of sugar content  sugar yield yield
ns Sle
35.19* 0.006 3.32**  516** 4.35* 6.15** 384.51** 3
Block
22.70% 0.058** 1.75%%  3.77**  2.76* 6.36**  320.94** 15 e
Genotype
Uas
9.50 0.014 0.65 0.68 1.30 0.59 16.90 45
Error
13) Ol ers 2
3.73 9.04 1621 2512  6.05 13.89 11.49 (h23) St 2

Coefficient of variation (%)

s s S pie ™ s T S Jla o 53 s e OVl 55 e

I, ns

** Significant at 1% level, * Significant at 5% level, ™ not significant
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Table 4. Mean comparison of yield and qualitative traits of sugar beet in Zarghan region.

‘ 6 w20 0580 Ly Y
P r‘*":)ﬁff ('-; d v"\l s < S <
. a A3 Ao )
S Jlasal ) . . . 5 435 8
SV 309 S.w Aoy )
Extraction Sugar Root yield Genotype  Rank

ici White sugar
coefficient of (Meq/100g) content _ g i
sugar (%) yield (tha™)  (tha™)

84.03"8¢ 1.305¢PE 5.09°EC 2.38F 18.718°P 5.20PEF¢ 33.21%¢ F - 20747 1
78.41F 1.47"8 5.914 3.9478C 1785 5.975CPE 43.10%¢ F-21112 2
81.95"8C0E 1.32BC0E 5.02°8¢ 3728 18905 4.955F¢ 32.02F F - 21107 3
84.98" 1.25P¢ 4.25° 2.91°PE  18.94B¢P 6.505¢ 40.485¢ F-21108 4
79.68°PF 1.20% 5.24"8¢ 484" 19.035¢P 3.31" 22.02° F-21114 5
86.15" 1.4278¢P 4.91°8¢ 2.31F 21.04% 5.71BCPEF 31.79° F - 21109 6
83.9118C 1.335¢PE 5.06"E¢ 2.28% 18.25° 4.74%¢ 31.19F F - 21110 7
80.535¢€PF 1.4278¢P 5.30°%¢  3.65°5CP 18.06°P 8.35" 57.74% F - 20814 8
80.565CPF 1.27°PF 486"%C 447" 18555 4.46° 30.24F F-21103 9
83.2378C0 1.02° 3.07° 4.84% 18.645°P 3.25" 20.95F F-21118 10
79.18%P 1.29¢PF 557°%  3.80°8¢ 17.49°P 6.165¢ 44.29° F-21101 11
82.5978C0E 1.54% 5.23"¢  295°°E 18615 5.84BCPE 37.98°P F-21113 12
82.76/BC0E 1.315¢PE 4.42°  3.69"P  18.855¢P 6.54° 42.025¢ F-21119 13
84.80°8 1.28°PF 4.67%¢ 2.52PF 19.085¢P 6.475¢ 39.64°5¢ F-21104 14
85.30" 1.365°PE 4.99"8C 2.33F 19.93%8 5.575CPEF 32.74"F F - 21100 15
84.58"8 1.43"E¢ 5.68"8 1.81F 19.39%¢ 5.42CPEFG 32.98"¢ F - 20701 16

L5 s e Ml oa b STl O ga3T il S 2 G S Bl b (sl nSls 052 a3
Means with the same letters are not significantly different based on Duncan's test
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Table 5. Results of variance analysis (mean squares) of yield and qualitative traits of different sugar beet
hybrids in Khoy region.

St 0%y i 5 Shos 5 Sles } -
SEPN . L e @blamns s sl
A ] o 20 r”; Na Sugar e ’g“ e Degrees of Sources of
Extraction N content ~ White Root freedom variation
coefficient of sugar sugar yield yield
ns ns J}L
44.02 0.66**  3.99** 199 8.75** 11.21** 521.96** 3
Block
50.18"™ 0.096™  0.58"  1.22™ 2.99"™ 3.27** 405.19** 15 N
Genotype
Lot
32.72 0.13 0.50 0.95 1.93 1.003 55.98 45
Error
o
7.72 29.22 20.74 22.90 11.54 2251 15.11 Rl

Coefficient of variation (%)

s s ol pie ™ s ys S Jlaz o 53 5l e D =

I, ns

** Significant at 1% level, ™ not significant
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Table 6. Mean comparison of yield and gqualitative traits of sugar beet in Khoy region.

