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Figure 1- Average monthly temperature and total monthly precipitation in Shirvan and Mashhad in 2017
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Table 1- Physical and chemical characteristics of soil in experiment sites in Shirvan and Mashhad in 2017
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Mashhad  Silty loam
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Table 2- Some of chemical characteristics of used nutrient solution for feeding the seedlings in greenhouse

paigel <l ©liand ool o 2 3 o ]
Ammonium-N  Nitrate-N  Phosphate  Potassium Calcium Magnesium  Forum l;':'
ppm
20 320 90 350 300 30 90 5.8
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Table 3- Combined analysis of variance (mean of squares) for root yield and leaf weight in sugar beet affected by cultivar,
planting date and planting method in Shirvan and Mashhad in 2017
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S.0.V. df Root yield Leaf weight
Location dilaie 1 1206.31" 10.69"™
Rep. (Location) aibaie )3 Sl 4 121.13 29
Cultivar (C) o5 1 443.78™ 15.39"
Planting date (D) cusls g 1 565.74™ 31.14"
Planting method (M)~ cusls s, 1 2086.79" 32417
C*D 1 90.2"™ 18.97™
C*M 1 15.55™ 6.66"™
D*M 1 829.17" 7.08"™
C*D*M 1 137.33™ 16.43™
C*Location 1 39.64™ 3.09™
D* Location 1 5.63"™ 2.37™
M* Location 1 83.74™ 0.09™
C*D* Location 1 0.342"™ 1.39™
C*M* Location 1 60.14"™ 5.94™
D*M* Location 1 9.57™ 3.39™
C*D*M* Location 1 23.49™ 3.46™
Error las 28 42.69 6.41
C.V. (%) s gy - 10.3 20.2

P re pf 5 do)d S o gy Jlain e )3 (60 xS0l ol iay NS g e i
* **and ns, indicated significant at 5%, 1% levels of probability and no significant, respectively
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Table 4- Mean comparison results for main effects of location, cultivar, planting date and planting method on root yield and
leaf weight in sugar beet in experiment
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Experiment factors (tonneg/ ha') (tonnes h%-l)
Location  ailie
Shirvan g5 68.172 a 12.071a
Mashhad g 58.146 b 13.015a
Cultivar .3,
Anaconda 1Sl 66.199 a 13.109 a
Dorotea 5,5 60.118 b 11977 a
Planting date <.l &,
S5May  cuigus) el 66.592 a 13.348a
5June b easil 59.726 b 11.737b
Planting method = culs™ 4,
Transplanting L& cuss 69.752 a 13.365 a
Direct SOWING  pbie oS 56.565 b 11.721 b
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Means with the same letters for each column and each factor haven’t significant difference at 5% probability level according to
student t-test.
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Figure 2- Interaction between planting method and planting date on root yield in sugar beet
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Means with the same letters haven’t significant difference at 5% probability level according to Tukey’s test.
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Table 5- Combined analysis of variance (mean of squares) of impure sugar, root impurities, alkalinity and molasses content
in sugar beet affected by cultivar, planting date and planting method in Shirvan and Mashhad in 2017

aiyy GBI
Root impurities

vl 2% as ay KVE RIS 3 . . . A tE Mo 23
e 2 SR Ol Ol e Coldl S
S0V <> mpure m : Alkalinity olasses

df sugar i i b pae content

Na* K* a-amino
content content N

Location ailaie 1 15.41" 2.66™ 3.39" 2.01"™ 0.067™ 0.572"
Rep. (Location)  aikate ;> S'sh 4 31.85 0.442 0.393 0.3 0.124 0.076
Cultivar (C) 43, 1 1.92™ 0.307™ 0.548™ 0.392"™ 0.035"™ 0.093"
Planting date (D) ~ c.sls &b 1 31.04™ 5.28™ 6.09™ 1.09™ 0.398"™ 0.677"
Planting method (M) cusls’ s, 1 116" 0.211"™ 0.223™ 0.046™ 0.04"™ 0.026™
C*D 1 0.213™ 0.034™ 0.078™ 0.047™ 0.417™ 0.0001"™
C*M 1 0.0008™ 0.066"™ 0.058™ 0.33™ 0.355"™ 0.039"™
D*M 1 1.33™ 0.01"™ 0.014"™ 0.097™ 0.192" 0.002"
C*D*M 1 0.041"™ 0.126™ 0.04™ 0.039™ 0.0002"™ 0.013"™
C*Location 1 0.007™ 0.037™ 0.002"™ 0.007™ 0.095"™ 0.0001"™
D* Location 1 0.163™ 0.001"™ 0.003™ 0.043™ 0.143"™ 0.002"
M* Location 1 0.187™ 0.013™ 0.065™ 0.083™ 0.282" 0.0006"™
C*D* Location 1 0.067™ 0.011" 0.099"™ 0.126™ 0.039"™ 0.018"™
C*M* Location 1 0.333"™ 0.024"™ 0.004"™ 0.015™ 0.004"™ 0.0003"™
D*M* Location 1 0.001"™ 0.059" 0.002" 0.022" 0.005"™ 0.005"™
C*D*M* Location 1 0.013"™ 0.418"™ 0.798" 0.399"™ 0.004"™ 0.113"
Error s 28 0.51 0.13 0.188 0.11 0.185 0.021
C.V. (%) K [ JUN - 4.9 12.7 11.5 14.9 14.4 8.0

