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Introduction

In many countries of the world, sugar production is one of the essential aspects of their agricultural economy,
and in the meantime, the sugar beet plant, which is cultivated exclusively as a source of sucrose, plays an
important role. In recent years, many studies have been conducted in Iran on various aspects of crop, breed,
quality and other agricultural characteristics of autumn sugar beet. The results of this research confirm that sugar
beet can be introduced as an important and effective autumn crop in the susceptible periodic system. One of the
important factors in sugar beet root production is the sowing date, which affects the duration of the vegetative
and reproductive growth period and the balance between them, and ultimately affects its quantitative and
qualitative yield, so one of the general policies of the agricultural sector is to increase the production of this
product. Several factors affect the formation of sugar beet yield. One of them is the bolting phenomenon. Flower
formation is a phenomenon that in the sugar beet plant, it is known as bolting. In bolting root yield and root
quality of flowering plants are reduced. The cultivars differ in bolting response. The genotype is important factor
in Occurrence of the bolting phenomenon. Also, bolting rate between sowing dates is different.

Materials and Methods

The aim of the present study was to investigate the quality and strength changes in the sugar beet in order to
assess effect of different sowing dates and cultivars on sugar and root yield. To investigate the effect of planting
date on yield, a field trial was conducted during 2021-2022 in Gonbad Kavous. The experiment followed a split-
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plot arrangement with three cultivars and three replications- Iran. The experimental treatments were sowing
dates and cultivars. Sowing date was the main factor and varied as follows: 4 October (D1), 18 October (D2), 3
November (D3), 19 November (D4), and 1 December (D5) and cultivars: Monatunno (C1), Rosagold (C2), 061
(C3) as sub-plot was considered. The origin of cultivars Monatunno, Rosagold and SBSI 061 is Kuhn & Co,
Hilleshog and SBSI, respectively, also all cultivars are monogerm and bolting resistance with high yield
potential. In analysis of traits first, the data were tested for normal distribution and variance homogeneity. A
variance uniformity test was performed using the Bartlett's test (Arsham and Lovric, 2011). Statistical analysis
was carried out with Statistical Analysis Software (SAS Institute Inc., Version 9.4). The means were compared
with least significant difference test at the 5% level. Correlation test and Biplot analysis performed with
XLSTAT. Ver. 2016.

Results and Discussion

The results of the research showed that the yield was affected by the planting date and variety. Monatono and
Rosagold cultivars had the highest sugar yield on the first and second planting dates, because timely cultivation
by absorbing maximum solar radiation leads to an increase in yield.

Conclusion

Comparison of the experimental treatment averages revealed that all cultivars achieved the highest sugar
yield on the first and second planting dates. Timely planting optimizes the vegetative and reproductive growth
periods, allowing maximum sunlight absorption, which in turn enhances root and sugar yield. Based on the
findings and the analysis of quality trait changes, it is recommended that beet growers in Golestan Province
cultivate the Rosagold and Monatuno cultivars during the first two planting dates to achieve maximum sugar
yield per unit area.
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Table 2- Physical and chemical properties of the soil of the test site in Gonbad kavous agricultural research (depth 0-30 cm)

SB cdl rv*;‘“ :-5;'" g ‘f\lmw uS»xSEJ(':wm Syl Oun o ,sc <l
. rganic .
Soil texture (ppm) (ppm) (%) (dS m) pH (%) Lime (%)
A 895 114 9.52 12 7.7 1 18-19
Sylt-loam

Y Capt o o b & bglso JE5! ey 13 bglsko s
Russell, ) s yion My (o954 (SC) a8 do ) id S Jool>
Alexander John, Rush George, & Hawkes George,
Oorad oS (65050 ey S ol 5 ealizul L (1971
sl5iwd bawgs T(Na) modws ljme 4 T(SY) LB 48 5, Sles
A g pSoilul slas YL

T oy ol hgyes H(0-BMINO-N) 020 (3525 (picmen
s ;5 (g4 Y(K) pawlsy o (Dutton & Bowler, 1984)
(Waling, Vark, Houba, & Vanderlee, 1989) ( ¢ 053 uld)
AMS) oo 133 (50 dulne s dlols gl 4 (¢ uSojlu]
Reinefeld, Emmerich, Baumgarten, Winner, & Beiss, )
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1- Sugar content