Ol

- ) SL,& > ,.i]w&
S el o 5 e e et L3 Aoy — %
. ) 5
Extraction coefficient N K Na Sugar W o M’ Genotvoe  Rank
of sugar (%) content ~ White sugar  Root yield typ
(Meg/100g) yield (t.ha™) (t.ha™)

78.69°8 119"  3.4178CP 3.26° 13.20% 6.23" 60.03* F-20747 1
79.54% 1.03% 2.98°¢ 3.20¢ 12.29% 3.90°PF 39.67°°  F-21112 2
74.28"8 12178 3.33MBCP  4327BC 17 86" 3.96°PF 44.12°°  F-21107 3
77.41°8 128" 325" 406°%C  13.01° 4.555CP 44.98°°  F-21108 4
71.095¢ 1.23"8  3.25RBCD 5.24" 11.66" 3.45"F 41.17°°  F-21114 5
73.67"8 1.20"8  3528BCC 41878 12.25° 5.73"8 61.03" F - 21109 6
64.66° 1.59% 349”50 490”8 9.53° 4.17°°¢ 66.30"  F-21110 7
71.68"8¢ 1.16"% 390" 4.34"%¢  1166" 4.13°°¢ 49.16%¢  F-20814 8
74.25"8 1.07® 2.58° 472" 1153° 3.11F 36.01° F-21103 9
76.50"8 130" 344780 374BC 12 08” 3.93¢PF 41.91°°  F-21118 10
71.94B¢ 127" 352D 45gRBC 17 g5° 3.96°PF 47.40° F-21101 11
73.16"8 1.50"8 3.99"8 4.19"%¢  12.16% 4.25°PF 46.74° F-21113 12
74.25"8 1.048 3.175¢P 470" 12014 6.07% 68.52" F-21119 13
73.72"8 1.20"8  3.397B°C  452%8¢  12.06" 4.19°PF 4555 F-21104 14
77.36"8 1.23%8  336"8P  43178C 13397 4.28°PF 41.33°®  F-21100 15
73.65"8 1.43"8 4.18" 3.87°5¢  12.09" 5.24"8¢ 58.58"®  F-20701 16

Ll e B o by S0l g3l el S 2 G G Bl L sla S0k D5 a3
Means with the same letters are not significantly different based on Duncan's test
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Table 7. Uniformity of variance test of quantitative and qualitative traits of sugar beet in three test regions
(Bartlett test).

S8 Jlamal g 5

opln 05958 el pERW L3 e L i Shas adyy s Shes
Extraction . . .
coefficient of sugar N K Na Sugar content White sugar yield Root yield
15.96** 15.40** 7.35% 312%™ 4.44" 2.61™ 8.28* (,2)

s gme Nt pde ™ s ys iy 5 G el a3 Sl e S G w

** Significant at 1% level, * Significant at 5% level, ™ not significant
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Table 8. Results of combined variance analysis (mean squares) of sugar content, white sugar yield and Na of
different sugar beet hybrids in three regions.

st oAl s s Shas A3 Aoy o131 am s S yess b
Na White sugar yield Sugar content Degrees of freedom Sources of variation
e
15.70** 235.99** 1197.66** 2 ° ]
Location
O =
2.64%* 23.30%* 5.06%* 9 S
Replication/Location
4.04%* 23.56™* 3.46%* 15 S
Genotype
1.72%* 6.44%* 2.62%* 30 Al
LocationxGenotype
o
0.67 1.40 1.35 135 Fo
Error

Ao s S e a3 s pms M =
** Significant at 1% level

Al b 53 ks Gl B 5 Shas A )5 gl AB SN gy 2580 S et Sbe Amlie —4 Jgde
Table 9. Mean comparison of sugar content, white sugar yield and Na of sugar beet in three regions.

et L3 e i i3 Sles WS s
Na (Meg/100g) Sugar content (%) White sugar yield (t.ha™) Genotype Rank

2.75° 17.35% 7.38%8 F - 20747 1
3.93%® 16.65" 6.40"8 F-21112 2
4.20"8 16.72% 5.97"8 F—21107
3.91%8 16.72% 7.42°8 F—21108

470" 16.71% 4.76"8 F-21114 5
3.02%8 18.34% 7.917® F - 21109 6
3.34"8 16.00% 6.36"8 F-21110 7
3.94"8 16.73% 9.48" F - 20814 8
4.62% 16.49% 5518 F-21103 9
4.03%8 17.25% 3.778 F-21118 10
4,228 16.68" 7.29"8 F-21101 1
3.61°8 16.90% 7.23°8 F-21113 12
3.78"8 17.22% 8.56"8 F-21119 13
3.30"8 17.18% 7.45%8 F - 21104 14
3.50"® 17.48" 6.37"8 F - 21100 15
2.84° 17.47% 7.14%8 F - 20701 16

L5 s e M oa b STls 0 ga3T il S 2ie G S Bl b (sla nSls 02 a3
Means with the same letters are not significantly different based on Duncan's test
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Fig. 1. Cluster analysis for evaluated sugar beet genotypes using Ward’s method.
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