P gme puE 5 do)d S oy gy Jlein] e (3 (650 Gxe ke iy NS o

* **and ns, indicated significant at 5%, 1% levels of probability and no significant, respectively
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Table 6- Mean comparison results for main effects of location, cultivar, planting date and planting method on impure sugar,
root impurities, alkalinity and molasses content in sugar beet in experiment

ady; G 5L

) . RECRAIPS Roofc impurities LB oMo i3
Dbl sl g3 Impure (meg in 100 g root) = Molasses
Experiment Factors sugar  padw oljee Ol 0395 All((%}:);'ty content

(%) Na’ iy 8 o (%)
content K* content  a-amino N

Location ailaie
Shirvan Jews  15.03a 26b 3.48b 2.03b 3.03a 1.7b
Mashhad Ao 139b 3.08a 4.02a 243 a 295a 191a
Cultivar o)
Anaconda 1Sl 14.67 a 2.76 a 3.64a 214 a 3.02a 1.76 b
Dorotea &9 14.27 a 292a 3.86a 2.32a 296 a 185a
Planting date cusls g )b
> May Culgnd) ee3pl,  15.27 @ 251b 3.39b 2.08b 29a 1.69b
5 June s em3pl  13.67b 317a 411a 2.38a 3.08a 1.92a
Planting method cuslS g,
Transplanting i cus 13.98 b 29la 3.82a 2.26a 3.02a 1.83a
Direct sowing peiiue S 14.96 @ 277a 3.68a 22a 2.96 a 1.78a

A 3 ime M3 181 s 5 Codguianl wlil  doyd gy Sl gaw 0 (gylel blod IS jrie B e G JBlus s (glanSibe gt 40 9,68 ya g
Means with the same letters for each column and each factor haven’t significant difference at 5% probability level according to
student t-test.
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Table 7- Combined analysis of variance (mean of squares) of extractable sugar, sugar yield and extraction coefficient of
sugarin sugar beet affected by cultivar, planting date and planting method in Shirvan and Mashhad in 2017

ey JUSSIIBNE oo S Sl s

A PO P
S, 0)*\7 & df Extsruagc;?ble Sugar yield Extracgfogu;c;fﬁment
Location ailate 1 21.92" 47.01™" 101.94™
Rep. (Location) dilate > S5b 4 32.05 17.81 55.96
Cultivar (C) o) 1 2.86" 1374 16.75"
Planting date (D) Bl g 1 40.89" 48.84™ 144.85™
Planting method (M)~ cuals' s, 1 1274 11.33” 25.87"
C*D 1 0.217™ 35" 0.031"
C*M 1 0.028"™ 0.203"™ 2.59™
D*M 1 1.45" 20.2™ 5.59"
C*D*M 1 0.007"™ 2.14™ 0.167"™
C*Location 1 0.009" 0.389" 0.167"
D* Location 1 0.127™ 0.116™ 0.291™
M* Location 1 0.167™ 1.694™ 0.003™
C*D* Location 1 0.015™ 0.0001™ 0.063"
C*M* Location 1 0.355™ 0.252™ 0.505™
D*M* Location 1 0.009™ 0.002™ 0.085™
C*D*M* Location 1 0.049" 0.065"™ 3.8"
Error ks 28 0.636 1.35 2.08
C.V. (%) s g > - 6.61 15.11 1.74

P re pf 5 doyd S o gy Jlain e )3 (610 xS0l ol iay NS g e i
*, **and ns, indicated significant at 5%, 1% levels of probability and no significant, respectively.
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Table 8- Mean comparison results for main effects of location, cultivar, planting date and planting method on extractable
sugar, sugar yield and extraction coefficient of sugar in sugar beet in experiment