2- Polarimetry

3- Sugar yield

4- Sodium

5- a-amino-nitrogen
6- Flame photometry
7- Potassium

8- Molasses sugar

9- White sugar content
10- Extraction coefficient of sugar
11- Alcalinity
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Table 3- Meteorological data table of Kavous dome meteorological station between 1400-1402

N S olelw SN,L ol
Month Sunny hours (mm) Rainfall (h)
Long time (1984- 2019) 2021 2022 Long time (1984- 2019) 2021 2022
He 162.3 223 226.7 50.8 55.5 51.8
September
o 19538 161.9 162.5 430 373 1362
October
»l 253.4 117.3 159.6 19.4 48.8 10.2
November
<2 232.7 136.4 156.1 24.2 126.3 9.7
December
ok 250.9 147.6 196.5 19.0 127.3 84.4
January
— 2256 175.9 136 31.0 121.4 59.3
February
98 205.2 133.4 119.1 56.5 74.7 64
March
i 167.1 239.9 190.3 61.1 51.2 471
April
05 136.4 296.7 308.6 53.4 0.6 2.4
May
» 1407 1965 301.1 457 39.6 286
June
A0 138.7 225.6 232.1 59.1 7.8 8.2
July
AN 133.7 2227 285.1 58.1 24.5 19.5
August
ES?J:’ 22425 2276.9 2273.7 521.4 715 521
oSl 186.9 189.7 206.1 80.20 110 80.18
Average
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Table 3 continues- Weather table of the region

ole by p2Slas (Sl bod J8las Sl
Average of maximum temperature (°C) Average of minimum temperature (°C)
Month
Long time (1984- 2019) 2021 2022 Long time (1984- 2019) 2021 2022
Ao 19.7 27.9 28.7 8.9 15.8 15.4
September
ot! 251 214 206 138 10 109
October
»! 311 16.3 15.9 18.9 5.4 7.2
November
<> 32.6 145 155 22.8 4.2 3.6
December
ook 335 145 15.9 237 3.1 4.2
January
- 315 17.4 16.8 213 6.1 5.6
February
02229% 27.0 19.4 176 15.6 85 10
March
eited) 20.9 26.8 25.6 10.4 135 138
April
0% 15.2 32 33.7 55 19.4 20.5
May
” 13.0 33.2 34.2 3.4 22.6 24
June
I9RE 15.0 30.9 324 5.3 19.8 20.5
August
Egome
Sum
0l 23.1 23.9 24.1 12.7 12.6 13.2
Average
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Table 4- Variance analysis table (ANOVA) of yield and quality traits of sugar beet cultivars in five sowing date treatments
during 2020-2022

Mean of squares

S @il 4, Olagpo el
S0V df sY SC_ WsY _ WsC ESC
)I)S; . 3 ns *% ns *k *k
Replication
csls é)U 4 ** *% ** *k *k
Sowing date (S)
ks 12 195.45 3.66 4.36 2.94 9.06 81.1
Error
r°§) *% *% *% *k *k
2021 . 2
0 Cultivar (C)
r°§) 2 culs &)U J‘LQ:‘ )'Sl 8 ** *k ** *k *k
CxS
(k> 162 149.50 4.19 0.81 2.78 1.16 8.72
Error
e - 16.60 13.71 5.25 16.38 7.85 3.71
Cv (%)
)l)sJ 3 *%* *% *%x *% *%
Replication
culs @)U 4 *%* *% *%* *k *k
Sowing date
(k> 12 320.31 6.96 2.17 4.75 6.01 134.92
Error
2022 rvé) 2 *% *x Kk *% *%
Cultivar
Wé) 2 culs éi)ls J“““" )" 8 ** *k *%* *k *k
CxS
(ks 162 237.01 4.31 1.57 2.22 2.68 33.01
Error
Syt oy - 187 5.2 187 75 35
Cv (%)

2oy S g iy Jleis! zolaw p3 )y gxe GBS g 4o dme BMB] 334 pis (S Sy i g % NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability, respectively.
S Jlastiwl co g ESC Jlasl B S8 WSC b 18 5 Sloe WSY i 10,5 :SC ¢ (aBL 18 5 Slae SY iy 5,Sles (RY
RY: root yield, SY: sugar yield, SC: sugar content, WSY: white sugar yield, WSC: white sugar content, ESC: extraction coefficient
of sugar.
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Table 5- Variance analysis table (ANOVA) of yield and quality traits of sugar beet cultivars in five sowing date treatments
during 2020-2022