N e i v e
Experiment Factors Extractable sugar Sugar y|eI>(lj Extraction coefficient
(%) (tonnes ha™) of sugar
Location ailaio
Shirvan oy 1274 a 8.694 a 84.38 a
Mashhad Ao 11.39b 6.715Db 81.46 b
Cultivar o5,
Anaconda 135S Ul 1231a 8.239a 8351a
Dorotea 9 11.82b 7.169 b 82.33b
Planting date S oyl
5 May Cadigensd )| w33l 12.99 a 8.713 a 84.66 a
5 June a3,5 w33k 11.14b 6.696 b 81.18b
Planting method clS o,
Transplanting wlis cus 11.55b 8.19a 82.18 b
Direct sowing s CuiS 12.58 a 7.219b 83.65a

s I xe BB 2Bl cni— Bdgutil bl p doyd g Jlein! gaw > (g)lel b I St By O s ghyls (sl xSl (gt b y3 9,951
Means with the same letters for each column and each factor haven’t significant difference at 5% probability level according to
student t-test.
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Figure3- Interaction between planting method and planting date on sugar yield in sugar beet
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Means with the same letters haven’t significant difference at 5% probability level according to Tukey’s test.
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Figure 4- Relationship between root impurities and extraction coefficient of sugar in sugar beet affected by cultivar, planting
date and planting method in Shirvan and Mashhad in 2017
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Introduction

Sugar beet is one of the important industrial crops in sugar production industry. Recently, Iranian farmers

have encountered some challenges such as restricting government support and lack of water for irrigation.
Therefore, sugar beet production has declined in recent years. In addition, lack of precision planting equipment,
dependency on labour force in weed control and synchronizing sugar beet planting with irrigation of other crops
such as cereals has increased problems for farmers. The appropriate sowing technique, optimum sowing date and
application of acceptable varieties will solve these problems.

Materials and Methods

This experiment was conducted during 2017 in Mashhad and Shirvan stations. The experimental layout was
factorial experimental design based on randomized complete block design. The factors in this experiment were
sugar beet varieties (Anakonda and Dorotea), planting method (Transplanting and seed sowing) and sowing or
transplanting date (5 May and 5 June). For transplanting treatments, the seed was planted into paper pots in
tunnel house around 30 days before transplanting. The plots area was 15 m™, had 6 rows (50 cm apart) with 5 m
length. In seed sowing treatments, seeds were sown 10 cm apart, then in 4-6 leaf stage, the plants were manually
thinned to a density of 100,000 plants ha™ (20 cm apart). In transplanting treatments, seedlings were sown 20 cm
apart. The plants harvested on 27 October in Mashhad and 29 October in Shirvan. After harvesting, the root and
leaf were weighted. Then a sample from the root in each plot was selected and used to measured criteria sugar
content, root impurities, molasses content, extractable sugar, sugar yield and extraction coefficient of sugar.

Results and Discussion

The results showed that root yield and sugar yield of sugar beet in Shirvan were higher than Mashhad. While
the root impurities and molasses content in Mashhad were higher than Shirvan. The difference in soil and
weather conditions could be one of the reasons for these differences between two areas. Transplanting treatments
showed the highest root yield and leaf weight rather than direct sowing. Furthermore, the root impurities were
highest in transplanting treatments. According to the reports, branched roots in transplanting roots would be
higher than direct sowing and it can increase the root impurities. Based on this hypothesis, direct sowing of sugar
beet increased the impure sugar and extractable sugar. According to the positive correlation between root yield
and sugar yield, the highest sugar yield obtained from transplanting treatments. The results represented that
delaying in sowing date increased the root impurities and molasses content. Therefore, the sugar yield in the
second date of sowing or transplanting was less than first sowing date. The second sowing date increased the
percentage of sodium, potassium and amino nitrogen, 26.29, 21.24, and 14.42, respectively. In addition, the
second sowing date increased the molasses content compared to the first sowing date by 13.61%. Other studies
also reported similar results. Some of the studies mentioned that decreasing the growth period can increase the
root impurities in sugar beet. Different genotypes also showed different responses. The highest root yield and
sugar yield and the lowest root impurities were related to Anakonda. The molasses content in Dorotea was
5.11% higher than Anakonda. Some of the studies expressed that different genotypes have different cell capacity
to store the sugar. According to the evaluation of the interaction between different factors, the highest root yield
(77.34 ton.ha™) and sugar yield (9.848 ton.ha™) were observed in transplanted sugar beet that planted in the first
sowing date. There is a significant correlation between the extraction coefficient of sugar and root impurities
content, this led to root impurities interfere with crystallization of sucrose and decreased the sugar extraction.

Conclusions

According to the results, transplanted sugar beet had more yield quantity and quality compared to seed
sowing. Also, the second sowing date decreased the quality and quantity of sugar beet. In addition, planting of
sugar beet in Shirvan condition was better than Mashhad condition. In general, it seems that the transplanted
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Anakonda on 5 May in both areas will be appropriate. However, making a decision, in this case, requires further
evaluating such as economic aspects.
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