Mean of squares

5] puaS A 50 as . =
Sl g 42 Slee Sl
e Na K N ALC MS
)I)SS 3 *% *% *% * *%
Replication
csls @)U 4 *% *% ** *% *%
Sowing date (S)
1229
12 4.21 161 3.56 0.89 1.07
Error
2021 Wé) 2 *% *% ns *% *%
Cultivar (C)
#8) 0 s gl Jilise gl ) *k *x ns *x ns
CxS
ks
162 24.29 0.39 0.22 0.16 0.14
Error
oot - 0.39 11.02 14.44 15.43 13.55
Cv (%)
)‘)55 3 ** ** ** *% *%
Replication
cils @)U 4 *x *x ** *% *%
Sowing date
ks
12 6.35 2.00 4.04 3.80 2.18
Error
2022 rvs) 2 *k *k *% *%k *%k
Cultivar
wé) 2 sl (':5’»215 J’L":“ )" 8 *%* *%* ** ns *%
CxS
ks
162 1.28 0.41 0.61 0.59 0.38
Error
Syt - 155 8.2 15.8 15.8 9.4
Cv (%)

o> S g iy Jleis! zolaw p3 s gxe B g o me BMB] 3934 pis Sy 13 5 % NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability, respectively.
oMo 18 MS Sl o b :ALC 0 pze (459550 10N punly K osius :Na
Na: sodium, K: potassium, a-N: a-amino-nitrogen, Alc: alcalinity, MS: molasses sugar
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Figure 1- Comparison of the average interaction effect of planting date of sugar beet in cultivar on root yield (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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Figure 2- Comparison of the average interaction effect of planting date of sugar beet in cultivar on sugar yield (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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Figure 3- Comparison of the average interaction effect of planting date of sugar beet in cultivar on sugar content (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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Figure 4- Comparison of the average interaction effect of planting date of sugar beet in cultivar on white sugar yield
(LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)

55 68 5 S s Bite ) e o Gl b (o)l (osls) il s 1,505 Jlias] g b

Jol Jlw 3 .(F Jgaz) (P <0.01) s s size Jhastiw! oy Doy S ygaods Jodote ol dlge JS 4 4 s canl )le
9 P9 S ZS 2 55 Jlariul oy e (gl oy 3 48 gl e 3 Wb CoaS \Silo o p ol 09992 YL
il o) s o a8 oalie ooy Bl )6 53 ol oS EobS S plly il 3)00 Jlo 93 0 (b 35 salss

(A Jgaz) cudlis sg2g (513 gime gl S0 AMS 103 S e > S5 Jlastial o 1 08 9 CdlS



V€Y limo € o )lowd FY ala ¢yl (€155 (lomisdg iy g puii \AR

V€ e 1LY ely5 Jl yd sadiaalllas Olho o CudlS G ,U 51 (Sl dn e -1 Jous
Table 6- Mean comparison the effect of sowing date on the studied traits during 2021-2022

S.0.V RY Sy WSY SC WSC ESC
2oV 93.02a* 15.8a 12.82a 16.90ab 13.64ab 80.07ab
4 October
Ae V0 88.6a 15.7a 13.00a 17.79a 1471a 82.40a
18 October
2021 ot 73.1b 12.6b 10.12b 17.24ab 13.72ab 79.19ab
3 November
Y
o4l e 58.1¢ 10.0¢c 7.90c 17.30ab 13.74ab 78.82ab
19 November
Ao 55.1¢ 9.11c 7.07¢ 16.60b 12.85b 76.59h
1December
LSD 7.17 0.98 0.88 1.07 1.54 462
S0V RY Sy WSY SC WSC ESC
Re 70.60a 10.02a 7.26a 14.22ab 10.25b 71.50b
4 October
RV 60.29b 8.94a 6.82a 14.83a 11.36a 76.34a
18 October
2022 Ui
' 46.92c 7.00b 5.34b 15.07a 11.59 76.33a
3 November
SO
bl ve 42.73¢ 6.46b 5.04b 15.17ab 11.81a 77.62ab
19 November
3
2o 42.87¢c 6.42b 4.95b 15.29b 11.90ab 77.30ab
1December

REAY d)b@u s ‘..\.Z.Dlg@ LS)....M.A Gy S il OFws y 4> o @Lmu..i:\.m *
* Means in each column fallowed by similar letters are not significantly different.
35 Jhasinl oy i (ESC «Jlastiol b 1S5 WSC e 138 5,Shoe WSY i 13 :SC (alil 133 5,Slos :SY cay 3 ,Slas RY
RY: root yield, SY: sugar yield, SC: sugar content, WSY: white sugar yield, WSC: white sugar content, ESC: extraction coefficient of sugar
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Table 7- Mean comparison of effect of cultivars on the studied traits during 2021-2022

2021 SOV RY sy WSY sC WSC ESC
S5l se 77.93a* 13.02b 10.45b 16.69b 13.350 79.580
Monatunno
RS 80.54a 14.50a 12.01a 18.00a 14.86a 82.29
Rosagold
Y 62.38b 10.47¢ 8.09¢ 16.81b 12.99b 76.37¢
SBSI 061
LSD 5.16 0.87 0.74 0.38 0.54 1.83
2022 Mgﬁ;ﬁﬁno 54.17a 7.59b 5.61b 14.15¢ 10.54¢ 74.10b
K, 56.96a 8.76a 6.95a 15.06a 12.42a 79.56a
Rosagold
Y 46.91b 6.96b 5.09b 16.81b 11.19b 73.80b
SBSI 061
LSD 5.74 0.77 0.55 0.46 0.61 2.14
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* Means with the same letter are not significantly different
S Jlastiwl co g ESC Jlasl B S5 WSC b 18 5 Sloe WSY i 10,5 :SC ¢ (aBL 18 5 Slae SY ity 5,Sles (RY
RY': root yield, SY: sugar yield, SC: sugar content, WSY: white sugar yield, WSC: white sugar content, ESC: extraction coefficient
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Figure 5- Comparison of the average interaction effect of planting date of sugar beet in cultivar on Extraction
Coefficient of Sugar (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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Figure 6- Comparison of the average interaction effect of planting date of sugar beet in cultivar on Bolting (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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Table 8- Mean comparison the effect of sowing date on the studied traits during 2021-2022

S.0.V Na K N ALC MS
e Ve 2.61ab 5.35¢c 2.57¢c 3.15a 2.66a
4 October
e YO 1.81b 5.57ab 2.71bc 2.75ab 2.47b
18 October
2021 RERE 2.53ab 5.92ab 3.55ab 2.43b 2.92ab
3 Noyember
ol Yo 2.72ab 5.82ab 3.66ab 2.39b 2.96ab
19 November
N 3.19a 5.77a 3.98a 2.42b 3.14c
1December
LSD 1.05 0.65 0.96 0.48 0.53
S.0.V Na K N ALC MS
e Ve 4.16a 5.89a 2.37a 4.48a 3.36a
4 October
20 VO 2.93ab 5.76a 2.07a 4.47a 2.87a
18 October
2022 oL 2.96ab 5.64a 2.52a 3.85a 2.88a
3 November
ol Yo 2.72b 5.57a 2.33a 3.91a 2.75a
19 November
o 2.85b 5.47a 2.58a 3.50a 2.79a
1December

30 (g ire olds Sy By by doyd gy gedaw p3 LSD 39, bl b1 Sile
Means with the same letter are not significantly different
oMo 18 :MS (e ilB o 5 AALC 020 59555 10-N uunly (K (0 :Na
Na: sodium, K: potassium, a-N: a-amino-nitrogen, Alc: alcalinity, MS: molasses sugar
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Table 9- Mean comparison of effect of cultivars on the studied traits during 2021-2022

2021 S.0.vV Na K N ALC MS
sigilige 2.44b* 5.55b 3.25a 2.56b 2.74b
Monatunno
515, 1.97¢c 5.44h 3.24a 2.38b 2.54b
Rosagold
£ 3.30a 6.06a 3.40a 2.94a 3.22a
SBSI 061
LSD 0.42 0.23 0.25 0.22 0.20
2022 $glge
3.21a 5.77b 2.41ab 4.07ab 3.00b
Monatunno
15, 2.58b 5.10c 2.16b 3.85b 2.52¢
Rosagold
B3 3.58a 6.14a 2.55a 4.21a 3.26a
SBSI 061
LSD 0.42 0.23 0.29 0.28 0.23

S gy me glds sy By b doyd gy gdaw 13 LSD 39, (bl b, Slio 3¢
* Means with the same letter are not significantly different
oMo 18 :MS Sl o b :ALC 0 pie 459555 10N punly K ouiws :Na
Na: sodium, K: potassium, a-N: a-amino-nitrogen, Alc: alcalinity, MS: molasses sugar
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Figure 7- Comparison of the average interaction effect of planting date of sugar beet in cultivar on alcalinity (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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